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ALCOHOL 

652 

Historically used 

MORPHINE 

1827 

Historically used 

NITROUS OXIDE 

1844 

“Nitrous oxide (N2O) was discovered by Jo-

seph Priestley in 1772, about 1 year after he 

had described oxygen as a chemical com-

pound. The newly identified substance was 

called by him ‘dephlogistated air’. In 1798, 

Thomas Beddoes founded the Pneumatic 

Medical Institution in Bristol in order to 

study the use of gases in medicine and to treat 

patients with these new substances. A year 

later, Humphry Davy came to the Institution 

and experimented with N2O inhalation, con-

ducting many of his experiments on himself. 

On one occasion he inhaled the gas when suf-

fering from the discomfort of an erupting 

wisdom tooth and noted that a definite relief 

from pain was effected by this inhalation. In 

a publication titled ‘Researches, Chemical 

and Philosophical, Chiefly Concerning Ni-

trous Oxide’ he mentioned the possibility of 

using this agent as a remedy for operative 

pain: ‘As nitrous oxide in its extensive oper-

ation appears capable of destroying physical 

pain, it may probably be used with advantage 

during surgical operations in which no great 

effusion of blood take place’. Nevertheless, 

his idea did not take root in spite of the fact 

that his book was well received and widely 

read, no-one was there to accept the idea of 

painless surgery. Thus mankind was to suffer 

for another 40 years. 

In America and, to a lesser extent, in Eng-

land, students very soon made use of the drug 

in their frolics or it was inhaled for public en-

tertainment. During a popular lecture on 

laughing gas given by Gardner Quincy Col-

ton, an itinerant lecturer in chemistry, a drug-

store clerk inhaled the gas in 1844. While un-

der the influence of the gas, he became rather 

rowdy, ran into a bench and lacerated his leg 

without feeling pain. The dental surgeon Hor-

ace Wells who was one of the audience ob-

served that this happening appeared to cause 

no pain to the man. This train of events 

caused him to ponder the possibility of using 

the gas for the painless extraction of teeth. 

The following day, Colton himself success-

fully administered the anaesthetic to Wells to 

extract one of his teeth and Wells announced 

vigorously as he returned to consciousness: 

‘A new era in tooth pulling. It did not hurt me 

as much as the prick of pain. It is the greatest 

discovery ever made’(3).” 

SALICYLIC ACID 

1860 

“Willow bark has been used as a traditional 

medicine for more than 3500 years. […] 

Evidence for this early use of willow as an 

analgesic and antipyretic first surfaced in 

1862. Edwin Smith, an American trader liv-

ing in Cairo purchased a pair of ancient doc-

uments, the provenance of which was un-

known. These scrolls dated back to around 

1500 BC and are amongst the most important 

historical documents in medicine. One of 

these is now known as the Edwin Smith Sur-

gical Papyrus and details 48 surgical cases 

and their management. The other is now 

known as the Ebers Papyrus. This was an 

Egyptian record of around 160 herbal and 

vegetable remedies. One of these remedies is 

the first written record of the use of tjeret or 

salix (now known as willow) for treatment of 

non‐specific pains. This herbal knowledge 

was passed on as empires rose and fell. The 

use of willow bark for pain relief continued 

through ancient Greece, where it was recom-

mended by Hippocrates to relieve the pain of 

childbirth, through to Roman times, when its 

https://drugs.ncats.io/drug/3K9958V90M
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use was recorded by Pliny the Elder. […] 

The active ingredient in willow bark was not 

discovered until 1828 when Johann Buchner 

first refined willow bark into yellow crystals 

and named it Salicin (after Salix, the genus of 

the willow tree). In 1829, the process was fur-

ther refined by Pierre‐Joseph Leroux in 

France and taken a step further in 1838 when 

Raffaele Piria produced a stronger compound 

from the crystals isolated from willow bark, 

which he named salicylic acid. […] 

In 1876, the first clinical trial of salicin was 

published by Thomas Maclagan a Scottish 

physician at the Dundee Royal Infirmary. He 

investigated the effects of salicylate in reliev-

ing the symptoms of rheumatic fever. His 

first step was to take salicin himself: ‘I deter-

mined to give salicin; but before doing so, 

took myself first five, then ten, then thirty 

grains without experiencing the least incon-

venience or discomfort’. He proceeded to 

treat eight patients with rheumatic fever with 

12 grains of salicin every 3 h, demonstrating 

its antipyretic and anti‐inflammatory ef-

fects(4).” 

COCAINE 

1860 

“The first description of the use of cocaine by 

humans can be found in the memoirs of the 

Florentine traveller Amerigo Vespucci. For 

the next 300 years mostly the advantages of 

cocaine use, also as a medication, were em-

phasized. In 1860 Albert Niemann isolated an 

active ingredient of coca leaves, which he 

named cocaine. After his death, his work was 

carried on by his disciple Wilhelm Lossen, 

who finally, in 1865, determined its proper 

chemical formula. Although the first obser-

vations concerning the effect of cocaine on 

mucous membranes were made by Niemann 

and Lossen, the first experimental studies in-

volving the application of cocaine to animals 

were performed by the Peruvian surgeon 

Moréno y Maïz. In 1880 Basil von Anrep(5)” 

OXYGEN 

1868 

BETAINE 

1880 

“Betaine is used as a dietary supplement and 

has a beneficial effect on the human health. 

In the USA, FDA approved a betaine-con-

taining drug Cystadane for the treatment of 

homocystinuria(1).” 

APOMORPHINE 

1880 

“Awareness of the effects of apomorphine on 

the brain probably extends back to ancient 

civilisations. The bulbs and roots of the water 

lily species (Nymphaea caerulea, the blue lo-

tus and Nymphaea ampla, which has a white 

flower) are now known to contain a wide 

range of aporphines including apomorphine. 

Ethno-botanical scholars have suggested that 

the Nymphaea species were employed for 

their narcotic, aphrodisiac and hallucinogenic 

properties in magical-religious rites by the 

Maya civilisation of Central America (2000 

BC–250 AD). Their ritual use has also been 

depicted within Ancient Egyptian tomb fres-

coes and in early papyrus scrolls. […] 

Apomorphine was first synthesised by Arppe 

in 1845, from morphine and sulphuric acid, 

and later by Matthiesen and Wright who intro 

duced the synthesis of apomorphine from 

morphine and hydrochloric acid. Not long af-

ter its discovery, the drug was investigated by 

veterinary scientists and recommended as a 

treatment for stereotypies in farmyard ani-

mals. 

For the first comprehensive pharmacological 

study of the effects of apomorphine, we turn 

to Erich Harnack. […] 

In 1874, at the age of 22 years and when 

working in Dorpat, Erich Harnack published 

a 50-page account ‘Ueber die Wirkungen des 

Apomorphins am Saugerthier und am 

https://drugs.ncats.io/drug/I5Y540LHVR
https://drugs.ncats.io/drug/S88TT14065
https://drugs.ncats.io/drug/3SCV180C9W
https://drugs.ncats.io/drug/N21FAR7B4S
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Frosch’ (The effects of apomorphine in mam-

mals and frogs) in the ‘Archiv für experimen-

telle Pathologie und Pharmakologie’, the 

journal that was founded in 1873, and is now 

known as Naunyn-Schmiedeberg’s Archives 

of Pharmacology. By then his colleague Vin-

cent Siebert, also at the University of Dorpat 

(Tartu), had already studied the emetic ef-

fects of apomorphine and established that its 

associated circulatory changes were re-

stricted to certain species, including humans, 

dogs and cats but not frogs or rabbits; but in 

his dissertation of 1871, Siebert who had 

been supervised by Oswald Schmiedeberg, 

concluded that knowledge of the possible ef-

fects of apomorphine on the central nervous 

system ‘remained shrouded in darkness’. 

In his introduction, Harnack emphasised that 

while drugs may have obvious effects such as 

emesis, there may be other less evident but 

important actions equally worthy of atten-

tion, and it was this tenet that became his 

main experimental strategy in relation to ap-

omorphine. In addition to a detailed review of 

the literature, Harnack went on to describe his 

own extensive animal experiments. These in-

cluded studies on the effects of apomorphine 

at different dosages on dogs, cats, rabbits and 

frogs(6).” 

BISMUTH CATION 

1882 

“The first documented medical use of bis-

muth was in 1733, when its use in salves was 

described. While some internal use of bis-

muth may have occurred in Europe before the 

late 1700s, in 1799 the editors of a prestigious 

English medical journal described bismuth as 

a potent remedy for the relief of spasmodic 

pain of the stomach and bowels. Shortly 

thereafter, bismuth salts were reported by 

Chambers in the United Kingdom and Kuss-

maul in Germany to be an effective treatment 

for dyspepsia(7).” 

METHENAMINE 

1884 

“Following its discovery in 1859 by Ale-

ksandr Butlerov, first medical usage of me-

thenamine was reported in 1894, which 

demonstrated its prominent efficacy as a uri-

nary antiseptic, including sterilization of 

urine in patients with typhoid fever. Thereaf-

ter, clinical studies were conducted in chole-

cystitis, appendicitis, encephalitis, and men-

ingitis(8).” 

BENZOCAINE 

1885 

“Schon 1888 hatte sich R. mit der Herstel-

lung einer fiebersenkenden Substanz befaßt, 

um die damals verwendeten, toxisch nicht 

unbedenklichen Mittel Phenacetin und Acet-

anilid zu ersetzen. Der von ihm dargestellte 

p-Aminobenzoesäureethylester zeigte zwar 

keine fiebersenkende, wohl aber eine loka-

lanästhetische Wirkung. R. überließ die neue 

Substanz der Firma Hoechst, wo sie unter der 

Bezeichnung ‘Anaesthesin’ geführt(9)” 

Translation from Google Translate: 

“As early as 1888, R. had dealt with the pro-

duction of an antipyretic substance in order to 

replace the toxic substances phenacetin and 

acetanilide used at the time. The p-aminoben-

zoic acid ethyl ester presented by him did not 

show any antipyretic effect, but it did have a 

local anesthetic effect. R. left the new sub-

stance to the Hoechst company, where it was 

marketed under the name ‘Anesthesin’(9)” 

NITROGEN 

1899 

ASPIRIN 

1899 

Analogue of salicylic acid 

“As physicians became increasingly aware of 

the benefits of salicylate medicines and im-

proved the effectiveness of dosing, the use of 

these drugs accelerated through the middle of 

https://drugs.ncats.io/drug/ZS9CD1I8YE
https://drugs.ncats.io/drug/J50OIX95QV
https://drugs.ncats.io/drug/U3RSY48JW5
https://drugs.ncats.io/drug/N762921K75
https://drugs.ncats.io/drug/R16CO5Y76E
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the nineteenth century until salicylics became 

a standard component of every physician’s 

medicine bag. Even so, salicylic acid pro-

duced highly unpleasant side effects, particu-

larly gastric irritation, tinnitus, and nausea. If 

Duisberg could find a way to reduce the side 

effects of salicylic acid while retaining its 

anti-inflammatory properties, then Bayer 

would have a chance to improve the drug—

and make a fortune. All it needed, Duisberg 

hoped, was the right chemical tweak […] 

In the mid-1890s, Eichengrün, the head 

chemist, became interested in acetyl groups, 

small molecules with two carbon atoms that 

could be attached to many plant compounds, 

including the salicylics. In August of 1897, 

Eichengrün instructed Felix Hoffman, a jun-

ior chemist in his department, to add acetyl 

groups to two prominent plant-derived drugs, 

morphine and salicylic acid. Hoffman added 

an acetyl group to morphine (derived from 

poppy flowers) and created a new synthetic 

compound called diacetylmorphine. He also 

added an acetyl group to salicylic acid (de-

rived from meadowsweet) and created a new 

synthetic compound called acetylsalicylic 

acid. 

These two new drug candidates, diacetylmor-

phine and acetylsalicylic acid, were sent to 

Dreser (the head pharmacologist) for evalua-

tion on animals and humans. Both synthetic 

compounds passed Dreser’s initial animal tri-

als. But Dreser feared that he did not have a 

large enough budget to pursue a complete 

evaluation for both compounds. He believed 

that, given his limited resources, he could 

pick only one drug to develop. But which 

one? […] 

Dreser was more concerned about spending 

resources on acetylsalicylic acid because of 

salicylic acid’s reputation for weakening the 

heart, which he feared would remain a side 

effect in the tweaked version. He judged that 

the morphine tweak was the more promising 

candidate and redirected all of his efforts into 

the development of diacetylmorphine, which 

Dreser renamed ‘Heroin.’ 

Eichengrün (Bayer’s head chemist) arrived at 

the opposite judgment. He felt that if there 

were only resources to pursue a single com-

pound they should keep fishing with acetyl-

salicylic acid, since there would be almost 

unlimited applications for an effective rem-

edy that reduced fever and relieved pain? He 

did not have any hard evidence showing that 

the salicylic acid tweak would not produce 

side effects, however. In order to demonstrate 

that acetylsalicylic acid was safe and effec-

tive, he needed data from human trials—and 

Dreser was blocking any further clinical trials 

on the drug. Eichengrün knew he could ap-

peal to their shared boss, Duisberg, but 

Eichengrün also knew that Duisberg held 

Dreser in high esteem. Not only that, in the 

team-focused culture of German business, it 

would have been highly unlikely that Duis-

berg would override the judgment of a man 

he had just put in charge of Bayer’s biologi-

cal research. Even today, German drug com-

panies abhor loose cannons and lone wolves. 

Eichengrün felt the pressure to toe the com-

pany line, but since he was convinced that the 

commercial potential of acetylsalicylic acid 

was simply too great to ignore he did some-

thing that daring drug hunters have always 

done—he went behind management’s back. 

Eichengrün approached a friend and col-

league named Felix Goldmann, Bayer’s rep-

resentative in Berlin, and quietly arranged for 

low-profile human trials of acetylsalicylic 

acid in Germany’s capital. This was truly the 
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very dawn of human drug trials, so modern 

ethical concepts like informed consent had 

not yet been conceived, let alone imple-

mented. Berlin doctors (and dentists) simply 

took the unidentified compound that Gold-

mann handed them and fed it to their patients. 

One dentist tested Eichengrün’s compound 

on a patient with a toothache and reported 

that a few minutes later, ‘He jumped up say-

ing the toothache was completely gone.’ 

Since fast-acting anti-inflammatory drugs did 

not exist in any form, both Eichengrün and 

the dentist regarded the patient’s speedy re-

lief as near-miraculous. Further tests of ace-

tylsalicylic acid on other patients were also 

highly encouraging: subjects reported relief 

from pain, fever, and inflammation, and—

crucially—they did not report gastrointesti-

nal distress or other notable side effects(10).” 

SCOPOLAMINE 

1899 

Historically used(11) 

EPINEPHRINE ASCORBATE 

1901 

“In 1859, English physician Henry Salter re-

ported that ‘asthma is immediately cured in 

situations of either sudden alarm or violent 

fleeting excitements’. Examining that state-

ment might lead you to believe that this could 

be the first description of the therapeutic ef-

fects of circulating endogenous epinephrine 

and its ability to activate adrenergic recep-

tors. […] 

In 1894, at the University College of London, 

George Oliver, an English physician, and Ed-

ward Schafer, an English physiologist, visu-

alised the potent effect of adrenal medulla ex-

tract on the heart rate and blood pressure of 

animals using handmade laboratory appa-

ratus constructed from steel hooks, fine cot-

ton threads, pulleys, and a few writing pens. 

Their conclusion captured the attention of the 

scientific community: the extract of adrenal 

glands (also known as suprarenal glands), 

which sit just above the kidneys, increases 

heart rate and blood pressure by stimulating 

arteriole contraction. 

Oliver and Schafer’s next move was to chal-

lenge the adrenal extract with whatever they 

could find—including heat, acid, and peptic 

digestion—to determine the physical and bi-

ochemical properties of this substance. Their 

work provided the perfect base for John Ja-

cob Abel, an American biochemist and phar-

macologist at Johns Hopkins University in 

Baltimore. Abel’s research culminated in the 

purification of the extract’s active ingredient, 

epinephrine, in 1899. Somewhat frustratingly 

for Abel, the purity of his isolated epineph-

rine was challenged by Otto von Furth, an 

Austrian physician, physiologist and bio-

chemist, and by Jokichi Takamine, a Japa-

nese biochemist. Takamine, driven by the 

widely recognised ‘marvellous therapeutic 

value of the suprarenal extract’, successfully 

isolated the ‘pure, stable, crystalline form’ of 

epinephrine, which he named adrenalin. […] 

Crude epinephrine extract was initially tested 

on patients with asthma and hayfever in 

around 1900 by Solomon Solis-Cohen, a pro-

fessor of clinical medicine in Philadelphia. 

Solis-Cohen reported that oral doses of des-

iccated adrenal glands relieved symptoms, 

and described the mechanism as ‘vasomotor 

ataxia of the relaxing variety’(12).” 

From the discovery paper of Oliver and 

Schäfer cited in the previous quotation: 

“Pellacani, both alone and in conjunction 

with Foà, appears to have been the first to in-

vestigate the effect of injecting extract of su-

prarenal capsule into animals. These observ-

ers used for the most part filtered aqueous ex-

tract of fresh suprarenal of the dog and calf, 

administering it subcutaneously. The follow-

ing are some of the results which they ob-

tained:-In a dog weighing 2,700 grammes 

having injected nearly the whole of an extract 

of neutral reaction made from two 

https://drugs.ncats.io/drug/DL48G20X8X
https://drugs.ncats.io/drug/QH0PJV94AX
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suprarenals of the calf, they observed on the 

same day no effect; temperature, respiration 

and the heart’s action remaining normal: on 

the following morning, however, they found 

the animal dead. In a guinea-pig weighing 

770 grammes they injected five grammes of 

an aqueous extract; this amount containing 

the active principles extracted by water from 

about one-quarter of a gland of the calf. They 

note that twelve hours after injection the ani-

mal refused food, and that the temperature 

was lowered by one degree. One hour later 

the animal was found dead. Similar results 

were obtained in rabbits. They further in-

jected into rabbits extracts from the liver of 

the calf and from the kidney of the calf, the 

injection being made into the jugular vein. In 

these cases also they found that death was 

produced. They seem to infer that the effect 

is a general one, common to many gland ex-

tracts. In a further research an extract equiv-

alent to one gramme of the capsules, neutral-

ised by soda, was injected under the skin of a 

dog weighing five kilogrammes. The animal 

soon became agitated, and was attacked by 

vomiting; the respiration became irregular 

and was dyspnoeic. This was followed by 

somnolence and general prostration, the tem-

perature remaining normal. This condition 

lasted six hours. The next morning the animal 

was found completely paralysed, sensibility 

was lost, the respirations were frequent and 

superficial. Death ensued nineteen hours af-

ter the injection and was produced apparently 

by suspension of respiration. In another dog, 

weighing nearly thirty kilogrammes, fifteen 

cubic centimetres of a strong watery extract 

made by digesting six capsules from the ox in 

50 c.c. of water were injected into a vein. This 

produced dyspnoea, agitation, frequency of 

cardiac beats, and subsequently diminished 

frequency. The respirations became more su-

perficial and the heart-beat diminished in 

force. There was an evacuation of the bowel. 

Four hours afterwards the temperature had 

gone up from 39°C. to 41.2; an hour later it 

was 400; four hours later 38°, accompanied 

by, great prostration. In another half-hour the 

animal died. 

In the frog these observers found that injec-

tion of the extract into the dorsal lymph sac 

was followed in about fifteen minutes by 

slowness of movement, the reflexes however 

being persistent. After twenty minutes the an-

imal bad ceased to move when placed on its 

back, and its sensibility and reflexes appeared 

diminished. Twenty-five minutes after the in-

jection paralysis was general. […] 

[O]ur own results agree with those of Tizzoni 

and of most recent observers which have 

served to confirm the conclusions of Brown-

Séquard, viz. that extirpation of the suprare-

nal capsules is invariably followed sooner or 

later by death, and that the symptoms during 

life are those of extreme muscular prostra-

tion. […] 

The suprarenals employed by us have been 

obtained mainly from the calf, but also from 

the sheep, the guinea-pig, the cat, the dog, 

and from man. The physiological effects 

which we have noticed have been identical in 

all, the only difference being in the case of 

diseased suprarenals in man (Addison’s dis-

ease); in which case, if the disease be exten-

sive, no effect whatever is obtained. […] 

The animals which we have experimented 

upon have been chiefly dogs, but we have 

also made a certain number of experiments 

upon cats, rabbits, and guinea-pigs, and one 

upon a monkey. […] 

III. THE PHYSIOLOGICAL EFFECTS OB-

SERVED. 

(a) General effects. 

(b) Effects on the arterial system. 

(c) Effects of the extracts upon the iso-

lated frog-ventricle. 

(d) Effects on the mammalian heart. 

(e) Effect on the Respiration. 
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(f) Effect on the Skeletal Muscles. 

(g) Effect on Secretory Glands(13).” 

POVIDONE-IODINE 

1921 

“Iodine was the other member of the halogen 

group to be used as an antibacterial agent. It 

is a solid, soluble in alcohol and aqueous po-

tassium iodine solution. It was first suggested 

as a wound dressing by Davies (1839) and 

was evaluated by both Koch and Pasteur. 

Tincture of iodine, as the solution was called, 

was found in every medicine cabinet up to the 

1950s at least. Hated by children and even 

adults for its stinging sensation when applied 

to open cuts, it is nevertheless an effective 

preparation and is still used in surgery as a 

skin antiseptic. 

This type of iodine formulation, solutions in 

various solvents, was to be the only one until 

1949 when Shelanski introduced solubilized 

iodine, the iodophors. He found that iodine 

could be solubilized in an aqueous solution of 

a non-ionic surface active compound. The 

product was non-stinging and less staining 

than true solutions(14).” 

BENZYL ALCOHOL 

1921 

“One of the first described uses of benzyl al-

cohol was as a local anesthetic discovered ac-

cidentally by Macht in 1918. Upon tasting a 

sample of benzyl alcohol, he noticed his 

tongue becoming numb. He then went on to 

study its anesthetic properties(15).” 

From the discoverer(s): 

“The author found, while incidentally tasting 

a minute quantity of this substance, that his 

tongue was completely anesthetized by it. On 

tasting the drug a slight irritation was first ex-

perienced which irritation was followed by a 

sensation of numbness, coolness and hard-

ness, very much like the sensation experi-

enced after application of a cocain solution to 

the tongue. This striking observation was im-

mediately followed up by the author(16)” 

ARSENIC CATION (3+) 

1921 

IODINE 

1921 

BICARBONATE ION 

1921 

IRON 

1921 

RESORCINOL 

1921 

“Almost at the same time as his work on gly-

cosides, Hlasiwetz began the investigation of 

resins. In the distillation products of guai-

acum resin he detected guaiacol (o-methoxy-

phenol) and its homologue creosole (3,1,4-

CH3OC6H3(CH3)OH). Guaiacol had been ob-

tained in 1826 by the dry distillation of guai-

acum by Unverdorben. With the help of 

Barth, his assistant, he studied a series of 

gums and resins by means of the following 

procedure: The crude substance was purified 

by treatment with alcohol or alkali to separate 

it from mechanical impurities. It was then 

melted with about three times its amount of 

potash until the usual strong. froth slackened; 

the mixture was acidified, filtered, and ex-

tracted with ether. The ethereal solution vas 

dried by evaporation and the various compo-

nents separated by crystallization, etc. The 

resins explored were: guaiacum, gum ben-

zoin, drachenblut, aloes, asafetida, gamboge, 

acaroid resin, sagepenum, opopanax, and gal-

banum. The various decomposition products 

obtained were acetic acid, benzoic acid, p-hy-

droxybenzoic acid, pyrotartaric acid (methyl 

succinic), protocatechuic acid, catechol, 

phloroglucinol, orcinol (5-methyl resor-

cinol), resorcinol, and homophthalic acid. 

They succeeded in isolating for the first time 

p-coumaric acid (p-hydroxy-cinnamic, p-

https://drugs.ncats.io/drug/85H0HZU99M
https://drugs.ncats.io/drug/LKG8494WBH
https://drugs.ncats.io/drug/C96613F5AV
https://drugs.ncats.io/drug/9679TC07X4
https://drugs.ncats.io/drug/HN1ZRA3Q20
https://drugs.ncats.io/drug/E1UOL152H7
https://drugs.ncats.io/drug/YUL4LO94HK
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HOC6H4CH=CHCOOH) from aloes and fer-

ulic acid (3,4,1-methoxy-hydroxy-cinnamic) 

from asafetida, both of which are intermedi-

ates, as the former may he broken down into 

acetic acid and p-hydroxybenzoic and the lat-

ter into acetic acid and protocatechuic acid. 

Resorcinol (m-di-hydroxybenzene) obtained 

from galbanum was the subject of much re-

search. It was recognized as an isomer of cat-

echol (discovered in 1839 by Reinach) and 

hydroquinone (discovered 1844 by Wöhler) 

and a homologue of orcinol, and its use as a 

dye intermediate and in medicinals soon fol-

lowed. It was later obtained by the dry distil-

lation of umbelliferone (p-hydroxy-couma-

rin) which comes from the resins of a number 

of umbelliferae(17).” 

LITHIUM CATION 

1921 

“In 1841 Dr. A. Lipowitz reported that when 

the slightly soluble uric acid was boiled in 

water with crushed lepidolite (an ore of lith-

ium), lithium urate was formed in solution. 

[…] 

Mr. Alexander Ure, a surgeon, became aware 

of Lipowitz’s study and proposed that lithium 

salts might be used as solvents of uric acid 

where this accumulated in the human body; 

in 1843 Ure presented a paper before the 

Pharmaceutical Society in which he recorded 

the successful reduction of a urinary calculus 

(which contained uric acid) by immersion of 

the stone in lithium carbonate solution. He 

proposed that urinary calculi might be simi-

larly dissolved in vivo by the direct introduc-

tion of lithium carbonate into the bladder […] 

Sir Alfred Baring Garrod FRS, an eminent 

physician and contemporary of Alexander 

Ure, was much influenced by Ure’s writings, 

and in his treatise on gout, published in 1859, 

he made full use of Ure’s ideas. Garrod re-

peated Ure ‘s experiment, but used gouty 

phalanges instead of bladder stones; the 

gouty deposit disappeared from a bone 

suspended in lithium carbonate solution. 

Lithium salts, Garrod concluded, could be 

powerful adjuncts to other treatments in the 

alleviation of gout. 

The story might have ended there, and lith-

ium become just another in a long line of in-

effective nostrums for gout, had it not been 

for Garrod’s decision to extend the concept 

of gout beyond the discomfort experienced at 

the joints. He noted that in association with 

the pain there were frequently other symp-

toms reported by the gouty patient, and some-

times such symptoms occurred even in the 

absence of pain. 

This ‘irregular’ gout, as Garrod called it in 

the third edition (1876) of his book was, he 

believed, also caused by an excess of uric 

acid in the body and might, therefore, be 

treated by administering lithium salts which 

would convert the insoluble uric acid to the 

highly soluble lithium urate and allow it to be 

excreted. 

The range of symptoms covered by his notion 

of ‘irregular gout’ were described by Garrod 

as manifestations of the ‘uric acid diathesis’, 

a concept which became firmly established in 

nineteenth century medical theory as a direct 

result of Garrod’s eloquent exposition. Un-

der this general heading Garrod subsumed a 

wide variety of dis-orders, including mood 

disturbances (or ‘gout retroceding to the 

head’); ‘gouty mania’ was a term which he 

also used. In advocating lithium treatment for 

such conditions, Garrod suggested that this 

might profitably be done on a long-term basis 

so as to give prophylactic control over the re-

currence of mood disturbances and other 

symptoms of the uric acid diathesis. […] 

The work of Sir Alfred Garrod became 

known to a Danish physician, Carl Lange. In 

1886, Lange published a monograph in which 

he put forward the view that what he called 

periodic depressions occurred with very high 

frequency in general practice but were virtu-

ally unnoticed by the psychiatrists. 

https://drugs.ncats.io/drug/8H8Z5UER66
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Lange wrongly believed this sediment to be 

uric acid and this led him to propose the use 

of lithium salts as a prophylactic treatment 

for the condition. 

There can be no doubt that it is to Carl Lange 

that the credit must be given for presenting 

the first unequivocal account of lithium 

prophylaxis for a psychiatric condition. 

Lange’s ideas, though originally published in 

Danish (1886, 1895) and therefore inaccessi-

ble to the majority of European physicians, 

were subsequently translated into German 

(1896) and received wide currency as a result. 

Haig and Lange corresponded about their 

work and confirmed that their clinical obser-

vations on lithium prophylaxis were in broad 

agreement. (18)” 

“The modern revival of lithium began in 

1949 in the Bundoora Repatriation Hospital, 

a veterans’ hospital in a suburb of Mel-

bourne, Australia, when John Cade, aware of 

Garrod’s success in using lithium a century 

previously in the treatment of gout, hypothe-

sized that some condition involving uric acid 

might lie behind his manic patients’ ‘psy-

chotic excitement’; Cade began treating 10 of 

them with lithium citrate and lithium car-

bonate. Some responded remarkably well, 

becoming essentially normal and capable of 

discharge after years of illness. […] 

As Cade’s son Jack, himself an intensive-care 

specialist in Melbourne, and Sydney psychi-

atry professor Gin Malhi noted in 2007: ‘John 

Cade’s discovery demonstrates the im-

portance of clinical observation, the signifi-

cance of reporting case findings, the value of 

being patient centered and the scientific ben-

efit of an open and inquiring mind’(19).” 

CARBONATE ION 

1921 

ALUMINUM CATION 

1921 

CALCIUM CATION 

1921 

BARIUM SULFATE 

1921 

KAOLIN 

1921 

“Kaolin is a hydrated aluminum silicate min-

eral. It occurs naturally as a clay that is pre-

pared for pharmaceutical purposes by wash-

ing with water to remove sand and other im-

purities. Kaolin has traditionally been used 

internally to control diarrhea. Kaolin has also 

been used topically as an emollient and dry-

ing agent(1).” 

FLUORIDE ION 

1921 

THEOPHYLLINE  

1921 

“The story begins with a report from the 

Pharmacological Laboratory at Johns Hop-

kins University which was published in De-

cember 1921. They became curious about the 

many drugs in the folklore of medicine advo-

cated for ‘the relief of bronchial spasm, or 

true asthma’, and set about to study the rela-

tive anti-spasmodic action of a number of the 

popular remedies by means of strips of bron-

chial muscle obtained from pigs. Because 

strong coffee was among the favourites, these 

investigators took special interest in caffein 

or trimethyl xanthine. They found this com-

pound to possess only weak relaxing effect 

on bronchial muscle. It occurred to them that 

other xanthine derivatives or purine com-

pounds might be more potent, and it was 

found that dimethylxanthine (theophylline) 

was a much more effective bronchodilator 

than caffein. Furthermore, they showed xan-

thine and hypoxanthine to be even more po-

tent, an observation worthy of further study. 

[…] 

Simultaneously, in March 1922 a paper by 

Samson Hirsch of Frankfurt, Germany was 

https://drugs.ncats.io/drug/7UJQ5OPE7D
https://drugs.ncats.io/drug/3XHB1D032B
https://drugs.ncats.io/drug/2M83C4R6ZB
https://drugs.ncats.io/drug/25BB7EKE2E
https://drugs.ncats.io/drug/24H4NWX5CO
https://drugs.ncats.io/drug/Q80VPU408O
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published. He had been pursuing investiga-

tions of theophylline obviously unaware of 

Macht and Ting’s activities. Hirsch was in-

terested in the mode of action of purine de-

rivatives which had been found useful as di-

uretics and in the treatment of dyspnoea in 

cardiac failure. He wondered if theophylline 

could be acting in part through an antispas-

modic or dilating effect on bronchial smooth 

muscle. Using excised strips of bronchial 

muscle from the cow, he demonstrated the 

pronounced bronchodilator effect of theo-

phylline in the laboratory. In addition, two 

asthmatic patients were treated with a theo-

phylline preparation and the results were con-

sidered superior to those obtainable with 

other drugs in common use at the time(20).” 

SODIUM CATION 

1921 

CODEINE  

1921 

Analogue of morphine(21) 

COPPER 

1921 

AMMONIUM CATION 

1921 

CAMPHOR (SYNTHETIC) 

1921 

Historically used(22) 

NITRITE ION 

1921 

FERROUS CATION 

1921 

MANGANESE CATION (2+) 

1921 

BENZOIC ACID 

1921 

“Benzoic acid was discovered in the 16th 

century. The dry distillation of gum benzoin 

was first described by Nostradamus (1556), 

and subsequently by Alexius Pedemontanus 

(1560) and Blaise de Vigenère (1596). 

Justus von Liebig and Friedrich Wöhler de-

termined the structure of benzoic acid in 

1832. They also investigated how hippuric 

acid is related to benzoic acid. 

In 1875 Salkowski discovered the antifungal 

abilities of benzoic acid, which were used for 

a long time in the preservation of benzoate 

containing fruits(23).” 

From the 1875 discovery paper of Salkowski 

cited in the previous quotation: 

“Gegenüber den Lobpreisungen, welche der 

Salicylsäure von allen Seiten zu Theil 

werden, gehört fast einiger Muth dazu, mit 

Beobachtungen hervorzutreten, welche die 

Werthschätzung der Salicylsänre bis zu 

einem gewissen Grade unberechtigt er 

scheinen lassen. Nichts desto weniger halte 

ich mich zur Mitheilung derselben 

verpflichtet und mache sie gerade an diesem 

Ort in der Absicht, sie den Praktikern 

möglichst zugänglich zu machen. Ich bin bei 

der Prüfung der Salicylsäure ganz 

vorurtheilsfrei zu Werke gegangen: ichhabe 

die Versuche zu nächst nur angestellt, um mir 

ein eigenes Urtheil zu bilden. Die Benzo-

ësäure wurde nur als die nächstliegende 

Säure aus der Gruppe der aromatischen Sub-

stanzen zum Vergleich mi der Salicylsäure 

herangezogen. Bei Beginn der Versuche lag 

für mich keinerlei Veranlassung vor, an der 

https://drugs.ncats.io/drug/LYR4M0NH37
https://drugs.ncats.io/drug/789U1901C5
https://drugs.ncats.io/drug/54S68520I4
https://drugs.ncats.io/drug/5TJD82A1ET
https://drugs.ncats.io/drug/J39976L608
https://drugs.ncats.io/drug/GW89581OWR
https://drugs.ncats.io/drug/H6EP7W5457
https://drugs.ncats.io/drug/8SKN0B0MIM
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vorzüglichen Wirkung der Salicylsäure zu 

zweifeln– ich hatte also auch kei neswegs die 

Absicht, ein neues Antisepticum zu suchen 

oder der Salicylsäure Concurrenz zu machen; 

und wenn ich –wie sich weiterhin ergeben 

wird - doch in die Lage gekommen bin, die 

Benzoësäure als ein besseres Mittel zu finden 

und u empfehlen, so messe ich mir dabei 

keinerlei Verdienst bei – es wirken am Ende 

alle in die Reihe der sogenannten aroma-

tischen Substanzen gehörenden Körper (die 

Sulfosäuren etc. ausgenommen), sofern sie 

nur die nöthigen physikalischen Eigen schaf-

ten besitzen, mehr oder weniger antiseptisch. 

Ich bemerke noch, dass sich die folgenden 

Angaben ausschliesslich auf faulige 

Zersetzung eiweissartiger Körper beziehen. 

Die Versuche sind höchst einfach in der 

Weise angestellt, dass gehacktes Fleisch mit 

Wasser resp. den betreffenden Lösungen — 

meistens 400 Cc. - übergossen und anfangs 

im Brütofen bei 25 bis 30 Gr. C., später bei 

gewöhnlicher Temperatur unter zeitweisem 

Ersatz des verdampfenden Wasser sich selbst 

überlassen wurde. […] 

Geachtet wurde auf die trübe oder klare 

Beschaffenheit, Reaction, Fäulnissgeruch, 

Auftreten von Schimmel und Bacterien. […] 

Die Benzoësäure besitzt weit stärkere antisep 

tische Eigenschaften wie die Salicylsäure. 

Wenn man frisches Fleisch, feingehackt oder 

in grösseren Stücken, in concentrirter 

wässeriger Benzoësäurelösung aufbewahrt, 

so tritt ein  Fäulniss nach meinen Beobach-

tungen, die sich jetzt au über 3 Monate 

erstrecken, überhaupt nicht ein. Die Flü-

ssigkeit bleibt vollkommen klar und bewahrt 

den Geruch nach Benzoësäure(24).” 

Translation from Google Translate: 

“In view of the praises which salicylic acid is 

given from all sides, it takes almost some 

courage to come forward with observations 

which make the esteem of salicylic acid ap-

pear to a certain extent unjustified. Neverthe-

less, I consider myself obliged to share them 

and make them precisely in this place with 

the intention of making them as accessible as 

possible to practitioners. In testing the sali-

cylic acid I went to work quite free of preju-

dice: at first I only made the experiments in 

order to form my own judgment. Benzoic 

acid was only used as the closest acid from 

the group of aromatic substances for compar-

ison with salicylic acid. At the beginning of 

the experiments there was no reason for me 

to doubt the excellent effect of salicylic acid 

- so I had no intention of looking for a new 

antiseptic or competing with salicylic acid; 

and if - as will be shown further on - I have 

been able to find benzoic acid as a better rem-

edy and recommend it, I do not deserve any 

credit - in the end all of the so-called aromatic 

substances work bodies belonging to it (ex-

cept for sulphonic acids, etc.), provided they 

only have the necessary physical properties, 

more or less antiseptic. I also note that the fol-

lowing information relates exclusively to pu-

trid decomposition of proteinaceous bodies. 

The experiments are made very simply in 

such a way that minced meat with water resp. 

the solutions in question - mostly 400 cc. - 

poured over and initially in the incubator at 

25 to 30 gr. C., was later left to itself at ordi-

nary temperature with temporary replace-

ment of the evaporating water. […] 

Attention was paid to the cloudy or clear tex-

ture, reaction, putrefactive odor, occurrence 

of mold and bacteria. […] 

Benzoic acid has much stronger antiseptic 

properties than salicylic acid. If fresh meat, 

finely chopped or in larger pieces, is kept in 

concentrated aqueous benzoic acid solution, 

putrefaction does not occur at all, according 

to my observations, which now extend over 

three months. The liquid remains perfectly 

clear and retains the benzoic acid smell(24).” 

CHOLECALCIFEROL 

1921 

One of the five forms of vitamin D(1) 

https://drugs.ncats.io/drug/1C6V77QF41
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SODIUM SULFATE ANHYDROUS 

1921 

ANHYDROUS CITRIC ACID 

1921 

Historically used via many common fruits 

“Potassium citrate is indicated for the man-

agement of renal tubular acidosis with cal-

cium stones, hypocitraturic calcium oxalate 

nephrolithiasis of any etiology, uric acid li-

thiasis with or without calcium stones(1).” 

NITRIC OXIDE 

1921 

NITROGLYCERIN 

1921 

Analogue of isoamyl nitrite(21) 

Discovery of isoamyl nitrite: 

“The application of organic nitrates as anti-

anginal agents has a long history, since they 

have been used for more then 100 years in the 

management of myocardial ischemia, with-

out proper knowledge of their mechanism of 

action. It had been observed as early as the 

19th century that people working with nitro-

glycerin in the production of explosives suf-

fered from a syndrome consisting of severe 

headache and syncopal tendency but that, af-

ter a few days, these symptoms disappeared. 

These subjects were clearly developing toler-

ance to nitrate exposure(25).” 

“Isoamyl nitrite was first synthesized in 1844 

by Balard, who reported that its vapor had 

given him a severe headache. Further experi-

ments revealed that the chemical produced 

throbbing of the carotid artery, flushing of the 

face, and an increase in heart rate. The first 

report on the clinical use of isoamyl nitrite in 

the treatment of angina pectoris was pub-

lished by Brunton, who thought that its pain-

relieving therapeutic effect was due to lower-

ing of the blood pressure(25).” 

The cited paper of Brunton was published in 

1867(25). 

SULFATE ION 

1921 

HYDROXOCOBALAMIN 

1921 

Vitamin B12a 

BACITRACIN 

1921 

“Bacitracin was discovered in 1945 from a 

leg injury of a seven-year-old American girl 

named Margaret Tracey. The collected debris 

from her wound grew isolates of several re-

lated cyclic polypeptides produced by a 

member of the Bacillus subtilis group. This 

discovery gave rise to the unique name, bac-

itracin. 

The United States Food and Drug Admin-

istration (FDA) approved the use of bacitra-

cin in 1948 for the short-term prevention and 

treatment of both acute and chronic localized 

skin infections(26).” 

From the discovery paper: 

“In the study of the bacterial flora of contam-

inated civilian mounds in the Presbyterian 

Hospital Unit, it was found that at times or-

ganisms appeared on the blood agar plates 

following direct plating of the injured tissue 

that were not recovered from broth cultures 

made at the same time from the same mate-

rial. This occurred most frequently when the 

broth cultures contained a large number of 

aerobic Gram-positive sporulating rods. 

Many of these strains had some degree of in-

hibiting action on subsequent plantings of the 

Gram-positive cocci which appeared with 

them on the direct plate. One strain isolated 

from tissue debrided from a compound frac-

ture of the tibia was particularly active. We 

named this growth-antagonistic strain for the 

patient, ‘Tracy I.’ When cell-free filtrates of 

https://drugs.ncats.io/drug/36KCS0R750
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broth cultures of this bacillus proved to pos-

sess strong antibiotic activity and to be non-

toxic, further study seemed warranted. We 

have called this active principle ‘Bacitra-

cin.’(27)” 

GLYCERIN 

1921 

“Glycerin is used in the pharmaceutical in-

dustry as a sweetener in syrups, lozenges, and 

as an excipient in eyewash solutions. As an 

individual prescription product, glycerin has 

uses as a hyperosmotic, osmotic diuretic, and 

ophthalmic agent. It may be used as an eye 

drop in the treatment of glaucoma to reduce 

intraocular pressure, as a solution or suppos-

itory for short-term treatment of constipation, 

to evacuate the bowel prior to a colonoscopy, 

and in some ocular surgeries. It may be given 

intravenously to reduce pressure inside the 

brain and used externally on the skin as a 

moisturizer(1).” 

ANHYDROUS DEXTROSE 

1921 

D-isomer of glucose, human body’s key 

source of energy 

SULFUR 

1921 

CAFFEINE 

1921 

Historically used 

COLCHICINE 

1921 

Historically used 

“Colchicine is one of the oldest remedies still 

in use today. It is derived from the bulb-like 

corms of the Colchicum autumnale plant, 

also known as autumn crocus. Its history as 

an herbal remedy for joint pain goes back at 

least to the 1500 BCE Egyptian manuscript, 

the Ebers Papyrus(28).” 

ICODEXTRIN 

1921 

“a colloid osmotic agent, derived from malto-

dextrin, used in form of an aqueous solution 

for peritoneal dialysis” 

ATROPINE 

1921 

Historically used(11) 

MAGNESIUM SILICATE 

1921 

UREA 

1921 

“Urea is an osmotic diuretic similar to man-

nitol but more irritant. Applied topically, urea 

promotes hydration of keratin and mild kera-

tolysis in dry skin(1).” 

MENTHOL 

1921 

Historically used(29) 

QUININE 

1921 

“The discovery of quinine is considered the 

most serendipitous medical discovery of the 

17th century and malaria treatment with qui-

nine marked the first successful use of a 

chemical compound to treat an infectious dis-

ease. Quinine, as a component of the bark of 

the cinchona (quina-quina) tree, was used to 

treat malaria from as early as the 1600s, when 

it was referred to as the ‘Jesuits’ bark,’ ‘car-

dinal’s bark,’ or ‘sacred bark.’ These names 

stem from its use in 1630 by Jesuit mission-

aries in South America, though a legend sug-

gests earlier use by the native population. Ac-

cording to this legend, an Indian with a high 

fever was lost in an Andean jungle. Thirsty, 

he drank from a pool of stagnant water and 

found that it tasted bitter. Realizing that the 

water had been contaminated by the sur-

rounding quina-quina trees he thought he was 
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poisoned. Surprisingly, his fever soon abated, 

and he shared this accidental discovery with 

fellow villagers, who thereafter used extracts 

from the quina-quina bark to treat fever. The 

legend of quinine’s discovery accepted in Eu-

rope differs though, and involves the Spanish 

Countess of Chinchon who, while in Peru, 

contracted a fever that was cured by the bark 

of a tree. Returning to Spain with the bark, 

she introduced quinine to Europe in 1638 

and, in 1742, botanist Carl Linnaeus called 

the tree ‘Cinchona’ in her honour. 

Before 1820, the bark of the cinchona tree 

was first dried, ground to a fine powder, and 

then mixed into a liquid (commonly wine) 

before being drunk. In 1820, quinine was ex-

tracted from the bark, isolated and named by 

Pierre Joseph Pelletier and Joseph Caventou. 

Purified quinine then replaced the bark as the 

standard treatment for malaria. Quinine and 

other cinchona alkaloids including quinidine, 

cinchonine and cinchonidine are all effective 

against malaria. The efficacies of these four 

alkaloids were evaluated in one of the earliest 

clinical trials, conducted from 1866 to 1868 

in 3600 patients using prepared sulfates of the 

alkaloids. With the main outcome measure of 

‘cessation of febrile paroxysms’, all four al-

kaloids were found to be comparable, with 

cure rates of >98%(30).” 

QUINIDINE 

1921 

See the quinine entry. 

METHYLENE BLUE 

1921 

“Methylene blue was the first synthetic drug 

used in medicine, having been used to treat 

malaria more than one century ago, and there 

has been renewed interest in using it against 

malaria in recent years. Methylene blue also 

was one of the first drugs used for the treat-

ment of patients with psychosis at the end of 

the 19th century, and it was the lead drug in 

the serendipitous development of phenothia-

zine antipsychotic drugs in the mid-20th cen-

tury. During the 1980s, methylene blue was 

studied in bipolar disorder. More recently, it 

has been investigated in dementia and related 

neurodegenerative disorders. 

Prescription combination products contain-

ing methylene blue (e.g., Urelle®) are ap-

proved by the U.S. Food and Drug Admin-

istration (FDA) with an indication for the 

treatment of urinary tract irritation symp-

toms. Methylene blue (ProvayBlue®) is cur-

rently approved by the FDA as an orphan 

drug to treat acquired methemoglobinemia, 

but is also used off-label for the treatment of 

congenital methemoglobinemia. Other off-

label uses of methylene blue include use as a 

clinical dye in therapeutic and diagnostic ap-

plications (e.g., parathyroid imaging, sentinel 

lymph node biopsy), and for treatment of hy-

potension (associated with shock or cardiac 

surgery), ifosfamide-induced encephalopa-

thy, and cyanide poisoning. […] 

Methylene blue was first synthesized as an 

aniline-based dye for cotton staining by the 

German chemist Heinreich Caro (1834-1911) 

in 1876, although its chemical structure 

would not be elucidated until 9 years later. 

Another German chemist, Heinrich August 

Bernthsen (1855-1931), first synthesized the 

drug thiodiphenylamine (phenothiazine) in 

1883 while working on the development of 

dyes derived from aniline. Phenothiazine has 

a characteristic central tricyclic ring struc-

ture, and this drug represents the structural 

parent compound for many other drugs, in-

cluding what would later become known as 

the phenothiazine group of antipsychotic 

drugs(31).” 

LACTIC ACID, DL- 

1921 

“Sodium lactate is primarily indicated as a 

source of bicarbonate for prevention or con-

trol of mild to moderate metabolic acidosis in 

https://drugs.ncats.io/drug/ITX08688JL
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patients with restricted oral intake whose ox-

idative processes are not seriously impaired. 

Sodium Lactate is most commonly associated 

with an E number of “E325” Sodium Lactate 

blends are commonly used in meat and poul-

try products to extend shelf life and increase 

food safety. They have a broad antimicrobial 

action and are effective at inhibiting most 

spoilage and pathogenic bacteria. In addition 

sodium lactate is used in cosmetics as a hu-

mectant, providing moisture(1).” 

HYDROGEN PEROXIDE 

1921 

SODIUM GLYCEROPHOSPHATE 

1921 

Used to treat or prevent low phosphate lev-

els(2) 

PILOCARPINE 

1921 

“The introduction of jaborandi leaves to 

western medicine goes back to 1873, when 

Symphronio Coutinho went to Europe, taking 

with him samples of the leaves. The copious 

sweating and salivation brought about by the 

leaves attracted the attention of French phy-

sicians. Soon jaborandi leaves were being 

employed in the treatment of many diseases. 

In 1875, Hardy and Gerrard independently 

discovered the alkaloid pilocarpine. 

Most therapeutic applications of jaborandi 

leaves and pilocarpine fell into disuse and 

were discontinued. What remained was the 

use of the latter in ophthalmology, where it 

had been introduced as a miotic by Weber in 

1876. The mixture of pilocarpine and another 

natural product, physostigmine, remains to 

this day one of the mainstays in ophthalmol-

ogy(32).” 

THIOSULFATE ION 

1921 

PENTOBARBITAL CALCIUM 

1921 

Analogue of barbital 

“The first of the barbiturates to come onto the 

market was diethyl-barbituric acid, also 

known as barbital, malonal, or gardenal. Syn-

thesized in 1881 by Conrad and Guthzeit, on 

treating the argentic salt of barbituric acid 

with ethyl iodide, it was introduced clinically 

as a hypnotic by the German companies E 

Merck (Darmstadt) and F Bayer and Co (El-

berfeld) in 1904, thanks to the work of Josef 

Freiherr von Mering and Emil Fischer (Nobel 

Prize in Chemistry, 1902). 

Von Mering, who taught pharmacology at the 

University of Halle, had observed that some 

of the synthetic compounds obtained towards 

the end of the 19th century and commercial-

ized as hypnotics, such as sulphonal, con-

tained in their molecular structure a carbon 

atom with two ethyl groups. Furthermore, 

knowing of von Baeyer’s work with deriva-

tives of urea, von Mering decided to study the 

hypnotic properties of diethyl-acetylurea, and 

found that it was even more potent than sul-

phonal. The next step was to analyze the 

properties of 5,5-diethyl-barbituric acid, for 

which he turned to Fischer, an old friend from 

his student days. At that time, Fischer, doyen 

of the German organic chemists, was Profes-

sor of Chemistry at the University of Berlin. 

Moreover, Fischer was well acquainted with 

the chemistry of malonylurea, as he had been 

von Baeyer’s assistant in Munich for eight 
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years. Together with his nephew Alfred 

Dilthey, he tested the new, resynthesized 

product, demonstrating, in dogs, that its hyp-

notic power was far greater than that of von 

Mering’s diethyl-acetylurea(33).” 

Discovery of the anti-epileptic potential of 

barbiturates: 

“It is to Hauptmann that the laurels must go 

for the introduction of this barbiturate as an 

anti-epileptic agent. It would be intriguing to 

know just exactly how this came about. In the 

clinic at the University of Freiberg where he 

worked, he dealt with institutionalized pa-

tients who were restless and excitable. Using 

Luminal rather than scopolamine, to treat 

them, he found not only was it successful but 

also controlled epileptic seizures. Although 

the observation was fortuitous he appreciated 

its significance. This serendipitous discov-

ery—a combination of making a chance ob-

servation and realizing its importance has 

been a way in which many fields of medicine 

have advanced(34).” 

CARBON DIOXIDE 

1925 

OXYTOCIN 

1928 

Also see the vasopressin entry in which the 

1895 pioneering paper of Oliver and Schäfer 

has been quoted. They report there some ef-

fects of the pituitary gland extract(35). 

“It was in 1895 that Oliver and Schäfer dis-

covered the first biological effect of the pitu-

itary gland. They found that the extracts of 

the pituitary when injected into mammals 

raised their blood pressure---the pressor ef-

fect. Howell showed a few years later that 

this activity resided in the posterior lobe. 

Since that time, other biological activities of 

posterior pituitary extracts were noted, par-

ticularly the uterine-contracting or oxytocic 

effect by Dale in 1906; the milk-ejecting ef-

fect by Ott and Scott in 1910; the blood-

pressure-lowering effect in birds, the so-

called avian depressor effect by Paton and 

Watson in 1912; and the inhibition of urine 

excretion in man, the antidiuretic effect by 

Von den Velden in 1913. It was indeed ini-

tially thought that oxytocin was devoid of 

pressor and antidiuretic activity. However, it 

was later found out that both the pressor and 

antidiuretic activity, were inherent properties 

of the oxytocin molecule. 

In 1906, Sir Henry Dale found that extracts 

from the human posterior pituitary gland con-

tracted the uterus of a pregnant cat. He coined 

the name oxytocin from the Greek words 

ωχνξ, τoχoxξ, meaning ‘swift birth.’ Sir 

Henry Dale also worked on histamine and ac-

etylcholine among others and was jointly 

awarded the Nobel Prize in 1936 ‘for discov-

eries relating to chemical transmission of 

nerve impulses.’ Forty seven years after Dale 

discovered it, oxytocin, a nine amino acid 

CNS neuropeptide, was the first ever poly-

peptide hormone to be sequenced and synthe-

sized. It was done by Vincent du Vigneaud 

and for this achievement he was awarded the 

Nobel Prize in 1955(36).” 

From the 1906 discovery paper of the uterine-

contracting properties, cited in the previous 

quotation: 

“The experiments here discussed are con-

cerned only with such prompt effects of in-

travenous injection as can be observed di-

rectly, or with the aid of mechanical methods 

of recording, in the anaesthetised or pithed 

animal. No new observations have been made 

on the slowly developed effects of admin-

istration by the mouth or hypodermically to 

the intact animal, and these will be dealt with 

only incidentally. Most of the experiments 

were made on cats: a few also on rabbits, 

dogs, monkeys, ferrets, and fowls, the pur-

pose for which each species was used being 

indicated in dealing with the results of partic-

ular experiments(37).” 

Investigated parts(37): 
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1. THE CIRCULATORY SYSTEM. 

a. Primary or stimulant action. 

b. Secondary or paralytic stage. 

2. THE SPLEEN. 

3. THE MUSCULAR COATS OF TIHE 

INTESTINES. 

a. Stimulant stage. 

b. Paralytic stage. 

4. THE INTESTINAL SPHINCTERS. 

a. The ileo-colic sphincter.  

b. The internal anal sphincter. 

5. THE: STOMACH. 

6. THE GALL-BLADDER. 

7. THE URINARY BLADDER AND URE-

THRAL SPHINCTER. 

8. THE PILO-MOTOR MUSCLES. 

9. THE PLAIN MUSCLE OF THE EYE. 

10. THE UTERUS. 

“The reaction of this organ was examined in 

the cat, the rabbit, and the monkey. Contrac-

tions of the uterus and vagina were usually 

recorded together, since it was found that 

they contracted as one. In the cat records 

were made of the contractions of the non-

pregnant uterus and of the uterus in the early 

stages of pregnancy […] 

After the effect shown in Fig. 25, extract from 

0.4 gram. dried ox-pituitary was given intra-

venously, producing the rise of blood-pres-

sure and contraction of the uterus shown in 

the figure(37).” 

11. RETRACTOR PENIS. (DOG.) 

12. THE SUBMAXILLARY GLAND. 

From the 1910 discovery paper of milk eject-

ing properties, cited in the first quotation of 

this entry: 

“In the goat we have found in the early 

nursing period that infundibulin (the active 

principle of the posterior part of the hypoph-

ysis), when injected into the vein of the ear, 

rapidly and greatly increased the secretion of 

milk. The nipple had a cannula inserted into 

it, and a water aspirator produced the suction 

necessary to empty the udder. The milk be-

fore and after the injection was caught in a 

graduated flask and measured every five 

minutes. […] 

The intra-venous injection of infundibulin 

starts the flow in about one minute from the 

beginning of the injection, and it reaches its 

height in four minutes, after which it rapidly 

falls to normal(38).” 

VASOPRESSIN 

1928 

“The neurohypophysial hormone arginine 

vasopressin (Avp) was originally detected by 

Oliver and Schäfer (1895) who demonstrated 

that extracts of the pituitary altered blood 

pressure. Subsequently, the antidiuretic prop-

erties of Avp were discovered. However, it 

was not until du Vigneaud and colleagues 

(1952) isolated the peptide that specific activ-

ities could be ascribed. Following this find-

ing, the nine amino acid sequence and struc-

tures of Avp and the related hormone oxyto-

cin were elucidated, followed shortly by their 

synthesis(39).” 

From the 1895 discovery paper of Oliver and 

Schäfer cited in the previous quotation: 

Also see the epinephrine entry where another 

pioneering article of these scientists which is 

mentioned herein is quoted: 

“ACCOMPANYING our investigations into 

the physiological action of extracts of the su-

prarenal capsules published in preliminary 

form in the Proceedings of the Physiological 

Society, March, 1894, and in the Proceedings 

of the same Society, March, 1895, and which 

have just appeared at length in this Journal, 

we have pursued similar investigations into 
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the effects of certain other gland-extracts and 

especially extracts of pituitary body, of thy-

roid and of spleen. […] 

The most striking immediate result of intra-

venous injection of extracts of any of the 

above organs is upon the blood-pressure. By 

pituitary extract this is markedly raised; by 

thyroid extract it is lowered; and by spleen 

extract it is at first lowered and then some-

what raised. Of the extracts of the three or-

gans in question that of pituitary body is by 

far the most marked. 

The action of water or glycerine extracts of 

thyroid (boiled) is the reverse of that of pitu-

itary or suprarenal extracts. The effect upon 

blood-pressure is to produce a fall when in-

jected into a vein, and it has been shown by 

one of us (Dr Oliver) that in man the incep-

tion of thyroid extract tends to produce en-

largement of the calibre of the radial artery 

whereas inception of suprarenal tends to pro-

duce the opposite effect. […] 

The action upon the circulatory system of the 

dog as shown by the tracings of blood-pres-

sure indicate that the effect of thyroid extract 

is not only of a different character but also far 

less marked than that of pituitary and there-

fore of course very much less than that of su-

prarenal(35).” 

SECOBARBITAL SODIUM 

1929 

Analogue pentobarbital 

EPHEDRINE 

1929 

Historically used(40) 

BUTALBITAL 

1929 

Analogue of pentobarbital 

DIBUCAINE 

1930 

Analogue of quinine 

“Quinine and Urea as a local anesthetic was 

discovered by accident by Dr. Thibault of Ar-

kansas. He had given a patient a hypodermic 

injection of Quinine and Urea for malaria and 

when it became necessary to repeat the injec-

tion it was noted that the site of the previous 

injection and a considerable area around it 

had become anesthetic. The doctor then ex-

perimented upon himself and ultimately used 

the newly discovered anesthetic in his surgi-

cal work with most excellent results(41).” 

“During the early 1900’s, hundreds of such 

chemicals were evaluated for their possible 

local anesthetic effects at the Swiss chemical 

company, Chemische Industrie Basel (Ciba). 

The utility of quinine in this regard was found 

to be limited by neurotoxicity and tissue ne-

crosis. Experimenting with substitutions on 

the quinine nucleus, Ciba chemist Karl 

Meischer synthetized the clinically useful lo-

cal anesthetic dibucaine in 1911(42).” 

NEOSTIGMINE 

1931 

Analogue of physostigmine 
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Discovery of physostigmine: 

“In 1876 E. Harnack, working in O. 

Schmiedeberg’s department at the University 

of Strassburg, showed that physostigmine po-

tentiates the effect of electrical stimulation on 

mammalian striated muscle. Fühner’s work 

with leech muscle produced similar results 

[…] 

Physostigmine is extracted from the Calabar 

bean, indigenous to western Africa around 

the Gulf of Guinea. It is also called the ‘or-

deal bean,’ because persons suspected of 

criminal actions or witchcraft who survived 

the ordeal of consuming the beans were 

judged innocent. The bean belongs to the ge-

nus Physostigma(43).” 

“Gordon Alles thought he was testing a new 

asthma medicine. The Los Angeles chemist 

had tried without success to improve on 

ephedrine, the decongestant and bronchodila-

tor that had in recent years become a block-

buster asthma, cold, and allergy treatment for 

drug maker Eli Lilly. Alles began to focus on 

a compound he called beta-phenyl-isopropyl-

amine. He didn’t know it at the time, but the 

drug had been first synthesized in 1887 by 

Romanian chemist Lazar Edeleanu. For over 

40 years chemists had considered it pharma-

ceutically valueless, but Alles was about to 

prove them wrong, discovering what became 

the first psychoactive prescription drug—and 

igniting a decades-long controversy. 

On June 3, 1929, a doctor injected 50 milli-

grams of amphetamine into Alles’s body. In 

the early days of scientific drug discovery re-

searchers routinely experimented on 

themselves. In addition to feeling they had a 

moral duty to future test subjects, they be-

lieved their training and familiarity with a 

compound made them the best observers of 

its effects. In this case Alles had tested his 

compound on guinea pigs, though he couldn’t 

know exactly what to expect when he became 

his own guinea pig. He took what he esti-

mated was a nonlethal dose—five times 

greater than later recommendations—and 

prepared himself. If amphetamine worked as 

he hoped, he’d have a lucrative, patent-pro-

tected drug that could go head-to-head with 

ephedrine. 

Seven minutes later he sniffed: his nose was 

dry and clear. His blood pressure climbed 

dramatically. After 17 minutes he noted heart 

palpitations but also a ‘feeling of well being.’ 

He grew chatty and at a dinner party that 

night considered himself unusually witty. 

Some eight hours after taking the drug his 

blood pressure had nearly returned to normal. 

Still, he recorded, ‘Rather sleepless night. 

Mind seemed to run from one subject to an-

other’(44).” 

AMPHETAMINE 

1931 

Analogue of ephedrine 

PROGESTERONE 

1934 

From one of the discoverer(s): 

The history of progesterone begins with a 

young Dutchman, REGNER DE GRAAF of 

Delft, who published in 1672 the first book-
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length description of the female reproductive 

system, his De mulierum organis generationi 

inservientibus. […] [H]e was the first to pub-

lish a description of the corpus luteum, and 

the earliest illustration of that organ is seen in 

his plate of the cow’s ovary (plate XIV). DE 

GRAAF recognized, moreover, that the pres-

ence of a corpus luteum is associated with 

that of a fetus in utero; that in species bearing 

more than one infant at a time there is a cor-

responding number of corpora lutea; and that 

the corpora lutea disappear after parturition. 

[…] 

In later years there were many other attempts 

to assign a function to this remarkable struc-

ture; the list of conjectures, plausible and im-

plausible, runs to something like two dozen. 

In 1898, 226 years after DE GRAAF’s book 

appeared, the French histologist LOUIS-AU-

GUSTE PRENANT at last gave us a valuable 

clue when he suggested that the corpus lu-

teum is an organ of internal secretion. How 

bold a guess this was is apparent when we re-

flect that it was made at the very dawn of 

modern endocrinology, four years before 

BAYLISS and STARLING enunciated the 

concept of specific hormonal action at a dis-

tance, upon which our current thinking about 

internal secretions is based. As to the precise 

endocrine function of the corpus luteum, 

however, PRENANT did not hit upon the 

most profitable thought. His guess was that 

the function of the gland is to suppress ovu-

lation during pregnancy. Because of the dif-

ficulty of testing it, PRENANT’s hypothesis 

did not lead to productive experimentation. 

It must have been about this same time that 

the great embryologist GUSTAV BORN, of 

Breslau, also reached the conclusion that the 

corpus luteum is an organ of internal secre-

tion […] shortly before he died in 1900 he 

conceived the idea that the specific endocrine 

function of the corpus luteum is to protect the 

early embryo and facilitate its implantation in 

the uterus. Thus it was BORN who actually 

stimulated the experimentation of more than 

50 years, which led to the discovery of pro-

gesterone. He was, however, overtaken by fa-

tal illness before he could test his hypothesis. 

On his deathbed he bequeathed the duty and 

privilege of putting the idea to experimental 

test to one of his former students, the gyne-

cologist LUDWIG FRAENKEL. 

FRAENKEL’s plan of attack was clever and 

effective. He knew from the embryological 

literature that rabbit embryos spend about 

seven days in the oviducts and uterus before 

they become implanted. The rabbit, moreo-

ver, is especially suited for his experiments 

because the doe ovulates only after coitus. He 

had only to mate females to a fertile buck and 

during the following week remove the cor-

pora lutea by excision or cauterization. The 

result was that the pregnancy did not con-

tinue. Control operations in which he re-

moved only one ovary, or cut into the ovaries 

without injuring the corpora lutea, did not 

prevent implantation, and pregnancy ensued. 

[…] 

About the same time two Frenchmen, the em-

bryologist PAUL ANCEL and the histologist 

PAUL BOUIN, were investigating another 

aspect of corpus luteum physiology. They 

were the first to observe that during preg-

nancy the rabbit's endometrium undergoes a 

remarkable change characterized by prolifer-

ation and modification of the uterine glands, 

so that in cross-section the endometrium ex-

hibits the beautiful lace-like pattern that we 

now recognize as the progestational state. 

Gynecologists quickly perceived that this 

pattern is similar to the premenstrual state of 

the human uterus, described only two years 

earlier by HITSCHMANN and ADLER. AN-

CEL and BOUIN correctly supposed that the 

histological alterations they had discovered 

are produced by endocrine activity of the cor-

pus luteum. They proceeded to test this sup-

position by experiments in which female rab-

bits were mated to vasectomized males. Thus 

ovulation was not followed by pregnancy, 

and the only change in the animal’s 
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physiology was the formation of corpora lu-

tea. Their uteri developed typical progesta-

tional changes, for which, obviously, the cor-

pora lutea were responsible. 

These clear and well-controlled experiments, 

taken together with those of FRAENKEL, 

provided immediate clues for the identifica-

tion and isolation of a corpus luteum hor-

mone. FRAENKEL had shown that the fate 

of the embryo depends upon the integrity of 

the corpus luteum, while ANCEL and 

BOUIN had found that the functional state of 

the endocrine lining depends upon the same 

gland. […] By 1928, I felt I was at last 

equipped to conduct experiments that would 

tie together FRAENKEL’s findings with 

those of ANCEL and BOUIN. In brief, I be-

gan much as FRAENKEL did, mating rabbits 

and removing their corpora lutea shortly 

thereafter. But instead of merely waiting to 

see if pregnancy ensued, I killed the does at 

the 5th or 6th day after mating. Recovering 

the embryos 

for inspection, I found them degenerating. I 

also examined the endometrium as ANCEL 

and BOUIN had done. The outcome, duly 

checked by controls, was that the fate of the 

embryos depends upon the development of 

the progestational change, and this in tum de-

pends upon the presence of the corpus lu-

teum. Now that we understood these clear 

histological and embryological signs of cor-

pus luteum function, the stage was set for an 

attempt to discover its chemical mechanism. 

Without any idea of the chemical nature of 

the substance we were to look for, we rea-

soned that almost all physiologically active 

extractable materials are soluble in either wa-

ter or alcohol. Therefore we divided the task; 

I extracted corpus luteum tissue with saline 

aqueous fluids, ALLEN with ethyl alcohol, 

subsequently distilling off the solvent and in-

jecting the lipid residue. We tested our prod-

ucts on virgin rabbits to see whether they 

would cause progestational change of the 

endometrium. My rabbits showed no such re-

sult (those which survived the effects of my 

often toxic extracts); ALLEN’s oily residues 

were immediately effective. 

Within a year we secured crude preparations 

which induced full progestational changes 

and maintained pregnancy in castrated does. 

Within the next two years ALLEN succes-

sively got rid of the irrelevant  material in the 

extracts, began to get the hormone in crystal-

line form, and already suspected that it was a 

steroid. In 1931-1932 KARL SLOTTA, 

HANS RUSCHIG, and ERIC FELS of Bres-

lau, and ALLEN also, obtained amost pure 

preparations(45).” 

TETRACAINE 

1932 

Analogue of benzocaine(21) 

SULFANILAMIDE 

1936 

In assessing different series of dyes for strep-

tococcal infections in mice, Prontosil rubrum 

showed in vivo activity, while lacking in vitro 

effects(46). 

“Domagk’s essential basis for success in dis-

covery of the sulphonamides can be traced 

back to his earlier work, in which he used an-

imal experiments to assess the course of an 

infection, certainly necessary when investi-

gating different processes in histological ex-

aminations. […] 

insights into the mechanisms of action of the 

sulphonamides caused a profound 
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disappointment. It became clear that the sul-

phonamide group introduced into an azo dye 

did not have the intended function of improv-

ing the activity as had been seen with textile 

dyes. Rather, linking it to an azo dye seemed 

to be superfluous, as the chemotherapeutic 

effect could be achieved by use of sulphanil-

amide alone. The working hypothesis which 

had been so successful in bringing about de-

velopment of therapy for bacterial infections 

was now found to be false(47).” 

PHENYLEPHRINE HYDROCHLORIDE 

1934 

Analogue of epinephrine 

NIACIN 

1937 

Vitamin B3 

TESTOSTERONE 

1937 

“The importance of the gonads in the mainte-

nance of homeostasis, however, has been rec-

ognized since antiquity: the Roman scholar 

Pliny the Elder addressed the beneficial ef-

fects of ingesting genital tissues from ani-

mals. […] 

Observations of the effects of androgen abla-

tion are an old story. In order to conserve 

grain for human consumption, Republican 

Rome passed the Laex Faunia (162 BC), 

which prohibited the fattening of hens, a fa-

vorite roman delicacy; the Populus Romanus, 

ingenuity circumvented the bureaucratic in-

convenience by castrating roosters, thus 

making them more hen-like, less aggressive, 

and more tender and fatter. It took almost two 

millennia for John Hunter, the great Scottish 

advocate of observational medicine and sci-

entific method, to report in 1771 that cas-

trated roosters (capons) could recover some 

of their lost maleness after testicular implan-

tation; there are no bibliographic references 

of his work in this area but only reports from 

attendees at his lectures. His reported obser-

vations took almost an additional 80 years 

(1849) to be confirmed by Adolph Berthold. 

[…] The association of a decline in gonadal 

and sexual function has been widely 

acknowledged since the end of the 19th cen-

tury. A great deal of interest developed after 

Dr. Charles E. Brown-Séquard made a 

presentation to the Societé de Biologie in 

June of 1889 on the self-administration of a 

liquid testiculaire prepared by him from ani-

mal gonads and his subsequent description, in 

the medical literature, on his observations 

about the improvement in his own physical 

strength, intellectual capacity, and sexual 

vigor following repeated treatments. It 

should be quoted here how cautiously 

Brown-Séquard concluded his article in The 

Lancet: ‘My first communication to the Paris 

Biological Society was made with the wish 

that other medical men advanced in life 

would make on themselves experiments sim-

ilar to mine as to ascertain . . . if the effects I 

have observed depended or not on any kind 

of autosuggestion.’ One of his colleagues (a 

Dr. Variot) treated two additional men and 

described the positive results to Brown-

Séquard, who included them in his publica-

tion […] 

Animal models were employed to demon-

strate the activity of autologous testicular 

transplants, eventually resulting in the isola-

tion of androsterone and T. In 1927 in Chi-

cago, Lamuel McGee and Fred C. Koch ex-

tracted, from 20 kg of bulls’ testicles, 20 g of 

a substance that ‘when injected into castrated 

animals would restore their maleness’ but 
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this did not receive much attention from the 

scientific community. The credit goes to 

Ernst Laqueur and his team in Amsterdam 

who obtained larger amounts of the said sub-

stance by a process similar to Koch’s(48).” 

From the discovery paper of Brown-Séquard 

cited in the previous quotation: 

“I put forward the idea that if it were possible 

without danger to inject semen into the blood 

of old men, we should probably obtain mani-

festations of increased activity as regards the 

mental and the various physical powers. Led 

by this view, I made various experiments on 

animals at Nahant, near Boston, in 1875. In 

some of those experiments, made on a dozen 

male dogs, I tried vainly, except in one case, 

to engraft certain parts or the whole body of 

young guinea-pigs. The success obtained in 

the exceptional case served to give me great 

hopes that by a less difficult process I should 

some day reach my aim. This I have now 

done. At the end of last year I made on two 

old male rabbits experiments which were re-

peated since on several others, with results 

leaving no doubt as regards both the innocu-

ity of the process used and the good effects 

produced in all those animals. This having 

been ascertained, I resolved to make experi-

ments on myself, which I thought would be 

far more decisive on man than on animals. 

The event has proved the correctness of that 

idea. 

Leaving aside and for future researches the 

questions relating to the substance or sub-

stances which, being formed by the testicles, 

give power to the nervous centres and other 

parts, I have made use, in subcutaneous injec-

tions, of a liquid containing a small quantity 

of water mixed with the three following parts 

: first, blood of the testicular veins; secondly, 

semen ; and thirdly, juice extracted from a 

testicle, crushed immediately after it has been 

taken from a dog or a guinea-pig. Wishing in 

all the injections made on myself to obtain the 

maximum of effects, I have employed as little 

water as I could. […] I have hitherto made ten 

subcutaneous injections of such a liquid-two 

in my left arm, all the others in my lower 

limbs-from May 15th to June 4th last. […] 

The day after the first subcutaneous injection, 

and still more after the two succeeding ones, 

a radical change took place in me, and I had 

ample reason to say and to write that I had 

regained at least all the strength I possessed a 

good many years ago. […] 

My limbs, tested with a dynamometer, for a 

week before my trial and during the month 

following the first injection, showed a de-

cided gain of strength. […] 

I have measured comparatively, before and 

after the first injection, the jet of urine in sim-

ilar circumstances-i.e., after a meal in which 

I had taken food and drink of the same kind 

in similar quantity. The average length of the 

jet during the ten days that preceded the first 

injection was inferior by at least one quarter 

of what it came to be during the twenty fol-

lowing days. It is therefore quite evident that 

the power of the spinal cord over the bladder 

was considerably increased. 

[…] [A]fter the first days of my experiments 

I have had a greater improvement with regard 

to the expulsion of fecal matters than in any 

other function. […] 

The last of these injections was made on June 

4th, about five weeks and a half ago. I ceased 

making use of them for the purpose of ascer-

taining how long their good effects would 

last. For four weeks no marked change oc-

curred, but gradually, although rapidly, from 

the 3rd of this month (July) I have witnessed 

almost a complete return of the state of weak-

ness which existed before the first injection. 

This loss of strength is an excellent counter- 

proof as regards the demonstration of the in-

fluence exerted on me by the subcutaneous 

injections of a spermatic fluid. 

[…] Dr. Variot, a physician who believed that 

the subcutaneous injections of considerably 
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diluted spermatic fluid could do no harm, was 

made a trial of that method on three old men-

one fifty-four, another fifty-six, and the third 

sixty-eight years old. On each of them the ef-

fects have been found to. be very nearly the 

same as those I have obtained on, myself. Dr. 

Variot made use of the testicles of rabbits and 

guinea-pigs(49).” 

DEXTROAMPHETAMINE SULFATE 

1937 

Enantiopure amphetamine 

PHENYTOIN 

1938 

Also refer to the pentobarbital entry to see 

how the anticonvulsant activity of barbitu-

rates was discovered. 

“In 1923, Dox and Thomas, two organic 

chemists working in the Parke, Davis labora-

tories, prepared different phenyl derivatives 

of barbituric acid. In particular, they at-

tempted to synthesize 5,5-di-phenylbarbitu-

ric acid, one step beyond phenobarbital in the 

progression of increasing aromaticity, but 

had no success […]. However, they did man-

age to prepare several substituted diphenyl 

derivatives, namely 5,5-diphenoxybarbituric 

acid. These were tested in the Parke, Davis 

laboratories, but neither showed any hypnotic 

activity. […] 5,5-diphenylhadantoin was ‘sit-

ting on the shelf’ in a Parke, Davis laboratory, 

just waiting to be discovered as an anticon-

vulsant drug a whole decade later! […] 

SCREENING TESTS IN ANIMALS 

The third line of research that contributed to 

the discovery of phenytoin included the de-

velopment of test procedures in animals that 

could be used to predict the anticonvulsant 

effect of drugs in humans. […] 

In brief, the equipment used by Putnam and 

Merritt consisted of a 45-V battery connected 

across the terminals of a potentiometer 

(50Ω). The current was interrupted 80 times 

per second with a motor-driven commutator. 

A millimeter (0-50 mA) was also provided to 

measure the amount of current passing 

through the brain. A cat was placed in a re-

straining box, and electrodes were placed in 

the mouth and on a shaven area of the skin 

between the ears. The current was turned on 

for 10 seconds. Each animal was found to 

have a characteristic convulsive threshold (6-

15 mA of current), which did not vary more 

than 10% within a day. Once the convulsive 

threshold had been established, the drug un-

der trial was administered and the electro-

shock procedure was repeated after several 

hours to allow time for absorption of the 

drug. The elevation in the threshold became 

a measure of anticonvulsant activity. […] 

Since phenobarbital had far better anticon-

vulsant properties than Veronal, it was possi-

ble that a further increase in aromaticity 

might well produce a better drug for the treat-

ment of seizures. Until that time, everyone 

had assumed that a good anticonvulsant drug 

had to be a good hypnotic; Putnam assumed 

otherwise, and therein lies his major contri-

bution-the separation of anticonvulsant and 

hypnotic activity. When 5,5-diphenylhydan-

toin was tested in cats, a good anticonvulsant 

drug was discovered that had no significant 

hypnotic activity. 

Presumably having the screening methodol-

ogy at his disposal, Putnam contacted several 

drug companies to request compounds re-

lated in structure to phenobarbital, preferably 

those having more phenyl rings in the mole-

cule. To quote Dr. Putnam: 

‘I combed the Eastman Chemical Company’s 

catalogue, and other price lists, for suitable 

phenyl compounds that were not obviously 

poisonous. I also wrote to the major pharma-

ceutical firms, asking if they had available or 

could make suitable chemicals. The only one 

of them that showed any interest was Parke, 

Davis and Company. They wrote back to me 

that they had on hand samples of 19 different 
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compounds analogous to phenobarbital, and 

that I was welcome to them.’ 

The compounds, of course, were the ones 

prepared by Dox and included phenytoin, 

which had no hypnotic activity. Without the 

interest of the Parke, Davis chemists in struc-

ture/activity relationships and extensive ani-

mal testing for hypnotic activity, a whole 

decade earlier, it is doubtful that these com-

pounds would have been available for screen-

ing as anticonvulsant agents. […] 

In a letter dated November 30, 1936, Dr. Put-

nam wrote to Parke Davis as follows: 

‘We have at last succeeded in devising a thor-

oughly satisfactory preparation for testing 

anti-convulsants in which a cat can be given 

a convulsion at a surprisingly constant 

threshold by means of a well controlled elec-

tric current. A dose of phenobarbital too 

small to cause observable depression will 

double this threshold in cats. None of the 

drugs you sent me had a noticeable effect on 

the convulsive level short of the hypnotic 

dose except the diphenyl allantoin (sic) 

which appears to be effective in a smaller 

dose than luminal. Whether it has a higher 

therapeutic index remains to be seen, but the 

results at present are encouraging…(50)’” 

From the discovery paper(50): 

“The anticonvulsant effect of most of the 

common drugs has been studied by this appa-

ratus, continuing the work of SpiegeLG Un-

der the conditions of the experiment, it is easy 

to demonstrate that a dose of sodium bromide 

sufficient to prevent a cat from walking  will 

raise the convulsive threshold only about 50 

per cent., while a dose of phenobarbital pro-

ducing similar symptoms may treble or quad-

ruple it. Cats so protected may survive shocks 

of an intensity which proves fatal to untreated 

animals. Comparable doses of other familiar 

barbiturates have little anticonvulsant activ-

ity. This, and the fact that Harrison, Mason 

and Resnik have produced evidence that the 

conjugated phenols are responsible for the 

motor depression of uremia suggested a 

search among phenyl derivatives as well as 

among standard hypnotics.  

Accordingly, a large number of the less toxic 

phenol compounds was studied. They in-

cluded phenyl, cresyl and tolyl sulfonates, 

benzoates, ketones and esters of such radicals 

as carbamic, malic, barbituric acids and hy-

dantoin. The compounds which appear to 

have the greatest anticonvulsant activity 

combined with the least relative hypnotic ef-

fect of those tested so far are diphenylhydan-

toin, acetophenone and benzophenone(51).” 

METHYLTESTOSTERONE 

1938 

Analogue of testosterone(21) 

GUANIDINE 

1938 

From the discovery paper: 

“Frank, Nothmann and Guttman have re-

ported that simple guanidine compounds 

greatly increase the sensitivity of striated 

muscles to the action of acetylcholine. Much 

work has been reported from this laboratory 

and others on the more general effect of guan-

idine compounds. Large doses (160-200 mil-

ligrams per kilo) of guanidine hydrochloride 

administered to animals produce intoxica-

tion. An early and prominent feature of the 

effect produced by these doses is the produc-

tion of fibrillary tremors and tonic contrac-

tions of skeletal muscles. Other toxic mani-

festations include hypermotility of the 
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gastrointestinal tract, hypoglycemia and cir-

culatory disturbances-changes which are 

compatible with increased parasympathetic 

activity. We have recently shown that this lat-

ter group of symptoms, but not those pro-

duced in muscles, can be largely prevented by 

atropine. In view of these findings it seemed 

possible that doses of guanidine far below the 

toxic level might improve the function of my-

asthenic muscles without the production of 

undesirable symptoms or that if such symp-

toms did develop they could be controlled by 

atropine without losing the effect of guani-

dine on muscles. 

We have recently treated two cases of myas-

thenia gravis with guanidine hydrochloride. 

Both patients showed a marked temporary 

improvement in muscle strength as measured 

by ergographic studies(52).” 

From the discovery paper of Frank, Noth-

mann and Guttman cited in the previous quo-

tation: 

“Der Nachweis der direkten Wirkung der 

Guanidine auf den Warm-blütermuskel. 

Pekelharing hat bekanntlich nachzuweisen 

gesucht, daß das Kreatin Kennzeichen und 

Maß des Muskeltonus sei. Die 

Aufrechterhaltung einer einmal erreichten 

Verkürzung, die Rigidität und Starre (wie sie 

uns beim Säugetier insbesondere nach En-

thirnung entgegentritt) sind nach seiner An-

sicht Aktionsformen des Muskels, die mit 

einer Entbindung von Kreatin einhergehen, 

während die dutch diskontinuierliche Im-

pulse unterhaltene tetanisehe Dauer-

kontraktion, selbst zum heftigsten Krampfe 

gesteigert, davon nichts erkennen läßt. Wie 

man auch zu dieser Lehre stehen mag, die 

gerade neuerdings manchen Widerspruch 

erfahren hat und sicherlich noch nicht 

genügend gefestigt ist, ihren heuristischen 

Wert wird man anerkennen müssen. Sie hat 

die Aufmerksamkeit von neuem auf die 

Guanidine gelenkt, nahe Verwandte des 

Kreatins, aber nicht harmlos wie diese, 

sondern stark wirksame körpereigene Phar-

maca. 

Pekelharing sieht im Kreatin lediglich das 

Produkt eines der tonischen Muskelaktion ei-

gentümlichen Stoffwechselprozesses. Frank, 

Stern und Nothmann) haben die Vermutung 

ausgesprochen, daß das indifferente Kreatin 

der leicht nachweisbare Indicator der Entste-

hung physiologisch wirksamer Substanzen 

sei, welche vielleicht bereits vor dem 

tonischen Phänomen da sind und zu seinem 

Ursachenkomplex gehören, vielleieht aber 

auch erst während des tonischen Vorganges 

gebildet werden, dann abet diesen fördern 

und unterhalten. 

Diese im Muskel entstehenden aktiven 

Körper könnten die Guanidine sein, insbe-

sondere das Dimethylguanidin, welches sich 

vom Kreatin, der Methylguanidinessigsäure, 

nut durch das Fehlen einer CO2-Gruppe un-

terscheidet, und demnach aus diesem durch 

Decarboxylierung entstehen könnte, wie 

etwa die bekannten biogenen Amine Tyramin 

und Histamin aus der zugehörigen Ami-

nosäure. Die Annahme, daß die Guanidine an 

der Entstehung tonischer Muskelaktion be-

teiligt seien, stützt sich zunächst auf eine 

allgemeine Erwägung: die Guanidine verset-

zen den Kaltblütermuskel in faszikuläre 

Zuckungen und vermögen beim Säuger 

hochgradige galvanisehe Übererregbarkeit zu 

erzeugen sowie die Curarelähmung 

aufzuheben). Substanzen, die eine oder 

mehrere dieser Eigenschaften besitzen (Phy-

sostigmin, Cholin, Nikotin), pflegen auch 

tonische Vorgänge (träge Zusammen-

ziehungen, Rigidität, Starre) hervorzurufen. 

Ein in Guanidinlösung befindlicher Frosch-

muskel verrät denn auch, wie schon Fühner) 

bemerkt hat, Neigung zur Contractur, und die 

Guanidinkröte trägt nach Frank und Stern) 

ihren Rumpf auf langgestreckten Extremi-

täten steif wie auf Stelzen weiter. 

Im folgenden suchen wir unsere Vermutung 

dadurch zu verifizieren, daß wir in Analogie 
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zu den in den früheren Mitteilungen 

dargestellten Nikotin-, Acetylcholin- und Ka-

liumexperimenten prüfen, ob wir mit Hilfe 

der Guanidine imstande sind, am motorisch 

entnervten Säuger-muskel tonische Kon-

traktionen hervorzurufen oder auf andere 

Weise erzeugte entscheidend zu beeinflus-

sen. 

Injiziert man einem Hunde mit durchschnit-

tenem Hypoglossus zu einer Zeit, wo das 

Vulpian-Heidenhainsche Phänomen positiv 

ausfällt, Guanidin intraarteriell, eine Ver-

suchsanordnung, die sich uns beim Acetyl-

cholin besonders bewährt hat, so ist an der 

gelähmten Zungen- hälfte keine Veränderung 

zu beobachten. [...] 

So ließ sich nachweisen, daß eine bestimmte 

Acetylcholindosis, die beim Kaninchen die 

Darmtätigkeit scheinbar noch ganz unbee-

influßt ließ, unter der Wirkung des Guanidins 

heftigste und unaufhörliche peristaltische 

Bewegungen hervorrief. Es konnte ferner 

gezeigt werden, daß Acetylcholin, welches 

beim normalen Tiere lediglich an der recep-

tiven Substanz des Erfolgsorganes, also rein 

peripher angreift, beim Guanidintiere 

schwere klonischtonische Krämpfe auslösen 

kann(53).” 

Translation from Google Translate: 

“Evidence of the direct effect of guanidines 

on warm-blooded muscles. 

As is well known, Pekelharing tried to prove 

that creatine was a characteristic and measure 

of muscle tone. The maintenance of a short-

ening once achieved, the rigidity and rigidity 

(as we encounter them in mammals espe-

cially after brain removal) are, in his view, 

forms of action of the muscle that go hand in 

hand with the delivery of creatine, while the 

continuous tetanic contraction maintained by 

discontinuous impulses is even the most vio-

lent Increased convulsions, showing nothing 

of it. Regardless of how one may feel about 

this doctrine, which has recently experienced 

many contradictions and is certainly not yet 

sufficiently consolidated, its heuristic value 

will have to be recognized. She has again 

drawn attention to the guanidines, close rela-

tives of creatine, but not harmless like these, 

but highly effective endogenous pharmaceu-

ticals. 

Pekelharing sees creatine only as the product 

of a metabolic process peculiar to tonic mus-

cle action. Frank, Stern and Nothmann) have 

expressed the assumption that the indifferent 

creatine is the easily detectable indicator of 

the development of physiologically active 

substances, which perhaps already existed 

before the tonic phenomenon and belong to 

its causal complex, but may also only be 

formed during the tonic process then encour-

age and entertain them. 

These active bodies that develop in the mus-

cle could be the guanidines, in particular di-

methylguanidine, which differs from crea-

tine, methylguanidine acetic acid, only in the 

lack of a CO2 group, and thus could arise 

from this through decarboxylation, such as 

the well-known biogenic amines tyramine 

and Histamine from the associated amino 

acid. The assumption that the guanidines are 

involved in the development of tonic muscle 

action is based initially on a general consid-

eration: the guanidines cause the cold-

blooded muscle to twitch in the fascicle and 

are able to produce high-grade galvanic hy-

perexcitability in mammals and to reverse cu-

rar paralysis). Substances that have one or 

more of these properties (physostigmine, 

choline, nicotine) also tend to cause tonic 

processes (sluggish contractions, rigidity, ri-

gidity). A frog muscle in a guanidine solution 

reveals, as Fühner already noted, a tendency 

to contracture, and according to Frank and 

Stern, the guanidine toad carries its trunk on 

elongated extremities, stiff as if on stilts. 

In the following we try to verify our conjec-

ture by examining, in analogy to the nicotine, 

acetylcholine and potassium experiments 
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presented in the earlier reports, whether we 

are able to induce or induce tonic contrac-

tions in the motor nervous mammalian mus-

cles with the help of the guanidines other way 

generated to influence decisively. [...] 

Thus it could be shown that a certain dose of 

acetylcholine, which in rabbits apparently 

left intestinal activity still completely unaf-

fected, caused violent and incessant peristal-

tic movements under the action of guanidine. 

It could also be shown that acetylcholine, 

which in normal animals only attacks the re-

ceptive substance of the successor organ, i.e. 

purely peripherally, can trigger severe clonic-

tonic convulsions in guanidine animals(53).” 

HEPARIN 

1939 

From one of the discoverers: 

“This was a fortuitous decision. All I was try-

ing to prove was that an ether-soluble, alco-

hol-insoluble extract of cephalin would ac-

celerate coagulation of blood, and it did. 

I became interested in the deterioration of 

cephalin (an unsaturated fatty acid), which I 

assumed became saturated on exposure to air 

(and ether-alcohol purification). It seemed 

sound to determine the iodine number of 

fresh cephalin in various stages of its decay 

down to no activity-about 3 months-by expo-

sure to air. This Arbeit was completed and 

published the following year (1916-1917) at 

the University of Pennsylvania. 

The various batches were tested down to the 

point of no thromboplastic activity, but two 

of those first prepared appeared not only to 

have lost their thromboplastic action, but ac-

tually to retard slightly the coagulation of the 

serum-plasma mixture. I had in mind, of 

course, no thought of an anticoagulant, but 

the experimental fact was before me; and I re-

tested again and again until I was satisfied 

that an extract of liver (more than heart) pos-

sessed a strong anticoagulant action after its 

contained cephalin had lost its thrombo-

plastic action. 

At first I said nothing to Dr. Howell about 

this. It was not part of my planned problem 

[…] 

After more tests and the preparation of other 

batches of heparphosphatide, I went one 

morning to the door of Dr. Howell’s office, 

and standing there, I said, “Dr. Howell, I have 

discovered antithrombin.” He smiled and 

said, ‘Antithrombin is a protein, and you are 

working with phosphatides. Are you sure that 

salt is not contaminating your substance?’ 

I told him I was not sure of that, but it was a 

powerful anticoagulant. He was most skepti-

cal. So I had the Diener, John Schweinhant, 

bleed a cat. Into a small beaker full of its 

blood, I stirred all of a proven batch of 

heparphosphatides, and I placed this on Dr. 

How- ell’s laboratory table and asked him to 

tell me when it clotted. It never did clot. 

He still did not believe that I had discovered 

a natural anticoagulant, but it was at this point 

that he became associated in my research 

problem, namely the study of the effects of 

my anticoagulating substance (heparphos-

phatide), which gave greater yield and higher 

anticoagulating potential than cuorin in vivo 

in dogs. When I demonstrated new batches to 

him in vitro, and be became satisfied that it 

did actually inhibit the coagulation of the se-

rum-plasma test mixture as well as whole 

blood in vitro, we planned the first in vivo ex-

periment with a dog and administered the 

heparin intravenously(54).” Also see (55) 

ESTRADIOL 

1940 

Also see the progesterone entry. 

“Soranus of Ephesus (AD 98–138), the most 

noted gynecologist at the time, contradicted 

Aristotle, in writing that both the male and fe-

male produce ‘seeds’ necessary for concep-

tion. Galen (AD 129–200) appeared to agree 
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with Soranus but not Aristotle. He observed 

female “testes” and concluded from these ob-

servations that the structures he saw corre-

sponded to male testes and served the same 

purpose, namely production of semen. […] 

He thought, based on appearance, that the 

ovaries and testes are similar and that damage 

to either results in infertility. He reasoned on 

this basis, as did Soranus and Galen, that the 

ovary must produce sperm. […] 

In the 1880s, Robert Battey developed the 

ability to perform oophorectomy safely in 

women. This operation, called the Battey op-

eration, became popular and was performed 

for multiple reasons, including dysmenorrhea 

and bleeding from myomata. After removal 

of the ovaries, patients developed hot flashes 

and vaginal atrophy, leading to the hypothe-

sis that the ovary makes some type of sub-

stance that in its absence causes various 

symptoms. 

In 1896, Emil Knauer from Vienna removed 

the ovaries from rabbits and observed uterine 

atrophy, which he could prevent by trans-

planting the ovary at a distant site, confirm-

ing the postulate of internal secretion by the 

ovaries. […] 

In 1897, Hubert Fosbery successfully used 

ovarian extracts to treat a patient with severe 

hot flashes. […] 

[I]n AD 1025, the Chinese prepared extracts 

of male and female urine, purportedly using 

powdered components to treat hypogonadism 

in men and dysmenorrhea in women, and 

other clinical disorders. […] 

As the concepts regarding the function of the 

ovaries evolved, therapies were designed 

based on the current knowledge. In 1896, Sir 

George Beatson, a surgeon, described the 

first effective hormonal ablative therapy for 

treatment of breast cancer. He based his ra-

tionale on an experience ‘moonlighting’ on a 

farm where he was the physician for the 

owner. There he learned several facts about 

lactation and began to study this phenome-

non. Based on his knowledge of histology, he 

appreciated similarities between the tissue 

appearance of lactational changes, character-

ized by increasing breast proliferation and the 

same phenomenon in histologic sections of 

breast cancer. Also, he knew that oophorec-

tomy prolonged the time of lactation in cows, 

a practice common in Australia at that time. 

From these observations, he postulated a reg-

ulatory role of the ovary on benign and ma-

lignant breast and sought to apply this con-

cept clinically. With seemingly great cour-

age, he decided to remove the ovaries surgi-

cally in premenopausal women with breast 

cancer. Notably, he demonstrated both partial 

and complete, temporary remissions. This 

work initiated the field of surgical ablation of 

endocrine glands as treatment of hormone-

dependent breast cancer(56).” 

PHYTONADIONE 

1940 

Vitamin K1 

SULFACETAMIDE 

1941 

Analogue of sulfanilamide 

ERGOCALCIFEROL 

1941 

Vitamin D2 

SULFADIAZINE 

1941 

Analogue of sulfanilamide 
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NAPHAZOLINE 

1942 

Although I could not find the following dis-

covery papers, time of the discovery suggests 

that it was discovered probably based on ther-

apeutic phenotypes in ex vivo or in vivo mod-

els. 

A. M. Hild, Privine Ciba, a New Preparation 

for Reducing Congestion of the Nasal Mu-

cosa, Schweizerische medizinische Woch-

enschrift, 71, 557-561 (April 26 1941). 

R. Meier, R. Müller: Pharmakologische Un-

tersuchungen über eine neuartige Substanz 

mit anämisierender Wirkung auf den Schlei-

mäuten, Schweizerische medizinische Woch-

enschrift, 71, 554 (1941). 

MEPERIDINE 

1942 

= Dolantin 

Analogue of atropine 

“Meperidine was first synthesized in 1939 as 

an anticholinergic agent, but it was soon dis-

covered to have analgesic properties(57).” 

From the discovery paper cited in the previ-

ous quotation: 

“Mit der Erkenntnis der Struktur des Aropins 

als eines Tropasäureesters des basischen 

Alkohols Tropin setzten auch die Versuche 

zu einer Synthese ähnlich gebauter 

Verbindungen ein. Man verfolgte hier das 

gleiche Prinzip, das bereits beim Kokain zu 

so schönen Erfolgen geführt hatte, indem 

man sowohl den Säureanteil wie auch den ba-

sischen Alkohol des Atropins variierte. [...] 

Es war nun interessant zu untersuchen, wie 

sich hier in der Atropinreihe eine Maßnahme 

auswirken würde, die bei den synthetischen 

Lokalanästheticis schon mit Erfolg aus-

geführt worden war, nämlich die Verlegung 

der basischen Gruppe aus dem alkoholischen 

Anteil des Moleküls in den Säureanteii. Diese 

Frage wurde durch den Aufbau und die Un-

tersuchung der Substanzen I und II entschie-

den; beide erwiesen sich als spasmolytisch 

wirksam. 

Für die arzneiliche Verwendung kommt das 

Hydrochlorid in Betracht, das den Namen 

Dolantin erhalten hat. Dolantin ist ein far-

bloses Kristallpulver vom F.P. 187-188°, das 

in Wasser leicht löslich ist und neutral 

reagiert. Auf der Zunge verursacht es eine 

schwach bittere, nur kurz anhaltende Ges-

chmacksempfindung. 

Die pharmakologische Untersuchung ergab, 

daß dem Dolantin nicht nur die gleiche kom-

plexe spasmolytische Wirkung zukommt wie 

den bisher bekannten Estern basischer Alko-

hole, sondern daß beim Dolantin außerdem 

eine in solchem Ausmaße bei synthetischen 

Verbindungen bisher nicht beobachtete anal-

getische Wirkung hinzutritt. Im folgenden 

seien nun mit der hier gebotenen Kürze die 

wichtigsten pharmakologischen Eigenschaf-

ten des Dolantins beschrieben. 

I. Spasmolytische Wirksamkeit 

a) Vaguslähmende Wirkung. Am isolierten 

Darm vermag Dolantin noch in einer 

Verdünnung von 1 : 5 Millionen die Azetyl-

cholinkontraktur aufzuheben. Auch bei Ver-

suchen an dem in situ belassenen Darm läßt 

sich dieser Antagonismus gegen pharma-

kologische Vagusreize nachweisen. Verhält-

nismäßig geringer ist die Wirkung des Dolan-

tins auf die Speichelsekretion. Der durch die 

subkutane injektion von 10 mg Pilokarpin 

pro Kilogramm am urethanisierten Kanin-

chen ausgelöste profuse Speichelfluß wird 

durch 20 mg Dolantin pro Kilogramm subku-

tan zwar stark eingeschränkt, aber nicht 
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vollkommen aufgehoben, während Atropin 

bereits in einer Dosis von 0,1 mg pro Kilo-

gramm subkutan unter den gleichen Bed-

ingungen zu einem völligen Versiegen der 

Speichelsekretion führt. 

Ebenso ist auch der Einfluß des Dolantins auf 

die Pupillenweite relativ geringfügig. Erst 

eine 1%ige Lösung führt bei Einträufelung in 

das Katzenauge zu einer geringfügigen Er-

weiterung der Pupille, während Atropin 

bereits in einer Verdünnung von 1 : 100000 

stark wirksam ist. 

Auch am Gesamtkreislauf ist die atropinar-

tige Wirkung des Dolantins wenig 

ausgesprochen. Die blutdrucksenkende Wir-

kung des Azetylcholins läßt sich durch 

Dolantin erst bei sehr hoher Dosierung ab-

schwächen; es ist hier etwa 10 000mal 

schwächer wirksam als Atropin. Ebenso wird 

durch relativ große Dosen von Dolantin die 

Pulsfrequenz nur wenig beeinflußt. 

b) Muskuläre Wirkung. Zum Unterschied von 

Atropin besitzt das Dolantin auch eine 

ausgesprochen krampflösende Wirkung auf 

den durch Bariumchlorid erzeugten rein 

muskulären Spasmus. In dieser Hinsicht 

reicht es nahe an die typische Wirksamkeit 

des Papaverins heran. 

Diese komplexe, sowohl neurotrope wie 

muskulotrope Wirkung des Dolantins kommt 

am augenfälligsten in seinem Antagonismus 

gegen Histamin zum Ausdruck. Am His-

taminkrampf des isolierten Darmes ist Dolan-

tin um ein Mehrfaches stärker wirksam als 

Atropin oder Papaverin. 

Auch der Histaminkrampf der Bronchial-

muskulatur wird durch Dolantin in 

spezifischer Weise gelöst. Am deutlichsten 

zeigen dies Versuche am Histaminasthma des 

Meerschweinchens. Nach der Methode von 

KALLOS und PAGEL kann man am 

Meerschweinchen durch Histamininhalation 

einen schwersten Asthmaanfall auslösen. 

Dieser läßt sich durch prophylaktische 

Injektion oder gleichzeitige Inhalation von 

Dolantin verhindern, während hier sowohl 

Atropin wie auch Papaverin wenig wirksam 

sind. 

c) Wirkung auf die Nierengefäße. Durch Su-

prarenin und verwandte Verbindungen läßt 

sich an den Nierengefäßen eine weitgeher.de 

Drosselung der Durchblutung herbeiführen, 

die zu einer Verminderung der Diurese bis 

zur vollständigen Anurie führen kann. Dolan-

tin hebt diese Sperre der Durchblutung auf 

und führt die Diurese zur Norm zurück. 

II. Analgetische Wirkung 

An weißen Mäusen führt die subkutane In-

jektion von 1/5 der tödlichen Dosis zu einer 

vollständigen Aufhebung der Schmerzemp-

findung. Diese zentrale Analgesie ist von 

keinerlei narkotischen Erscheinungen, 

sondern eher von einer leichten Er-

regungssteigerung begleitet. Als sichtbares 

Zeichen dieser zentralen Enthemmung 

zeigen die Tiere das für Morphin charakteris-

tische Schwanzphänomen: Die Tiere tragen 

den Schwanz in eigentümlich starrer Haltung 

S-förmig über den Rücken gekrümmt. 

Die zentrale Enthemmung gibt sich, wie beim 

Morphin, auch in dem Verhalten von Katzen 

nach subkutaner Injektion von Dolantin zu 

erkennen. Die Tiere halluzinieren und 

werden außerordentlich schreckhaft und 

bösartig. 

Die morphinähnlichen Eigenschaften des 

Dolantins legten den Gedanken nahe, seine 

Wirkung gegenüber dem Hustenreflex zu un-

tersuchen. Der experimentell an Katzen nach 

der Methode von ERNST erzeugte Husten-

reflex läßt sich durch Dolantin etwa in der 

gleichen Dosierung wie durch Kodein un-

terdrücken(58).” 

Translation from Google Translate: 

“With the knowledge of the structure of aro-

pine as a tropic acid ester of the basic alcohol 

tropine, attempts to synthesize similarly built 
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compounds began. The same principle was 

followed here that had already led to such 

beautiful successes with cocaine, by varying 

both the acid content and the basic alcohol of 

atropine. [...] 

It was now interesting to investigate how a 

measure would affect the atropine series that 

had already been successfully carried out 

with synthetic local anesthetics, namely the 

transfer of the basic group from the alcoholic 

part of the molecule to the acid part. This 

question was decided by the structure and the 

investigation of substances I and II; both 

proved to be spasmolytic. 

For medicinal use, the hydrochloride, which 

has received the name Dolantin, comes into 

consideration. Dolantin is a colorless crystal 

powder from F.P. 187-188°, which is easily 

soluble in water and reacts neutrally. On the 

tongue it causes a slightly bitter, short-lasting 

taste sensation. 

The pharmacological investigation showed 

that Dolantin not only has the same complex 

spasmolytic effect as the previously known 

esters of basic alcohols, but that Dolantin also 

has an analgesic effect to such an extent not 

previously observed in synthetic compounds. 

In the following, the most important pharma-

cological properties of dolanthine are de-

scribed with the brevity required. 

I. Spasmolytic Effectiveness 

a) Vagus paralyzing effect. In a dilution of 1: 

5 million, Dolantin is still able to reverse the 

acetylcholine contracture in the isolated in-

testine. This antagonism to pharmacological 

vagus stimuli can also be demonstrated in ex-

periments on the intestine left in situ. The ef-

fect of dolanthine on saliva secretion is rela-

tively less. The profuse salivation triggered 

by the subcutaneous injection of 10 mg pilo-

carpine per kilogram in urethanized rabbits is 

severely restricted by 20 mg dolantine per 

kilogram subcutaneously, but not completely 

eliminated, while atropine at a dose of 0.1 mg 

per kilogram subcutaneously below the same 

conditions leads to a complete cessation of 

saliva secretion. 

Likewise, the influence of Dolantin on the 

pupil size is also relatively minor. Only a 1% 

solution, when instilled in the cat's eye, leads 

to a slight dilatation of the pupil, while atro-

pine is already highly effective at a dilution 

of 1: 100,000. 

The atropine-like effect of Dolantin is also 

little pronounced in the overall circulation. 

The antihypertensive effect of acetylcholine 

can only be weakened by Dolantin at very 

high doses; it is about 10,000 times less ef-

fective here than atropine. Likewise, rela-

tively large doses of Dolantin have little ef-

fect on the pulse rate. 

b) Muscular effect. In contrast to atropine, 

dolantine also has a pronounced antispas-

modic effect on the purely muscular spasm 

caused by barium chloride. In this respect it 

comes close to the typical effectiveness of pa-

paverine. 

This complex, neurotropic as well as muscu-

lotropic effect of dolanthine is most evident 

in its antagonism to histamine. Dolantin is 

several times more effective than atropine or 

papaverine on the histamine spasm of the iso-

lated intestine. 

The histamine spasm of the bronchial mus-

cles is also resolved in a specific way by 

Dolantin. Experiments on histamine asthma 

in guinea pigs show this most clearly. Ac-

cording to the KALLOS and PAGEL 

method, histamine inhalation can induce a 

very severe asthma attack in guinea pigs. 

This can be prevented by prophylactic injec-

tion or simultaneous inhalation of Dolantine, 

while here both atropine and papaverine are 

not very effective. 

c) Effect on the renal vessels. Suprarenine 

and related compounds can be used to reduce 

the blood flow to the kidney vessels, which 

can lead to a reduction in diuresis and even 
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complete anuria. Dolantin removes this 

blockage of blood flow and returns the diure-

sis to normal. 

II. Analgesic effect 

In white mice, the subcutaneous injection of 

1/5 of the lethal dose leads to a complete abo-

lition of the pain sensation. This central anal-

gesia is not accompanied by any narcotic 

symptoms, but rather by a slight increase in 

excitation. As a visible sign of this central 

disinhibition, the animals show the tail phe-

nomenon that is characteristic of morphine: 

The animals carry their tails in a peculiarly 

rigid posture, curved over their backs in an S-

shape. 

As with morphine, the central disinhibition 

can also be seen in the behavior of cats after 

subcutaneous injection of Dolantin. The ani-

mals hallucinate and become extremely 

jumpy and vicious. 

Dolantin’s morphine-like properties sug-

gested investigating its effect on the cough 

reflex. The cough reflex produced experi-

mentally in cats according to the ERNST 

method can be suppressed by Dolantin in 

about the same dosage as by codeine(58).” 

DEOXYCHOLIC ACID 

1942 

“Deoxycholic acid is a a bile acid which 

emulsifies and solubilizes dietary fats in the 

intestine, and when injected subcutaneously, 

it disrupts cell membranes in adipocytes and 

destroys fat cells in that tissue(1).” 

CHLOROQUINE SULFATE 

1943 

“The overall search for new antimalarial 

agents involved the screening of some 16,000 

compounds, most of them for both suppres-

sive and prophylactic activity against several 

avian malarias, plus a thorough study of the 

toxicology and pharmacology of many of the 

preparations in lower animals. Finally, the 

appraisal was undertaken of some 80 com-

pounds against the malarias of man. […] 

The most important of these new compounds 

was SN-7618 (SN = Survey Number) later 

known as chloroquine. The Germans had 

synthesized this compound before the war 

but, incredible as it may seem now, they dis-

carded it(59).” 

ETHINYL ESTRADIOL 

1943 

Analogue of estradiol(21) 

HYDROCODONE 

1943 

Analogue of morphine(21) 

PENICILLIN G 

1943 

“In August of 1928 bacteriologist Alexander 

Fleming, working in Sir Almroth Wright’s 

Inoculation Department at St Mary’s Hospi-

tal in London, discovered that a culture plate 

on which he was growing staphylococci col-

onies had accidentally become contaminated 

by a mold, which he mistakenly identified as 
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Penicillium rubrum (it was actually Penicil-

lium notatum). But to Fleming’s amazement, 

the staphylococci were unable to grow in the 

vicinity of the mold. This unusual activity led 

Fleming to investigate the mold more closely. 

He found that penicillin the name he applied 

to the filtrate of the mold broth would inhibit 

the growth in vitro of some Gram-positive 

bacteria, such as staphylococci, streptococci, 

pneumococci, and gonococci, in dilutions of 

up to 1 to 800; it had no effect on Gram-neg-

ative microorganisms. Furthermore, Fleming 

demonstrated that penicillin had little or no 

toxic effect in animals, and it displayed no 

toxic reactions when applied locally in man. 

However, he apparently did not foresee any 

chemotherapeutic possibilities for penicillin; 

Fleming believed that it was a member of the 

group of slow-acting antiseptics. Thus, while 

Fleming recognized the antibacterial proper-

ties of penicillin, he did not test his filtrate in 

vivo for antibacterial activity. 

In 1938 the clinical, chemical, and industrial 

pieces of the penicillin puzzle finally began 

to fall into place, under the labor of Howard 

Florey, Ernst Chain, and others working at 

Oxford's Sir William Dunn School of Pathol-

ogy. This group had been interested in anti-

bacterial substances for some time, and part 

of their work involved the study of lysozyme, 

an antibacterial enzyme which Fleming had 

discovered in 1922. Their literature search on 

this enzyme led Florey and Chain to Flem-

ing's 1929 paper on penicillin. So in 1938 the 

Oxford group, being interested in penicillin's 

ability to inhibit staphylococcal growth and 

its unusual chemical properties and instabil-

ity, began to investigate this substance. By 

May, 1940, the Oxford workers had collected 

enough penicillin to test its therapeutic ef-

fects in animals. They infected two groups of 

animals with deadly hemolytic streptococci, 

and found that the group receiving penicillin 

survived at least three times as long as the un-

treated group(60).” 

METHAMPHETAMINE SACCHARATE 

1943 

Analogue of amphetamine 

METHYLHOMATROPINE 

1943 

Analogue of atropine 

HUMAN IMMUNOGLOBULIN G 

1944 

Endogenous-based biopharmaceutical 

UNDECYLENIC ACID 

1945 

“A new therapeutic principle was introduced 

in 1938 by Peck and Rosenfeld, who found 

that organic fatty acids occurring in sweat 

have considerable fungicidal action without 

any irritating effect. They found that the so-

dium salt of undecylenic acid has the strong-

est fungicidal action of all tested fatty acids 

and their salts(61).” 

From the discovery paper cited in the previ-

ous quotation: 

“The interest of the authors in the fungicidal 

properties of the fatty acids and their salts 

was aroused during the investigations which 

METHYLHOMATROPINE 

https://drugs.ncats.io/drug/K2J544L5HP
https://drugs.ncats.io/drug/P97OGJ7L1L
https://drugs.ncats.io/drug/66Y330CJHS
https://drugs.ncats.io/drug/K3D86KJ24N


35 

 

are being conducted on sweat. It was ob-

served that sweat had fungicidal properties 

which were probably due to a certain extent 

to some of the fatty acids. […] 

The importance of this approach to the prob-

lem of the treatment of fungous infections 

does not lie in the discovery of any startlingly 

new fungicidal agents but in the concept that 

the use of some of these products approaches 

a more physiologic method of therapy. It is 

probably for this reason that this form of her-

apy causes very little irritation and thus tends 

to decrease the incidence of trichophytids 

which very often are sequelae of more irritat-

ing methods of treatment. 

Organisms Investigated. The effects of the 

fungicidal activities of the various substances 

was tested on Trichophyton Gypseum, Epi-

dermophyton Inguinale and Monilia Albi-

cans(62).” 

DIHYDROERGOTAMINE 

1946 

Analogue of ergotamine 

“DHE was developed in 1943 and tried in mi-

graine on the basis of the belief that migraine 

headache resulted from an increase in sympa-

thetic activity. Accordingly, DHE was ex-

pected to be more efficacious than ergota-

mine in treating migraine, since it possesses 

greater α-adrenoceptor activity. However, 

early clinical experience showed that DHE, 

although effective in the acute treatment of 

migraine, must be given in higher doses than 

ergotamine(63)” 

METHYLERGONOVINE 

1946 

Analogue of ergonovine 

Also see the oxytocin entry 

“Once a dreaded poison, ergot has changed 

its role over the centuries to become a rich 

treasure house of valuable pharmaceuticals. 

In the Middle Ages it was the cause of epi-

demics of ergotism, which cost tens of thou-

sands of people their lives. Ergot was first 

mentioned by the German physician Lonitzer 

in 1582 as a remedy used by midwives for 

quickening childbirth. The isolation of phar-

macologically useful alkaloids started in 

1906 with the discovery of ergotoxine and its 

adrenolytic activity by Barger, Carr and 

Dale. In 1918, Stoll isolated ergotamine, the 

first chemically pure ergot alkaloid, which 

found widespread therapeutic use in obstet-

rics and internal medicine. In 1935 the spe-

cific oxytocic principle of ergot, ergonovine, 

was discovered simultaneously in four sepa-

rate laboratories(64).” 

DIMERCAPROL 

1946 

Chelating agent 

TETRADECYL HYDROGEN SULFATE 

1946 

Surfactant 

FOLIC ACID 

1946 

Vitamin B9 
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STREPTOMYCIN 

1946 

Following the path of the previous successful 

quests for antibiotics in bacteria, Waksman 

initiated his for antibiotics in a group of soil 

bacteria, Streptomycetes. The screenings 

were performed on organisms like M. smeg-

matis(10). 

From the discoverer(s): 

“Suffice to say that streptomycin pointed the 

way, both through the planned screening pro-

grams and through its specific activity 

against the gram-negative bacteria and tuber-

culosis, to many of these antibiotics(65).” 

DIPHENHYDRAMINE 

1946 

Staub and Bovet synthesized many com-

pounds and tested them in these assays: pro-

tecting guinea pigs against lethal doses of his-

tamine, and antagonizing the effect of hista-

mine on uterine and intestine smooth muscles 

of guinea pig(66). 

“The evidence assigning histamine an active 

role in allergy and anaphylaxis prompted sci-

entists to attempt methods of reducing hista-

mine manifestations. 

The systematic search for compounds having 

the specific property of counteracting the 

physiological effects of histamine began in 

the Pasteur Institute in the 1930s. The parent 

compound of the first antihistamines was thy-

moxyethyldiethylamine first synthesized as 

early as 1911. In 1933 Fourneau and Bovet 

reported that certain phenolic ethers had the 

property of inhibiting or counteracting the ac-

tion of histamine; the most effective of these 

was 2-isopropyl-5-methyl phenoxyethyl di-

ethylamine (929 F). This is the parent com-

pound of the ethanolamine series. Staub and 

Bovet demonstrated that 929 F could protect 

guinea-pigs from histamine-induced anaphy-

laxis but its toxicity precluded its clinical use. 

Because of this toxicity Staub went on to 

investigate a series of Fourneau compounds 

of the general phenoxyethylamine type. She 

showed that substitution in the benzene ring 

played a critical role. 

Staub had produced and tested highly active 

potent antihistamines of which the new com-

pound (1571 F) was out-standing but the tox-

icity of these compounds precluded their use 

in man. Antihistaminic research continued 

separately in France and North America dur-

ing the war years of the early 1940s. In 

France, Rhone Poulenc patented RP 2339 in 

May 1941. This compound antergan (N1N di-

methyl-N1-benzyl-N-phenyl-ethylenedia-

mine), described by Halpern in 1942 was the 

first antihistamine used clinically in man. 

Many new antihistamines followed in rapid 

succession including diphenhydramine in 

1945, and RP 3277 (Phenergan) in 1948. Hut-

trer’s review of 1950 lists 20 clinically avail-

able antihistamines(67).” 

PHENINDAMINE 

1947 

Analogue of diphenhydramine 

METHADONE 

1947 

Analogue of meperidine 

“Methadone, the first of the open-chain anal-

gesics, was discovered at I.G. Farbenindus-

trie at Hoechst-am-Main in Germany during 

World War II in the course of work on spas-

molytic compounds. 

Its narcotic-type analgesic activity was unex-

pected, since it lacked any obvious 
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resemblance to previously known com-

pounds. Despite the fact that there was a mor-

phine shortage at the time of its discovery, 

methadone was not used as an analgesic until 

after the war(68).” 

From the discovery paper cited in the previ-

ous quotation: 

“In der vorliegenden Abhandlung bringen 

wir eine Fortsetzung der Arbeiten unseres 

Werkes, welche seinerzeit ihren Anfang mit 

der Gewinnung spasmolytisch wirksamer 

Verbindungen nahmen und welchen das im 

Jahre 1939 von Eisleb und Schaumann aufge-

fundene morphiumartig wirkende Dolantin 

zugrunde liegt. Bei der neben diesen  Ar-

beiten von uns s. Z. gewählten zweiten For-

schungsrichtung handelt es sich weniger um 

die Nachbildung irgendeines Strukturgliedes 

der Morphiummolekel, vielmchr ist bei der 

neuen, im folgenden geschilderten Klasse 

von Verbindungen lediglich der Umstand 

von Beachtung, daß diese ebenso wie das 

Morphium und Dolantin ein quartäres C-

Atom tragen. Das Vorhandensein eines sol-

chen quartären C-Atoms in der Morphium-

struktur hat bei den Synthesen der neueren 

Literatur bereits starke Beachtung gefunden). 

[…] 

Eine orientiernde pharmakologische Unter-

suchung einiger Ketone der besprochenen 

Konstitution zeigte nämlich, daß wir es hier 

mit zum Teil ganz ausgezeichnet analgetisch 

wirkenden Substanzen zu tun haben. Und 

zwar ist der morphinartige Wirkungshabitus, 

gemessen an den üblichen pharmakolog. 

Testen, ein ganz ähnlieher wie der der Dolan-

tin-Gruppe. Auch die in der Morphin-Reihe 

von Straub-Herrmann festgestellte Reaktion 

an weißen Mäusen (katatonische S-förmige 

Schwanzhaltung über dem Rücken), die 

bereits bei der Dolantin-Gruppe beschriebcn 

wurde, finden wir hier wieder. Gegenüher der 

stark ausgeprägten zentralanalgetischen Ei-

genschaft tritt die Bedeutung der daneben 

auftretenden, am Nerven- und 

Gefäßmuskelpräparat festgestellten 

spasmenlösenden Wirkung in den Hinter-

grund und soll hier unbeachtet bleiben oder 

nur in den Tabellen kurz notiert werden(69).” 

Translation from Google Translate: 

“In the present treatise we bring a continua-

tion of the work of our work, which began at 

the time with the extraction of spasmolytic 

compounds and which is based on the mor-

phine-like acting Dolantin discovered in 

1939 by Eisleb and Schaumann. The second 

research direction chosen by us in addition to 

this work is not so much the reproduction of 

any structural member of the morphine mol-

ecules, but rather the fact that the new class 

of compounds described below is merely the 

fact that these, like morphine and Dolantin 

carry a quaternary carbon atom. The presence 

of such a quaternary carbon atom in the mor-

phine structure has already attracted consid-

erable attention in the syntheses of the more 

recent literature. […] 

An orienting pharmacological investigation 

of some ketones of the constitution discussed 

showed that we are dealing here with sub-

stances that have an excellent analgesic ef-

fect. And that is the morphine-like habitus, 

measured against the usual pharmacological. 

Testing, very similar to that of the Dolantin 

group. The reaction found in the Straub-

Herrmann morphine series in white mice 

(catatonic S-shaped tail posture above the 

back), which was already described in the 

Dolantin group, is found here again. Com-

pared to the strongly pronounced central an-

algesic property, the importance of the 

spasm-relieving effect found on the nerve 

and vascular muscle preparation takes a back 

seat and should be ignored here or only 

briefly noted in the tables(69).” 

FLAVIN MONONUCLEOTIDE 

1947 

A form of vitamin B2 used to restore ribofla-

vin in anemia, migraine, alcoholism, and 
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hyperhomocysteinemia(2). 

PROPYLTHIOURACIL 

1947 

“The thionamide antithyroid drugs were dis-

covered in large part following serendipitous 

observations by a number of investigators in 

the 1940s who found that sulfhydryl-contain-

ing compounds were goitrogenic in animals. 

[…] 

In 1942, Astwood treated the first hyperthy-

roid patient with thiourea, in whom there was 

a remarkable clinical improvement. At the 

same time, he initiated a series of studies of 

over 100 synthetic thiourea analogs as poten-

tial goitrogens in rats, and came upon one 

compound, 2-thiouracil, that was particularly 

potent. […] 

In 1946, after studying more than 300 com-

pounds for their ‘antithyroid’ effect, the more 

potent 6-n-propylthiouracil (PTU) was intro-

duced and approved by the U.S. FDA in 

1947. Methimazole (MMI) was discovered to 

be an even more potent and less toxic thiou-

rea analog in 1949. Subsequently, carbima-

zole, a ‘prodrug’ for methimazole was intro-

duced in 1953, in the unrealized hope that it 

would have less toxicity than methima-

zole(70)” 

VITAMIN A 

1947 

ASCORBIC ACID 

1947 

Vitamin C 

PROGUANIL 

1947 

“Proguanil was the first reported antimalarial 

antifolate agent and was discovered as a re-

sult of an intensive British research pro-

gramme, led by Imperial Chemical Industries 

(ICI) on synthetic antimalarials, which 

started during the Second World War. The 

first report on proguanil was in 1945, and the 

drug was found to be more active than qui-

nine against avian malaria and to have a bet-

ter therapeutic index in animal models, 

prompting its use in humans. After this dis-

covery, studies demonstrated that, in fact, 

proguanil is a prodrug and metabolizes to its 

triazine form chlorcycloguanil, an inhibitor 

of the parasite DHFR(71)” 

From the discovery paper: 

“SUMMARY 

l. The chemical considerations which led to 

the discovery of some biguanide substances 

as antimalarial drugs are outlined. 

2. Our working hypotheses concerning the 

life-cycle of the malarial parasite in the ver-

tebrate host, and their bearing on the chemo-

therapy of malaria, are described. 

3. The results we have achieved with 4430 

and 4888 in various tests against various spe-

cies of Plasmodium in birds are given. Both 

drugs exert a causal prophylactic action and a 

therapeutic action against different bird in-

fections, but, whereas 4430 is a causal 

prophylactic only against P. gallinaceum and 

is without an action on the blood forms of P. 

cathemerium (P. relictum not tested), no def-

inite failure either in causal prophylactic ac-

tion or in therapeutic action has been encoun-

tered with 4888 in the infections used (P. 

cathemerium, P. gallinaceum, P. lophurae, 

P. relictum). 

4. Our results have been such that we consid-

ered that both 4430 and 4888 should be tried 

in causal prophylactic experiments and ther-

apeutically with all types of human ma-

laria(72).” 

THIAMINE ION 

1947 

Vitamin B1 

PYRIDOXINE 

1947 
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Vitamin B6 

NIACINAMIDE 

1947 

Vitamin B3 

CYANOCOBALAMIN 

1947 

Vitamin B12 

BIOTIN 

1947 

Vitamin B7 

BETHANECHOL 

1948 

Analogue of acetylcholine 

HEXACHLOROPHENE 

1948 

“The discovery of salicylanilides as anthel-

mintic agents owes its origin to research for 

new antiseptics. Following the demonstration 

of pathogenic effects of microorganisms by 

Pasteur, Koch and others, Lister was able to 

show in 1867 the germicidal power of phenol 

(then called carbolic acid). This observation 

led to the introduction of several phenol de-

rivatives with marked antibacterial properties 

as disinfectants, many of which were used for 

several decades. In a further probe to the de-

velopment of better disinfectants derived 

from phenols, it was found that compounds 

containing two phenolic nuclei, linked di-

rectly or through a bridge, possessed higher 

antibacterial activity. Some of these carrying 

a hydroxy group at 2,2’-positions also exhib-

ited promising activity against liver flukes. 

The most effective anthelmintics thus discov-

ered were bithionol and hexachlorophene. 

Both these drugs were later used to eradicate 

tapeworms and liver flukes from humans and 

domestic animals(73).” 

ISOPROTERENOL 

1948 

Analogue of epinephrine 

From the discoverer(s): 

“The Konzett-Rӧssler method for record-

ing pharmacological effects on bronchial 

muscle 

The many different methods in vitro and in 

vivo for recording effects on bronchial mus-

cle described in the literature proved to be ei-

ther unphysiological or unreliable or too 

complicated for the equipment available to 

us. After some unsuccessful attempts, a satis-

factory solution to the methodological prob-

lem was found mainly through the ingenuity 

and experimental skill of R. Rӧssler. With 

such simple apparatus as a Starling respira-

tion pump, a mercury manometer, a piston re-

corder, a gas-washing flask and glass and 

rubber connections, a functional machine 

was built which allowed us to measure bron-

choconstrictor and bronchodilator effects 

quantitatively in vivo. By means of the 

adapted technique, changes in the distensibil-

ity of the lungs at constant pressure are con-

tinuously registered by means of an overflow. 

Excess air provided by the respiration pump 

during the inflation phase which does not 
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enter the lungs displaces a piston carrying a 

lever which writes a vertical line on the ky-

mograph. A decrease in the volume of air en-

tering the lungs due to bronchoconstriction 

causes the lever to rise farther; an increase in 

the volume of air entering the lungs due to 

bronchodilatation causes the lever to rise less. 

Volume calibrations of the ventilation over-

flow can easily be made. 

For registration of a relaxation of bronchial 

muscles it was necessary first to elicit a bron-

choconstriction. Pilocarpine was chosen from 

a great number of possible candidates as a 

suitable, long lasting bronchoconstrictor 

agent for these experiments which were 

mostly performed on dogs with open thorax. 

Preliminary experiments, inducing broncho-

constriction in this way and bronchodilata-

tion mainly by epinephrine, were performed 

to become familiar with the peculiarities of 

the new set-up. […] 

The compounds propyl- and butyl- norepi-

nephrine were as effective as epinephrine 

with regard to bronchodilatation, but they 

completely lacked its pressor activity; both 

were depressor agents. 

On 18 November, 1938 we carried out the 

first experiment with the isopropyl analogue 

of epinephrine. We recognized its powerful 

bronchodilator action straightaway. The 

compound was about as active as epinephrine 

in tenfold lower doses. Its strong bronchodi-

lator effect could also be confirmed on cats 

and guinea pigs using the method described 

above for measurement and using histamine 

as a bronchoconstrictor agent. A further care-

ful pharmacological analysis mainly regard-

ing its cardiovascular effects showed that iso-

propylnorepinephrine had pronounced chro-

notropic and positive inotropic effects on the 

heart, accompanied by a remarkable increase 

in coronary blood flow. It produced a fall in 

blood pressure by vasodilatation and an inhi-

bition of movement of the isolated rabbit 

intestine. Its acute toxicity in mice was much 

less than that of epinephrine(74).” 

PYRILAMINE 

1948 

Analogue of diphenhydramine(21) 

CHLORTETRACYCLINE 

1948 

“Duggar was world renowned for his exten-

sive knowledge and study of soil fungi; he 

collected soil samples from all over the world 

sent to him by friends from sites he instructed 

would yield actinomycetes soil bacteria, or 

‘ultra-molds’ as he called them, those with 

ground coverings left undisturbed and natu-

ral. The samples were subjected to culture 

and broth dilution assays performed by his 

technicians, in which the microorganisms 

were plated, and the colonies assayed for an-

tibiotic activity against a panel of Gram-pos-

itive and Gram-negative bacteria. Although 

many soil organisms were known to produce 

antibiotics, most were toxic or had undesira-

ble properties, and the team encountered 

many false leads. 

One sample, however, drew their attention 

early on. It was marked A-377 and sent by 

William Albrecht, dug from Plot 23 on 

Sanborn field, a dormant timothy hayfield on 

the University of Missouri campus, outside 

Columbia, Missouri. It yielded an unusual 

yellow-colored colony that inhibited the 

growth of all their strains in an initial panel 

of bacteria, and produced remarkably large 

zones of growth inhibition in agar. This was 
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an unheard-of property at this point, as com-

pared to the few antibiotics available for 

comparison. They further found that even 

crude extracts of the colony retained remark-

able antibacterial activity against lethal scrub 

typhus and the rickettsias, such as Rocky 

Mountain spotted fever, an infection for 

which there was no cure. […] 

This established Aureomycin as a new and 

potent broad-spectrum antibacterial agent 

that was safe and effective, although its exact 

chemical structure had yet to be deter-

mined(75).” 

MAFENIDE 

1948 

Analogue of sulfanilamide 

ERGOTAMINE 

1948 

“In 1906 Dale, Nobel Prize winner of 1936, 

showed that a liquid extract of ergot inhibited 

the pressor response to adrenaline in anaes-

thetized cats […] 

Ergot treatment had been unreliable because 

of varying alkaloid content, but in 1918 Stoll 

at Sandoz in Basel isolated ergotamine from 

ergot. The pharmaceutical product was called 

Gynergen, since it was envisaged that the 

drug should be used in gynaecology and ob-

stetrics for its uterotonic effect. Migraine was 

believed to be due to vasospasm because of 

the pale face of most migraineurs during at-

tacks. Rothlin at Sandoz thought that the 

adrenolytic properties of ergotamine would 

counteract the sympathotonic mechanism of 

migraine, and his colleague Maier in Zürich 

did a successful study in 1925, which was 

confirmed by Trautmann in Germany in 

1928, using placebo controls. The effect of 

ergotamine in migraine was also investigated 

in an open study in 1928 France(63).” 

LIDOCAINE 

1948 

During the investigations of the chemical re-

lationships between genes and enzymes, 

from a mutant barley, an indole alkaloid, gra-

mine, was isolated and analyzed. Afterwards, 

2-dimethyl-aminomethylindole, isogramine, 

was synthesized. The chemist performing the 

synthesis, had the habit of testing the chemi-

cals on his tongue. After testing this comound 

he found his tounge anesthesized, which was 

contrary to his testing gramine on his tongue. 

After some years and testing different com-

pounds, LL30 was found active in self-exper-

iment. 

“Lidocaine was discovered from systematic 

investigations at the Institute of Chemistry at 

Stockholm University, Stockholm. In the 

early 1930s, Hans von Euler Chelpin, Ph.D. 

(1873–1964, Nobel Prize winner in 1929 for 

studies on the fermentation of alcohols), 

wanted to investigate how genes and en-

zymes were chemically related and to map 

out the actual process of inheritance in purely 

chemical terms. He tried to find chemical dif-

ferences between normal barley and some 

chlorophyll-defective mutants resistant to 

certain pests. From the mutants he had ob-

tained from the famous Swedish plant geneti-

cist, H. Nilsson-Ehle, Ph.D. (1873–1949), 

von Euler-Chelpin et al. isolated an alkaloid, 

an indole, that they named gramine after the 

Latin name of the grass family Gramineae. 

They made a correct elemental analysis 

(C11H14N2). 

In von Euler-Chelpin’s laboratory, Holger 

Erdtman, Ph.D. (1902–1989), was given the 

task to synthesize 2-dimethyl-aminomethyl-

indole, which was not identical to gramine; 
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instead, it was an isomer, called isogramine. 

As usual, he tested the substance on his 

tongue, which he found anesthetized. Gra-

mine was inactive in this respect. Erdtman, in 

association with a young chemistry student, 

Nils Lӧfgren, Ph.D. (1913–1967), prepared 

several analogs, working with the starting 

material for the synthesis of isogramine, di-

methylamino acetotoluidide. Pharmaceutical 

tests of these compounds were performed in 

von Euler-Chelpin’s laboratory with the as-

sistance of his son, Ulf von Euler (1905–

1983, Nobel Prize winner in 1970 for the dis-

covery of noradrenalin and prostaglandins). 

None of the compounds was considered able 

to compete with procaine, and the investiga-

tions were discontinued. 

Discovery of a Potent Anesthetic, Initially 

Labeled LL30 

After some years, Lӧfgren continued the in-

terrupted work. Early in 1943, he gave one 

compound to his assistant, Bengt Lundqvist 

(1922–1953), who, in self-experiments, 

found it was active and had a longer duration 

of action than procaine. It was originally la-

beled LL30 after the initials of the two main 

coworkers. It differed from one of the com-

pounds prepared by Erdtman and Lӧfgren 

only by the addition of an extra methyl group 

in the 6 position of the benzene ring(76).” 

AMINOSALICYLIC ACID 

1948 

“Because sodium salicylate (o- hydroxyben-

zoate) and sodium benzoate increased the ox-

ygen uptake of tubercle bacilli, Lehman, a 

master of competitive inhibition who discov-

ered the antagonism between dicoumarol and 

vitamin K, postulated that antagonists of sa-

licylate and benzoate should decrease the ox-

ygen uptake and have an antituberculosis ac-

tivity. Synthesized in 1943 by K.G. Rosdahl 

in Sweden, PAS demonstrated antituberculo-

sis activity in guinea pigs and in the first 20 

patients who received 10– 15 g/day in Swe-

den(77)” 

PHENIRAMINE 

1948 

Analogue of diphenhydramine(21) 

THONZYLAMINE 

1948 

Analogue of diphenhydramine  

DOXYLAMINE 

1948 

Analogue of diphenhydramine(21) 

POLYSORBATE 80 

1949 
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“Polysorbate 80 is a nonionic surfactant and 

emulsifier often used in foods and cosmet-

ics(1).” 

CHLORPHENIRAMINE 

1949 

Analogue of diphenhydramine(21) 

CHLORCYCLIZINE 

1949 

Analogue of diphenhydramine 

 

PROPYLHEXEDRINE 

1949 

Analogue of methamphetamine 

“Propylhexedrine is a cycloalkylamine struc-

turally similar to methamphetamine, the pri-

mary difference being the salicylic 

cyclohexyl group is present in lieu of an am-

phetamine’s aromatic phenyl group. Like its 

amphetamine cousins, propylhexedrine is a 

chiral compound such that two stereoisomers 

are possible. The levorotatory isomer is the 

more active releaser of norepinephrine and 

dopamine in the central nervous system, and 

currently levopropylhexedrine is in fact syn-

thesized from dextromethamphetamine. The 

propylhexedrine contained in the Benzedrex 

inhalers is racemic D, L-propylhexedrine. 

Though the exact mechanism of action is un-

known, propylhexedrine indirectly stimulates 

an adrenergic receptors of the sympathetic 

nervous system and exerts a minor stimulant 

effect on b adrenergic receptors(78).” 

MECHLORETHAMINE 

1949 

“During World War II, naval personnel who 

were exposed to mustard gas during military 

action were found to have toxic changes in 

the bone marrow cells that develop into blood 

cells. During that same period, the US Army 

was studying a number of chemicals related 

to mustard gas to develop more effective 

agents for war and also develop protective 

measures. In the course of that work, a com-

pound called nitrogen mustard was studied 

and found to work against a cancer of the 

lymph nodes called lymphoma(79).” 

“Nitrogen mustards were first synthesized in 

the 1930s. These compounds were modifica-

tions of sulfur mustard and were found to 

have greater systemic toxicity than sulfur 

mustard. Particularly potent was the effect of 

nitrogen mustard on cells that are actively 

proliferating, including the lymphoid tissue, 

bone marrow, and certain cells lining the gas-

trointestinal tract. During WWII, the Com-

mittee on the Treatment of Gas Casualties au-

thorized a contract between the Office of Sci-

entific Research and Development and Yale 

University. Under this contract, Louis C. 

Goodman headed a group that was responsi-

ble for the study of the pharmacologic effects 
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of nitrogen mustards. The group, including 

Alfred Gilman, Frederick Philips, and Rob-

erta Allen, focused its efforts on the study of 

the cytotoxic properties of nitrogen mustard. 

Enlisting the help of anatomist Thomas 

Dougherty, the group expanded its work to 

examine the effect of nitrogen mustard on ex-

perimental tumor cells in mice. It was found, 

but not published until later, that systemic ad-

ministration of nitrogen mustard caused dra-

matic regression of these mouse tumors. 

These data formed the experimental basis of 

the first clinical trials of nitrogen mustard as 

a cancer chemotherapy agent(80).” 

CROTAMITON 

1949 

“Domenjoz reported on the parasiticidal ac-

tion of a new synthetic compound, N-ethyl-

o-crotono-toluidide. The antiparasitic action 

of this chemical was discovered during a sys-

tematic investigation of more than 1100 

newly synthesized compounds which were 

initially tested on Psoroptes cuniculi, the 

cause of scabies in rabbits. […] 

In the original investigations of Domenjoz 

and his associates, N-ethyl-o-crotono-tolui-

dide proved to be relatively nontoxic and 

nonirritating to rabbits, guinea pigs, rats, and 

mice, with similar results later in man. […] 

The scabicidal action of N-ethyl-o-crotono-

toluidide was demonstrated by its lethal ac-

tion in concentrations of 5 and 10 per cent on 

Psoroptes cuniculi within 10 minutes after 

exposure, while a 2 per cent concentration 

killed this organism in 10 to 30 minutes. 

Comparative studies with other scabicides, 

including benzyl benzoate, showed N-ethyl-

o-crotono-toluidide to be superior to these in 

its lethal action on Psoroptes cuniculi. Stud-

ies on the bacteriostatic effect of this sub-

stance on staphylococci and streptococci 

shows it to be definitely inhibitory to the 

growth of these microorganisms, but not to E. 

coli(81).” 

I could not find the discovery paper: PMID: 

20296711 

DICYLOMINE HYDROCHLORIDE 

1950 

“Dicyclomine was evaluated and compared 

with atropine for its effect on dose-response 

curves of ACh, bradykinin, and histamine 

which were obtained by the cumulative dose-

response technique in the isolated guinea-pig 

ileum(82).” 

From the earliest paper reporting the anti-

spasmodic activity of the structure: 

“In the search for new compounds having an-

tispasmodic and antihistamine activity, a se-

ries of aminoesters of substituted cycloalkan-

ecarboxylic acids was investigated. The sub-

stituents attached to the ring were aryl, 

aralkyl, and cyclo-alkyl. All of these ami-

noesters are new compounds except β-di-

ethylaminoethyl 1-pheriylcyclohexanecar-

boxylate which has been reported recently.  

[…] 

The pharmacological activities of the com-

pounds of this study are listed in Table I. The 

most active compounds are 1-substituted cy-

clo- alkanecarboxylates having 4-6 carbon at-

oms in the alicyclic ring. Further substitution 

by a methyl group in the 2-position decreases 

activity; however, a methyl group in the 3-

position of the cyclobutane derivative en-

hances activity(83).” 

The reported activity indexes in Table I(83): 

✓ “Dilutions in million parts of water that 

gave a minimal but definite relaxation of 

the normal isolated rabbit jejunum.” 

✓ “Dilutions in million parts of water that 

gave complete relief of spasm on isolated 

rabbit jejunum induced by a 1 to 1 million 

concentration of acetyl choline.” 

✓ Dilutions in million parts of water that 

gave complete relief of spasm on isolated 
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rabbit jejunum caused by a 1 to 10 thou-

sand concentration of barium chloride. 

✓ Minimal dose of test compound neces-

sary to antagonize 0.1 γ/cc. of histamine 

diphosphate on isolated guinea pig intes-

tine. 

SODIUM COPPER CHLOROPHYLLIN 

1950 

“Chlorophyllin is a water soluble derivative 

of chlorophyll. It has chemopreventive prop-

erties and forms a non-covalent complex with 

many mutagenic/carcinogenic mole-

cules(1).” 

METHIMAZOLE 

1950 

Analogue of propylthiouracil 

SULFASALAZINE 

1950 

From the discoverer(s)(84): 

“For about four years I have been engaged in 

experiments on the treatment of rheumatic 

polyarthritis with combinations of sulfanila-

mide and salicyl preparations. As I have sev-

eral times pointed out, the earlier known sul-

fanilamide preparations are active in the so-

called septic forms of arthritis, but not in the 

common rheumatic forms. 

At first my experiments concerned the ques-

tion of whether medication with both salicyl 

and sulfanilamide preparations at the same 

time affects rheumatic polyarthritis. These 

experiments yielded no tangible results, how-

ever. 

The nest phase in the series of investigations 

consisted of attempts to produce chemical 

compounds between salicyl preparations on 

the one hand and sulfanilamide or sulfa-

pyridine on the other. These experiments 

were first conducted by the writer alone, but 

later in collaboration with A. B. Pharmacia, 

where the chemists, Civil Engineer E. 

Askelof and Dr. Phil. H. Willstaedt produced 

different combinations of salicyl and sulfanil-

amide preparations for the later investiga-

tions. One of these preparations, salicy-

lazosulfapyridine or acidum p- (benzol-

sulfonyl-[amino- a-pyridine1)-azo-salicyli-

cum, was found to possess remarkable quali-

ties. It is now in the market under the name 

salazopyrin(85).” 

OXYTETRACYCLINE  

1950 

Analogue of chlortetracycline 

CHLORAMPHENICOL 

1950 

From the discovery paper(86): 

“From a soil sample collected in a mulched 

field near Caracas, Venezuela, a Streptomy-

ces sp. was isolated. Agar streak cultures 

were found to inhibit adjacent inocula of Ba-

cillus mycoides, B. subtilis, Mycobacterium 

tulerculosis var. hominis (ATCC 607 and 

H37Rv), Staphylococcus aureus, 
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Streptococcus, pyogenes, Brucella abortus, 

Escherichia coli, Klebsiella pneumoniae, 

Salmonella schottmuelleri, and Shigella 

paradysenteriae (Sonne). When the organism 

was grown in liquid media in shaken flasks, 

filtrates of these submerged aerated cultures 

proved to possess marked antibacterial activ-

ity in broth-dilution assays against several 

gram-negative bacteria, notably S. 

paradysenteriae (Sonne), and indications of 

antirickettsial activity. From these filtrates a 

crystalline antibiotic has been isolated(87)” 

ACETAMINOPHEN 

1950 

“1. Discovery by error and serendipity 

1.1 Acetanilide 

In 1884, an important discovery took place in 

Strasbourg. At that time, the medical clinic of 

Strasbourg was headed by the famous profes-

sor Adolf Kussmaul. Two young assistants, 

A. Cahn and P. Hepp, asked his advice on 

how to treat a patient who suffered from 

many ailments, among those fever and worm 

infestation. Kussmaul suggested to try naph-

thalene, which had been recommended as an 

intestinal antiseptic. The two young physi-

cians followed the advice and were disap-

pointed by the result – most ailments re-

mained, including the worms. Much to their 

surprise, they observed, however, that the fe-

ver of the patient fell shortly after the admin-

istration of the putative naphthalene. The two 

physicians wondered why the antipyretic ef-

fect had not been described before. Research-

ing the source of the ‘naphthalene’, they 

learnt that (the local) pharmacy had provided 

them with acetanilide instead of naphthalene 

– an error with long-lasting consequences! 

Consequently, Cahn and Hepp tested acetan-

ilide in rabbits and dogs (at that time, an ani-

mal ethics request was not needed). They ob-

served reliable but short-lasting antipyretic 

activity. Both species did not suffer from 

(visible, acute) toxicity. The young 

physicians then dared to try acetanilide in 24 

patients (certainly without informed con-

sent). They were excited as all of them 

showed a reduction of fever.  […] 

1.2 Phenacetin 

It is to be credited to O. Hinsberg (1913) to 

have synthesized phenacetin. Together with a 

pharmacologist from Freiburg, A. Kast, he 

showed that the new compound worked as 

acetanilide but was less toxic. […] 

Bayer and other companies tried to find more 

drugs with an even better effect/side-effect 

profile; one was paracetamol (synthesized by 

Bayer). From the beginning, it was suspected 

to be a metabolite of phenacetin(88).” 

OXYCODONE 

1950 

Analogue of morphine(21) 

NOREPINEPHRINE 

1950 

Analogue of epinephrine 

MANNITOL 

1950 

“Mannitol is an osmotic diuretic that is meta-

bolically inert in humans and occurs natu-

rally, as a sugar or sugar alcohol, in fruits and 

vegetables. Mannitol elevates blood plasma 

osmolality, resulting in enhanced flow of wa-

ter from tissues, including the brain and cer-

ebrospinal fluid, into interstitial fluid and 

plasma(2).” 

CORTICOTROPIN 
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1950 

Endogenous-based biopharmaceutical 

DROXIDOPA 

1950 

Analogue of epinephrine 

CORTISONE 

1950 

“During World War II, it was believed that 

German pilots were enabled to fly at higher 

altitudes and for longer periods without oxy-

gen supplementation than the Allied airmen 

because they had been conditioned for higher 

performance by injections of adrenal ex-

tracts. This ‘rumour’ subsequently proved ill-

founded but it did stimulate a massive effort 

by a consortium of American chemists to 

synthesise active principles from these 

glands. The biological test for efficacy was 

improvement in the work capacity of rats 

compromised by adrenalectomy. The princi-

ple active steroid in this bioassay was corti-

sone, 17α21-dihyroxypregn-4-ene,3,11,20-

trione. Paradoxically, this particular hormone 

is not synthesised by the rat adrenal and it is 

actually inactive until the 11-keto group is 

stereospecifically reduced to the 11β-ol, cor-

tisol, (hydrocortisone) in vivo. 

Cortisol is the principal steroid secreted by 

the human adrenal cortex: in rats it is corti-

costerone, 17-desoxycortisol. The first major 

synthesis of cortisone required desoxycholic 

acid from ox bile as the starting material and 

a complex series of reactions to remove the 

12-hydroxy group and insert the 11-keto 

function. The overall yield in this first com-

mercial 30-step synthesis by Merck & Co 

was approximately 0.2 per cent. However 

this was sufficient for Hench to initiate clini-

cal trials in 1948 at the Mayo Clinic for treat-

ing rheumatoid arthritis. This breakthrough 

in therapeutics was rapidly recognised in 

1950 by the award of the Nobel Prize for 

Physiology or Medicine to Hench, E.C. Ken-

dall and also T. Reichstein for his pioneering 

studies of adrenal steroids. […] 

Ironically the two primary tests for detecting 

anti-inflammatory activity in young rats were 

de facto toxicity studies involving measure-

ments of (i) involution (shrinkage) of the thy-

mus gland, a key component of the immune 

system; and (ii) reduction of granuloma for-

mation (a type of scar tissue) around im-

planted foreign objects e.g. small pieces of 

plastic sponge or even lengths of string! 

These bioassays were deceptively simple and 

only involved weighing the thymus or im-

planted tissue from groups of untreated ani-

mals, for comparison with the reduced thy-

mus mass or granulomae in steroid-dosed 

rats(89).” 

But how adrenal gland extracts were discov-

ered to have therapeutic effects on rheuma-

tism? 

From 1949 article of two of the discoverers, 

Philip Hench and Edward Kendall: 

“Since 1929 one of us (Hench, 1933, 1934, 

1935, 1938a, b, c, 1940, 1949) has studied the 

beneficial effects of pregnancy and jaundice 

on rheumatoid arthritis. Results of these and 

other studies led us to the following conclu-

sions. Even though the pathologic anatomy of 

rheumatoid arthritis is more or less irreversi-

ble, the pathologic physiology of the disease 

is potentially reversible, sometimes dramati-

cally so. Within every rheumatoid patient 

corrective forces lie dormant, awaiting 

proper stimulation. Therefore, the disease is 

not necessarily a relentless condition for 

which no satisfactory method of control 

https://drugs.ncats.io/drug/J7A92W69L7
https://drugs.ncats.io/drug/V27W9254FZ


48 

 

should be expected. The inherent reversibil-

ity of rheumatoid arthritis is activated more 

effectively by the intercurrence of jaundice or 

pregnancy than by any other condition or 

agent thus far known. Regardless of the sup-

posed ‘validity’ of the microbic theory, rheu-

matoid arthritis can be profoundly influenced 

by phenomena which are primarily biochem-

ical. 

It became increasingly difficult to harmonize 

the microbic theory of the origin of rheuma-

toid arthritis with the phenomenon of relief of 

the disease by jaundice or pregnancy. It be-

came easier, rather, to consider that rheuma-

toid arthritis may represent, not a microbic 

disease, but some basic biochemical disturb-

ance which is transiently corrected by some 

incidental biologic change common to a 

number of apparently unrelated events. It 

seemed logical to suppose that what causes 

relief of rheumatoid arthritis in pregnancy is 

closely related to, if not identical with, that 

which relieves the same disease in jaundice; 

if so, it could be neither hyperbilirubinaemia 

nor a unisexual (female) hormone since nei-

ther of these is common to both pregnancy 

and jaundice. It was believed that the discov-

ery of some biochemical denominator com-

mon to various agents or states beneficial in 

rheumatoid arthritis, but common especially 

to jaundice and pregnancy, would provide us 

with an improved treatment or control of the 

disease. 

Finally, it was conjectured that the hypothetic 

common denominator or ‘antirheumatic sub-

stance X’ was not a disintegration product 

from a damaged liver, but probably was a bi-

ologic compound specific in nature and func-

tion, a compound which was normal to the 

human organism (Hench, 1935, 1949). But if 

this was true, we had no certain clue as to its 

chemical nature or the organ of its origin. 

In an attempt to reproduce the effects of jaun-

dice or pregnancy we and others used more 

or less empirically, many agents and 

measures, some related to jaundice, some to 

pregnancy. These included the transfusion of 

blood from jaundiced or pregnant donors, the 

administration of female hormones and vari-

ous biliary products, the production of exper-

imental hyperbilirubinaemia and of induced 

jaundice by means of toluylene diamine, ic-

terogenic serum, or lactophenin. The latter 

two agents produced articular remissions, but 

the mechanism of relief was not apparent. 

In time we conjectured that the antirheumatic 

substance X might be an adrenal hormone. 

This conjecture was strengthened by the 

knowledge that temporary remissions of 

rheumatoid arthritis are frequently induced 

by procedures which are now known to be ca-

pable of stimulating the adrenal cortices, such 

as general anaesthesia or surgical operation. 

In 1938 we administered to several rheuma-

toid volunteers lecithin separated from the 

adrenal gland, not as an adrenal product per 

se, but in an attempt to induce hyperlipaemia 

such as may occur in association with preg-

nancy and jaundice. In January 1941 we rec-

orded our interest in adrenal cortical fractions 

in general and in Kendall’s compound E in 

particular, and we used briefly Kendall’s cor-

tical extract(90).” 

From an earlier paper of one of the discover-

ers, Philip Hench: 

“When patients with rheumatoid (atrophic, 

chronic infectious) arthritis or with primary 

fibrositis become definitely jaundiced a nota-

ble event usually occurs: their rheumatic 

symptoms are rapidly, markedly, and gener-

ally completely alleviated for some weeks or 

months. My first observations on this phe-

nomenon were reported in 1933 and later. 

This phenomenon was unmentioned in the 

modern literature on rheumatic diseases, but 

was casually noted by Still in 1897, by 

Wishart in 1903, and in three recent discus-

sions, not on arthritis but on cinchophen tox-

icity. More recently further observations on 

the phenomenon were reported by Sidel and 
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Abrams (1934), and by Borman (1936)(91).” 

From the earliest article mentioning the rela-

tionship, published in 1896: 

“Curiously enough, some accidental compli-

cations have been followed by marked im-

provement; thus I have known measles, scar-

let fever, and catarrhal jaundice, to be each 

followed by distinct improvement of the joint 

symptoms(92).” 

PROCAINAMIDE 

1950 

Analogue of lidocaine 

SORBITOL 

1950 

Isomer of mannitol: Only the orientation of 

the second carbon’s hydroxyl is different. 

LINDANE 

1951 

“Benzene hexachloride, more accurately de-

scribed as hexachlorocyclohexane, was prob-

ably first made by Michael Faraday in 1825 

by bubbling chlorine through benzene in sun-

light, which gave what he described as ‘a te-

nacious triple compound of chlorine, carbon 

and hydrogen’.  […] 

Samples of BHC were sent to Hawthorndale 

in the mid-1930s. The earliest record of any 

tests on BHC at Jealott’s Hill appears to be in 

an internal report issued in March 1937 

which records the results of a test for repel-

lency to clothes moths. This was a multiple-

choice type of test, in which the BHC-treated 

samples of cloth showed no repellent activity 

as measured by the number of moth eggs laid 

on the treated samples. It was noted, how-

ever, that all the adult moths were killed by 

exposure to the batch of test substances, any 

of which could have been responsible in this 

type of experiment. BHC, sample No. PC 

135, next appears in work reported by F J D 

Thomas and G H Stock. 

Issued in July 1942, this report gathers to-

gether the results of insecticide screening test 

on some 75 different chemical samples, as 

part of a programme seeking possible substi-

tutes for derris, imports, of which were be-

coming difficult due to war conditions and 

the Japanese occupation of Malaya. Pesticide 

chemistry was then in its infancy, and there 

was a tendency for those at Widnes to regard 

the pesticide tests at Hawthorndale which no 

other use could be envisaged. Thomas re-

membered some of the earlier materials in 

this context and requested various samples 

from Widnes; BHC was included in the sam-

ples sent because, according to Tanner, ‘there 

was a lot of it in the Widnes store’. Thomas 

and Stock included in their tests two different 

samples and five formulations of BHC as 

dusts or sprays. The test species were various 

caterpillars and aphids, together with locusts 

and red spider-mites. They were treated in the 

laboratory. On small potted plants or on de-

tached shoots or leaves, by dusting with a 

hand dust-gun or by spraying with a hand-

held atomiser spray. BHC killed high propor-

tions of most of the insects in the test, and the 

report concludes that it ‘possesses considera-

ble toxicity to many species of aphids and 

caterpillars and also to locusts. Against red 

spider it appears less promising’. 

Results of the initial screening tests had been 

made known to Plant Protection Ltd at 

Yalding, and a report by Ordish, also issued 

in July 1942, summarised a series of field ex-

periments in Kent against raspberry beetle 

(Byturus tomentosus) and caterpillars on 

raspberry and cultivated blackberry, against 
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flea beetles (Phyllotreta spp) on swedes and 

turnips and against aphids on hops, which 

fully confirmed the promise of the laboratory 

experiments.  […] 

There is also a US patent filed in July 1933 

by H Bender, whose work appears to have 

been concerned primarily with uses for chlo-

rine. Bender chlorinated benzene in sunlight 

by adding benzene a little at a time to liquid 

chlorine, the operation being conducted, in 

the absence of suitable fume-cupboard space, 

in the middle of a field. He noted that the 

white crystalline product of this reaction 

killed flies and bees when left around ex-

posed, and on this basis claimed insecticidal 

activity in the patent(93).” 

HYDROCORTISONE 

1951 

Analogue of cortisone 

NEOMYCIN 

1951 

Analogue of streptomycin 

PROBENECID 

1951 

“Probenecid, p-(di-n-propylsulfamyl)-ben-

zoic acid, was initially known as Benemid 

(brand name) and was synthesized by Miller 

et al. (1949). It was first introduced by Beyer 

et al. in the Federation Proceedings for the 

explicit purpose of decreasing the renal clear-

ance of penicillin. It was initially studied be-

cause of its similarity to drugs that were de-

veloped during the second world war includ-

ing carinamide, diodrast, benzoic acid, so-

dium benzoate, and para-aminohippuric acid 

(PAH). These had been proven to increase se-

rum levels of penicillin and para-aminosali-

cylic acid (PAS), but their clinical application 

was limited due to undesirable side effects, or 

the need to be administered via constant in-

travenous drip or at extremely high oral 

doses. A lower dose of probenecid was found 

to be as effective as carinamide and was used 

as adjunct therapy with penicillin. Subse-

quent studies revealed that probenecid was 

also effective in enhancing the retention of 

other antibiotics as well. 

These early studies also led to the serendipi-

tous finding that both carinamide and pro-

benecid enhanced the renal excretion of urate 

by inhibiting its tubular reabsorption. Clini-

cal studies confirmed probenecid’s effective-

ness in decreasing serum uric acid levels and 

improving symptoms in patients with gout, 

and quickly became the standard of ther-

apy(94).” 

POLYMYXIN B 

1951 

The first polymyxin antibiotic reported is 

polymyxin A, reported in 1947(95). From the 

discovery paper of polymyxin A: 

“A BACTERIUM isolated from the soil of a 

market garden in Surrey during February 

1946 and afterwards from a Yorkshire soil 

and from the air has been found to produce an 
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antibiotic of possible therapeutic importance 

for which, as it appears to be hitherto un-

described, the name ‘Aerosporin’ is pro-

posed. […] 

aerosporin is active against Gram-negative 

organisms, and the routine method for its as-

say has been a dilution method using Esche-

richia coli as the test organism. Two variants 

of the test have boon used. In one the tests are 

read after approximately three hours incuba-

tion at 37°C.; in the other, after incubation 

overnight at 28°C(96).” 

PROMETHAZINE 

1951 

Analogue of diphenhydramine(21) 

DISULFIRAM 

1951 

“The Nobel Laureate Dr. Albert Szent-Gyor-

gyi stated that ‘discovery is said to be an ac-

cident meeting a prepared mind.’ The story 

of disulfiram illustrates the fantastic journey 

of a molecule from being discovered acci-

dentally, going into obscurity due to lack of 

indications, bounced back due to the bravado 

of a few determined researchers and stood the 

test of time. 

The first reports of synthesis of disulfiram as 

a compound dates back to 1881 when a Ger-

man Chemist M. Grodzki synthesized it like 

many of other newer compounds during that 

time. The then apparently insignificant dis-

covery made it back to the limelight by find-

ing its use in rubber industry in order to has-

ten vulcanization. It was here that the 

watchful eyes of E. E. Williams caught the 

distress among the workers involved in the 

processing of the substances after ingesting 

alcohol. 

However, the lead character of the disulfiram 

story was Dr. Erik Jacobsen (1903-1985) 

who was a Professor of Pharmacology at the 

University of Copenhagen. In the 1940s, he 

along with Dr. Jens Hald started working on 

the copper metabolism of the intestinal para-

sites, which is the prime metal in the respira-

tory pigment in the helminthes. They discov-

ered that disulfiram could form chelates with 

copper leading to the death of the organisms. 

During these years Dr. Jacobsen assumed the 

post of head of the Biochemistry Laboratory 

of a Danish Pharmaceutical Company Medic-

inal Co. Inc., which took an immediate inter-

est in these results. At that time, courtesy of 

the damage due to the Second World War, 

Scabies and intestinal worm infections were 

major public health problems and thus, disul-

firam was rapidly hoisted to the peak of pop-

ularity. 

Then came the positive results of its vermi-

cidal action in rabbits, and Dr. Jacobsen, with 

a habit of trying out the new drugs on himself, 

decided to expose himself to disulfiram. Very 

quickly, he could realize that ‘disulfiram tab-

lets really changed the effect of alcohol in a 

most unpleasant direction.’ When similar re-

sults also came from his partner Dr. Hald, 

they thought of using the substance in treat-

ing patients with alcohol use disorder. How-

ever, the idea received lukewarm interest be-

cause alcohol dependence was not considered 

to be a big enough problem!(97)” 

SELENIUM SULFIDE 

1951 

IODIDE ION I-131 

1951 

PRIMAQUINE 

1952 
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Analogue of chloroquine 

ISONIAZID 

1952 

From the discoverer(s): 

“In 1951 it was demonstrated simultaneously 

and independently in 3 different laboratories 

that a remarkably simple chemical com-

pound, isoniazid, first synthesized some 40 

years previously, had a high degree of an-

tituberculous activity in the test tube and in 

laboratory animals(98).” 

SUCCINYLCHOLINE 

1952 

“The history of neuromuscular blocking 

agents starts with curare, a substance which 

Koelle calls ‘a drug with a long and romantic 

history’. Curare, a complex group of compet-

itive neuromuscular blocking agents, has 

been used for centuries to kill wild animals 

by tribes in South America, Borneo, and 

other aboriginal cultures. It is prepared as a 

crude extract of one or more of a variety of 

plants. […] 

Curare was known to western medicine in the 

nineteenth century. […] 

Modern clinical use of curare began in 1932, 

when Ranyard West employed curare-based 

preparations in the treatment of tetanus and 

spastic disorders. However, it was the intro-

duction of electric shock therapy (ECT) for 

the treatment of depressive illness that was to 

provide the main impetus for curare’s wide-

spread use. Indeed, the entire ECT technique 

would have been abandoned had not an 

American psychiatrist, Abram Elting Ben-

nett, advanced the idea of using curare to 

block neuromuscular transmission, thus pre-

venting the disturbing occurrence of fractures 

and dislocations due to massive contraction 

of skeletal muscles during treatment(99).” 

ERYTHROMYCIN 

1952 

“The first macrolide antibiotic was isolated 

from a Streptomyces strain in 1950 and was 

named pikromycin due to its bitter 

taste(100).” 

From the discovery paper of pikromycin 

cited in the previous quotation: 

“Zur Isolierung des Antibioticums wurde der 

Stamm 326 im Submers-Ver-fahren mit 

Glycerin und Glykokoll als Kohlenstoff- 

bzw. Stickstoff- Quelle kultiviert, wobei die 

gegen Staphylococcus aureus getestete anti-

biotische Wirksamkeit der Nahrlosung nach 

6-8 Tagen ihr Optimum erreichte(100).” 

Translation from Google Translate: 

“To isolate the antibiotic, strain 326 was cul-

tivated in the submerged method with glycer-

ine and glycocoll as a carbon or nitrogen 

source, the antibiotic effectiveness of the nu-

trient solution tested against Staphylococcus 

aureus after 6-8 days reached opti-

mum(100).” 

CYCLOSERINE 

1952 

“During the laboratory investigation of this 

drug there developed a discrepancy between 
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its relatively weak in vitro antibiotic activity 

and its virtual ineffectiveness in treatment of 

induced disease in animals, especially as re-

gards tuberculosis. However, cycloserine has 

been shown to have rather satisfactory clini-

cal activity in tuberculosis, and in a variety of 

urinary infections.” 

From its patent: 

“This new antibiotic is formed during the cul-

tivation under controlled conditions of a 

novel strain of the known species of microor-

ganism, Streptomyces levendulae. This strain 

which we have isolated from soil, and which 

we designate as culture number 8197-20, ap-

pears to be very similar in cultural character-

istics to a strain of S. lavendulae obtained 

from Dr. Selman Waksman  […] 

Cycloserine shows considerable activity 

against a number of different gram-negative 

and gram-positive micro-organisms, and no-

tably against the mycobacteria. It is effective 

in human therapy for bacterial infections and 

tuberculosis. With certain other microorgan-

isms, such as Monilia albicans and Tri-

chophyton gypseum, its activity has not yet 

been proven in therapy. It has unusually low 

toxicity as an advantageous accompaniment 

to its generally high activity. For instance, 

100 mg. of the crude preparation described in 

the table below may be injected(101).” 

LEVOLEUCOVORIN 

1952 

Analogue of folic acid and methotrexate(2) 

See the methotrexate entry. 

PHENTOLAMINE 

1952 

From the first published report (as sympath-

icolytic 7337)(102, 103): 

“The series of aromatic imidazolines which 

have been investigated for about ten years in 

our laboratories has offered special possibili-

ties for the systematic variation of pharmaco-

logical effects. This is due to the fact that, in 

this group, substances are found with a spe-

cific effect in several directions(104).” 

Bioassays reported for the series in this pa-

per(104): 

✓ Toxicity (LD50) in Rabbit 

✓ Spasmolysis histamine test in Guinea pig 

✓ Protection in vitro Schultz-Dale 

✓ Protection of Guinea pig against anaphy-

lactic death 

✓ Number of lethal IV histamine doses (20 

mg/kg.cc in Guinea pig 

✓ Comparison of the pressor effect, respira-

tion, and blood pressure of adrenaline and 

Privine, before and after the test com-

pound 

✓ “Effect of pretreatment with Priscol and 

sympathicolytic imidazoline 7337 on the 

adrenaline effect on blood pressure and 

the perfusion of different arterial areas on 

the cat. 1-blood pressure of the carotid ar-

tery; 2-perfusion pf the mesenteric artery; 

3-perfusion of the renal artery; 4-perfu-

sion of the femoral artery” 

✓ “action of a series of substances with spe-

cific and nonspecific effect on”: 

▪ “perfused isolated blood vessels 

of the rabbit” 

▪ “the seminal vesicle and the iso-

lated intestine of the guinea pig” 

✓ antagonistic effect of different drugs to 

adrenaline on different test objects: 
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▪ “antagonistic effect on isolated 

pefused hindleg of the rabbit (in-

hibition of adrenaline contrac-

tion)” 

▪ “antagonistic effect on isolated 

seminal vesicles of the guinea 

pig” 

✓ “antagonistic effect of different drugs to 

histamine on the isolated intestine of the 

guinea pig” 

✓ “antagonistic effect of different drugs to 

acetylcholine on the isolated intestine of 

the guinea pig” 

PROPANTHELINE 

1953 

Analogue of scopolamine 

METHSCOPOLAMINE 

1953 

Analogue of scopolamine 

NITROFURANTOIN 

1953 

Not found 

PRAMOXINE 

1953 

From the discovery paper: 

“Sixty-four 4-morpholinylalkyl aryl ethers 

have been prepared and tested for local anes-

thetic activity. The method of synthesis has 

been described in previous papers. The com-

pound 4-n-butoxyphenyl -y-4’-mor-

pholinylpropyl ether seems to combine max-

imum anesthetic efficiency with minimum 

toxicity. […] 

Replacement of the ethoxy group of com-

pound 3 with methoxy in compound 7 re-

duced the anesthetic activity but did not 

change the toxicity. Shifting of the propenyl 

group from position five to four reduced ac-

tivity practically to zero (compound 14). In 

compound 12, the propenyl group has been 

replaced with allyl and shifted to position 

four with no change in activity. The 4-phenyl 

derivative, 9, and the 4-butoxy derivative, 6, 

seemed to give maximum topical anesthetic 

activity and minimum toxicity(105).” 

BENOXINATE 

1953 

Analogue of pramoxine 

ERGOLOIDS 

1953 

Not found 

EDETATE CALCIUM DISODIUM 

1953 

Chelating agent 
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METHOTREXATE 

1953 

Analogue of folic acid 

“Sidney Farber, a pathologist at Boston's 

Children’s Hospital, with an interest in the 

treatment of childhood leukemia, was aware 

of a medical tragedy that had occurred in 

New York. In the early 1940s cancer re-

searchers at Mount Sinai Hospital in New 

York were involved in an extensive screening 

program to find compounds that could cause 

regression of tumors. They were aware of the 

work of Subbarow on the liver extract that 

was used for extracting folic acid and pur-

portedly contained folic acid. However, when 

given intravenously to tumor‐carrying mice 

this preparation inhibited the tumor cells. 

This observation was perplexing and contrary 

to the hypothesis that starving the tumor cells 

for folic acid would lead to suppression of 

cell growth. The workers were unaware that 

the preparation that they had given to mice 

had contained a slightly different compound 

that was an antagonist of folic acid and led to 

the deprivation of folic acid for tumor cells, 

disrupting their DNA synthesis, causing tu-

mor regression. Erroneously they believed 

that folic acid was the cause of tumor regres-

sion. By then, Subbarow at Lederle had al-

ready synthesized various forms of folic acid. 

Farber and colleagues quickly organizsed its 

clinical trials in patients with advanced can-

cer and leukemia with the hope of curing 

them. The results were devastating. There 

was massively accelerated growth of the 

tumor cells, a situation that Farber called ‘ac-

celeration phenomenon’. However, Farber 

converted this tragedy into opportunity by 

clever thinking. If folic acid caused accelera-

tion of tumor growth, then depriving them of 

folic acid might arrest their growth, he ar-

gued. With much encouragement from Far-

ber, Subbarow and colleagues synthesised 

two important molecules namely, 4‐aminop-

teroylglutamic acid (aminopterin) and ame-

thopterin that competitively inhibited folic 

acid synthesis, a key molecule in the synthe-

sis of DNA and RNA. Farber used these com-

pounds successfully in treating childhood 

leukemia by ‘starving’ them of folic acid and 

thus disrupting the ‘synthesis phase’ of the 

rapidly dividing leukemic cells and published 

this landmark paper in the year 1948, the 

same year in which Subbarow passed away. 

This was one of the very first drugs to be de-

veloped as a cancer chemotherapy agent. 

However, the molecule aminopterin was ra-

ther unstable and difficult to synthesize. 

Therefore, its analogue amethopterin became 

the popular drug in clinical medicine. It was 

later re‐named methotrexate(106).” 

TETRACYCLINE 

1953 

Analogue of oxytetracycline(21) 

THONZONIUM 

1953 

“Thonzonium Bromide is a cationic surface-

active compound. As an additive to 
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pharmacologic formulations, thonzonium 

bromide causes dispersion and penetration of 

cellular debris and exudate, thereby promot-

ing tissue contact of the administered medi-

cation(1).” 

PROPARACAINE 

1953 

Analogue of pramoxine 

PHENOXYBENZAMINE 

1953 

Analogue of phentolamine 

LEVORPHANOL 

1953 

Analogue of morphine 

MONOFLUOROPHOSPHATE ION 

1953 

CARBINOXAMINE FUMARATE 

1953 

Analogue of diphenhydramine(21) 

LEVOTHYROXINE 

1953 

“Levothyroxine (T4) is a synthetically pre-

pared levo isomer of thyroxine, the major 

hormone secreted from the thyroid gland(1).” 

“San Si Miao (AD 623–682) from China first 

administered the organ extracts of deer and 

sheep thyroid to patients with goiter and ob-

served beneficial effects(56).” 

From a pioneering article published in 1981: 

“MIYXŒDEMA has until recently been con-

sidered an incurable disease. Since the pa-

thology of this remarkable condition, how-

ever, has become more fully understood, 

hopes of the possibility of greatly relieving 

the symptoms, if not of curing the disease en-

tirely, have been entertained. The observa-

tions of the symptoms which followed the re-

moval of the thyroid gland in man made by 

Professor Kocher, of Berne, and the results of 

the experimental removal of the gland in 

monkeys obtained by Mr. Victor Horsley 

have firmly established the view that this dis-

ease is due to the loss of function of the thy-

roid gland. It was found by Dr. von Eisels-

berg that if the thyroid gland was successfully 

transplanted from the neck of an animal to 

some other part of the body, it was capable of 

continuing its functions, and so preventing 

the onset of the symptoms which would oth-

erwise have followed its removal from the 
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neck. Mr. Horsley then suggested that graft-

ing a healthy sheep’s thyroid gland into a pa-

tient suffering from myxœdema should be 

tried as a means of arresting the progress of 

the disease. This suggestion has since been 

carried out. Bettencourt and Serrano, of Lis-

bon, introduced one half of the thyroid gland 

of a sheep beneath the skin of the infram-

ammary region on each side in a woman of 

36, suffering from myxœdema. The operation 

was followed by an immediate improvement. 

[…] authors considered that as the improve-

ment commenced the day after the operation, 

it could not be due to the gland becoming vas-

cularised and so functional, but suggested 

that it was due to the absorption of the juice 

of the healthy thyroid gland by the tissues of 

the patient. […] 

If we consider that myxœdema and cachexia 

strumipriva are due to the absence from the 

body of some substance which is present in 

the normal thyroid gland, and which is neces-

sary to maintain the body in health, it is at 

least rational treatment to supply that defi-

ciency as far as possible by injecting the ex-

tract of a healthy gland. G. Vessale has made 

intravenous injections of an extract of the 

thyroid gland in dogs after thyroidectomy 

with beneficial results. As far as I am aware 

this means of treatment has not before been 

tried in the human subject. Since suggesting 

this treatment at the February meeting of the 

Northumberland and Durham Medical Soci-

ety, I have been able to carry it out in a well-

marked case of myxœdema. Such decided 

improvement has resulted that the details of 

the method of treatment employed and the re-

sults obtained are worth recording(107).” 

“In 1895 Adolf Magnus-Levy (1865–1955) 

introduced the experimental method of deter-

mining thyroid disturbances. He fed dried an-

imal thyroids to normal men and made the 

fundamental observation that their metabolic 

rate was considerably increased. He also pro-

duced the first systematic study of the basal 

metabolism of normal individuals from 

childhood to old age and established that the 

function of the thyroid is to maintain the 

proper level of metabolism. The following 

year, Eugen Baumann (1846–1896) demon-

strated the presence of iodine in an organic 

compound, which he called “Thyrojodin” 

(iodothyrin), as a normal constituent of the 

thyroid. This substance was effective in re-

lieving the symptoms and signs of myxedema 

in patients with the spontaneous disease and 

in thyroidectomized animals. […] 

Studies on the chemistry of the thyroid gland 

prompted the extensive biochemical investi-

gations that led to Edwin Calvin Kendall’s 

(1886–1972) isolation of crystalline thyrox-

ine in 1914(108).” 

CYCLIZINE 

1953 

Analogue of diphenhydramine(109) 

MERCAPTOPURINE  

1953 

Discovered in the knowledge-based and sys-

tematic search of Hitchings, Elion and their 

colleagues for drugs against infections and 

cancers. This search was inspired by the suc-

cess of sulfonamide antimicrobials and 

mainly used the inhibition of the growth of 

bacteria like Lactobacillus casei or tumours 

as the screening assay(110-112). 

From the discoverer(s): 

“In studies of a large number of pyrimidine 

derivatives, we have found an inhibition of 

the growth of Lactobacillus casei with PGA 

in the absence of purine to be a property of 
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nearly all 2,4-diaminopyrimidines and their 

condensed systems(110)” 

From the discoverer(s): 

“The effects of some of the 6-substituted pu-

rine on Lactobacillus case; have been re-

ported. While 6-mercaptopurine inhibits 

growth, 6-methyl- aminopurine can satisfy 

the purine requirement of this microorgan-

ism. The biological activities of these purines 

on Sarcoma 180 will be reported else-

where(111).” 

“SINCE 1942 the relationship between the 

chemical structure of the purines and pyrim-

idines and their role in the biosynthesis of nu-

cleic acids has been undergoing systematic 

examination by Hitchings and co-workers. 

An experimental screening program for test-

ing compounds for antitumor activity has 

been in operation for the past seven years at 

the Sloan-Kettering Institute. Because of the 

importance of nucleic acids in normal and ab-

normal cell growth a cooperative project was 

set up between these two groups. The pur-

poses of this program were two fo1d: (1) to 

obtain fundamental knowledge of the roles of 

pyrimidine and purine bases in growth and of 

the part played by folic acid in the synthesis 

of these bases and (2) to uncover effective 

chemotherapeutic agents against neoplastic 

disease. 

Since qualitative differences had been 

demonstrated in the ability of various bacte-

rial and mammalian tissues to incorporate 

and utilize preformed purines and pyrim-

idines, it was postulated that purine and py-

rimidine antagonists might prove to be effec-

tive chemotherapeutic agents against neo-

plastic disease because of possible differ-

ences in the metabolism of neoplastic and 

normal tissue.” 

“The most effective of the purines and pyrim-

idine derivatives against transplanted mouse 

tumors thus far uncovered in the experi-

mental tumor screening program is 6-

mercaptopurine (6MP). This compound has 

also been given the proprietary name Purine-

thol. In microbiologic studies 6MP acts as a 

purine antagonist in the wild strain of L. ca-

sei, where its toxicity can be reversed by ad-

enine, guanine, xanthine, or hypoxanthine. 

The original studies on this compound 

against Sarcoma 180, reported by Clarke et 

al., demonstrated that it not only inhibited the 

growth of this tumor but also caused a signif-

icant percentage of the developed tumors to 

regress permanently(112).” 

From the discoverer(s): 

“It was the microorganism Lactobacillus ca-

sei upon which we mainly relied. This organ-

ism could grow on adenine, guanine, hypo-

xanthine, or xanthine, provided the pyrmi-

dine thymine was added. It could also synthe-

size purines and thymine, if given a source of 

folic acid in the form of liver powder. [The 

structure of folic acid was not elucidated until 

1946 by the Lederle group]. Hitchings and 

Falco had devised a screening test in which it 

was possible to determine whether a com-

pound could substitute for thymine or a natu-

ral purine or inhibit its utilization, and they 

could also determine whether a compound 

was a folic acid antagonist(113).” 

PYRIMETHAMINE 

1953 

It was also discovered by Hitchings and his 

team. 

From the discovery paper(71): 

“It was found by Hitchings, Elion, 

VanderWerff, and Falco (1948) that many 2: 

4-diaminopyrimidines are powerful antago-

nists of pteroylglutamic acid in cultures of 

Lactobacillus casei. The formal analogy be-

tween 2: 4-diamino-5-p-chlorophenoxypy-

rimi-dine and proguanil (‘Paludrine’), and 

the finding that proguanil was also an antag-

onist of pteroylglutamic acid, suggested that 

the pyrimidine compound might have 

https://drugs.ncats.io/drug/Z3614QOX8W
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antimalarial activity. 

A large number of derivatives of 2: 4-dia-

minopyrimidine substituted in the 5- and 6-

positions has now been prepared and tested 

against laboratory plasmodial infections. The 

results obtained upon 158 of these substances 

are recorded in the present paper. 

Preliminary ‘screening’ tests were carried out 

against blood-induced infections of Plasmo-

dium gallinaceum in chicks and P. berghei 

infections in mice. The more active sub-

stances were then assayed against standard 

antimalarials such as proguanil and quinine. 

Further tests were carried out with selected 

compounds against sporozoite-induced in-

fections of P. gallinaceum in chicks and 

against trophozoite and sporozoite infections 

of P. cynomolgi in monkeys. 

Acute and chronic toxicity tests and full phar-

macological investigations have been made 

with the more active compounds, and will 

form the substance of a separate report(114).” 

ACETAZOLAMIDE 

1953 

“The era of carbonic anhydrase inhibitors be-

gan to emerge in the mid-1930s, when it was 

discovered that the antimicrobial agent sul-

fanilamide increased bicarbonate excretion 

and caused metabolic acidosis. These effects 

were attributed to inhibition of carbonic an-

hydrase, an enzyme that was found to be 

abundant in the kidney. These facts and con-

ceptualizations started a long series of exper-

imental investigations that led to the era of 

modern oral diuretics. In 1949, for the first 

time, sulphanilamide was given to a woman 

with congestive heart failure and edema who 

was refractory to mercurial diuretics. An un-

expectedly high rate of urine excretion was 

observed. This finding was followed by the 

synthesis of several sulfonamide derivatives 

which inhibit carbonic anhydrase, the proto-

type of which was acetazolamide(115).” 

HYDRALAZINE 

1953 

“Originally developed in the 1950s as a ma-

laria treatment, hydralazine showed antihy-

pertensive ability and was soon repur-

posed(2).” 

RIBOFLAVIN 

1953 

Vitamin B2 

TETRAHYDROZOLINE 

1954 

Analogue of naphazoline 

BUSULFAN 

1954 

“G.T.41 is a dimesyloxyalkane, its formula 

being CH3OSO2(CH2)SO2OCH3. Though the 

drug is not a nitrogen mustard, its action is 

similar. The substance is one of a long series 

of nitrogen mustards and related compounds 

the biological properties of which have been 

the subject of experiment for several years. 

G.T.41 and other associated substances have 

from time to time been selected for clinical 

trial by oral administration in cases of ad-

vanced malignant disease, since they have an 

inhibitory action on the growth of certain 

https://drugs.ncats.io/drug/O3FX965V0I
https://drugs.ncats.io/drug/26NAK24LS8
https://drugs.ncats.io/drug/TLM2976OFR
https://drugs.ncats.io/drug/S9U025Y077
https://drugs.ncats.io/drug/G1LN9045DK


60 

 

tumours. The inhibition is not exerted against 

the malignant cells specifically, and various 

normal tissues are also affected(116).” 

MECLIZINE HYDROCHLORIDE 

1954 

Analogue of diphenhydramine 

DIGOXIN 

1954 

“Cardiac glycosides have played a prominent 

role in the therapy of congestive heart failure 

since William Withering codified their use in 

his classic monograph on the efficacy of the 

leaves of the common foxglove plant (Digi-

talis purpurea) in 1785(117).” 

Regarding the monograph of William With-

ering: 

“In 1775, Withering started collecting case 

histories on the effects of digitalis in dropsy 

and ascites (accumulation of fluid in the ab-

domen). But what had led him to start using 

internal applications of digitalis at a time 

when it was little used because of reports of 

toxic effect? Withering himself explained 

this in his account. 

‘In the year 1775, my opinion was asked con-

cerning a family receipt for the cure of 

dropsy. I was told it had long been kept a se-

cret by an old woman in Shropshire, who had 

sometimes made cures after the more regular 

practitioners had failed and was informed 

that the effects produced were violent vomit-

ing and purging; for the diuretic effects 

seemed to have been overlooked. The 

medicine was composed of 20 or more differ-

ent herbs. 

He examined the dried leaves microscopi-

cally. (His botanical volume contained an ac-

count and a picture of the microscope he had 

designed for the study of botany.) In this way, 

he noted that the foxglove leaf was present, 

writing ‘It was not very difficult for one con-

versant in these subjects, to perceive, that the 

active herb could be no other than the fox-

glove’(118).” 

“Ointments containing digitalis are men-

tioned in the Welsh pharmaceutical book 

Meddygon Myddmacn around 1250, as being 

good for headaches and spasms. Digitalis 

pills are described in Hieronymus Bock’s 

Book of herbs (1546). In England, digitalis 

was recommended by John Parkinson (1567-

1650) and William Salmon (1644-1713) for 

treatment of epilepsy, goitre, and tuberculo-

sis, and as an expectorant and an emetic. 

Salmon published several works on medici-

nal plants and in one mentioned digitalis as 

providing therapy for dropsy, a disease in-

volving a generalized accumulation of fluid 

now regarded as a symptom of heart failure. 

It was included in the Pharmacopoeia Lon-

dinensis(118).” 

METHOXSALEN 

1954 

Methoxsalen (Oxsoralen) was isolated in 

1947 from the plant Ammi majus, bishop’s 

weed, which had traditional use in treating 

vitiligo(119, 120). 

“The use of fruits of A. majus in treating vit-

iligo has a long tradition. Medicinal virtues of 

this species were known to the ancient Egyp-

tians (and were first mentioned in Ebers’ pa-

pyrus). Most of the preparations whose pho-

tosensitizing properties are currently used in 

dermatological treatment methods have been 

developed on the basis of A. majus. These 

are, among others, such preparations as 

https://drugs.ncats.io/drug/HDP7W44CIO
https://drugs.ncats.io/drug/73K4184T59
https://drugs.ncats.io/drug/U4VJ29L7BQ
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Meladinine; Oxsoralen; and Am-

mifurin(120).” 

BENZTROPINE 

1954 

Analogue of atropine 

PRIMIDONE 

1954 

Analogue of pentobarbital 

WARFARIN 

1954 

“In the 1920s cattle in the Northern USA and 

Canada were afflicted by an outbreak of an 

unusual disease, characterised by fatal bleed-

ing, either spontaneously or from minor inju-

ries. Mouldy silage made from sweet clover 

(Melilotus alba and M. officinalis) was impli-

cated, and L M Roderick in North Dakota 

showed that it contained a haemorrhagic fac-

tor that reduced the activity of prothrombin. 

However, it was not until 1940 that Karl Link 

and his student Harold Campbell in Wiscon-

sin discovered that the anticoagulant in sweet 

clover was 3,3′-methylenebis(4-hydroxy 

coumarin). Further work by Link led in 1948 

to the synthesis of warfarin, which was ini-

tially approved as a rodenticide in the USA in 

1952, and then for human use in 1954. The 

name warfarin is derived from WARF (Wis-

consin Alumni Research Foundation) and –

arin from coumarin(121).” 

CHLORPROMAZINE 

1954 

First synthesized as an analogue of diphenhy-

dramine 

In 1951, Henri Laborit, surgeon of a military 

hospital, had received a newly introduced an-

tihistamine drug, chlorpromazine, that was 

supposed to potentiate anesthesia and lower 

body temperature during surgery with the 

purpose of reducing the shock after surgery. 

Yet he observed that it caused a calmness and 

indifference that continued even after sur-

gery. After validating this alongside army 

psychiatrist on more-agitated patients, he 

went to Paris and persuaded a psychiatrist to 

test it intravenously on himself and report its 

subjective effects. After initially reporting 

“no effects worthy of mention, save a certain 

sensation of indifference,” the psychiatrist 

fainted because of the antihypertensive ef-

fects of chlorpromazine. Laborit convinced 

another psychiatrist to test it on their psy-

chotic patients. On January 19, 1952, 

Jacques, a 24-year-old severely agitated 

schizophrenic, was given 50 mg chlorproma-

zine intravenously. The calming effect was 

immediate. After three weeks of treatment, 

Jacques was back to normal life. The first an-

tipsychotic was born(10, 122, 123). 

https://drugs.ncats.io/drug/1NHL2J4X8K
https://drugs.ncats.io/drug/13AFD7670Q
https://drugs.ncats.io/drug/5Q7ZVV76EI
https://drugs.ncats.io/drug/U42B7VYA4P
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“The discovery of the first family of antipsy-

chotic agents was made within the context of 

widespread research on antihistaminic sub-

stances in France after World War II, and 

more specifically in that of the work being 

carried out on phenothiazines. These sub-

stances had been known of since the late 

nineteenth century, having been used by the 

dyeing industry. Later, in the early 1930s, 

they were employed as antiseptics and anti-

helminthics. Finally, in the second half of the 

1940s, their antihistaminic properties were 

studied, though their toxicities made clinical 

use impossible. Thus, their application to pa-

tients with mental illnesses was never di-

rectly sought; rather, as Lickey and Gordon 

so rightly put it, ‘their introduction in thera-

peutic use is more like the story of a drug in 

search of an illness.’ […] 

Phenothiazines as Antihistamine and Anti-

shock Agents: The Contributions of Henri 

Laborit 

The early use of phenothiazine compounds as 

neuroleptic agents resulted from the research 

of Henri-Marie Laborit. This French army 

surgeon, working in 1949 at the Hôpital Mar-

itime in Bizerte (Tunisia), was interested in 

finding a pharmacological method for pre-

venting surgical shock. According to one of 

the prevailing hypotheses at the time, pro-

posed by Canadian endocrinologist Hans Se-

lye and defended by French surgeon René 

Leriche, surgical shock was due to an exces-

sive defensive reaction of the organism to 

stress, so that a peripheral and/or central in-

hibition of the autonomic nervous system 

would be a highly advantageous alternative 

anti-shock therapy. Thus, Laborit studied 

from 1947 the ganglionic blocking effect of 

curare, with the aim of achieving chemical 

sympathectomy. His idea was received with 

scepticism by the scientific community at the 

time, though it did prove successful later on, 

with the incorporation into the anaesthetic 

techniques of another ganglioplegic sub-

stance, tetraethylammonia. Subsequently, 

Laborit continued to test different substances 

endowed with inhibitory effects of the vis-

ceral vasomotor reactions of the vegetative 

system – substances that included antihista-

mines then available. This ‘Laborit’s idea’ 

was described by Leriche, in 1952, in the 

preface to a book by Laborit, as ‘revolution-

ary, fascinating and extremely promising.’ 

Among the antihistamine drugs of the era un-

der study, Laborit found that promethazine, 

whose capacity for prolonging the sleep in-

duced by barbiturates had been demonstrated 

in rodents, had acceptable anti-shock activity, 

so that he added it to another, morphine-type 

substance, dolantine (Dolosal®), creating the 

so-called ‘lytic cocktail,’ a landmark in the 

history of anaesthesia in that it constituted the 

origin of neuroleptoanalgesia. This early 

cocktail was widely used in Tunisian women 

affected by eclampsia. Laborit himself actu-

ally predicted the potential psychiatric impli-

cations of these agents, and, recalls, in an in-

terview recounted by Swazey, that ‘I asked an 

army psychiatrist to watch me operate on 

some of my tense, anxious Mediterranean-

type patients. After surgery, he agreed with 

me that the patients were remarkably calm 

and relaxed. But I guess he didn’t think any 

more about his observations, as they might 

apply to psychiatric patients.’ 

Subsequently, Laborit’s cocktail would un-

dergo numerous modifications, including the 

addition of diethazine (Dip-Dol cocktail, 

Diparcol-Dolosal), or even, later, chlorprom-

azine. The Dip-Dol cocktail was introduced 

by a colleague of Laborit, Pierre Huguenard, 

anaesthetist at the Hôpital de Vaugirard in 

Paris, who in a nostril operation on a highly 

agitated patient, to whom he was unable to 

apply the ether or chloroform mask, adminis-

tered diethazine mixed with dolantine. The 

patient underwent general relaxation while 

remaining conscious, even being capable of 

answering questions from hospital staff – a 

result that some authors described as ‘phar-

macological lobotomy.’ However, despite 
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the success of the intervention, this cocktail 

was not applied in psychiatric practice, pos-

sibly due to fears that the opiate nature of its 

formula would create dependence. 

The Synthesis of Chlorpromazine and Its 

Initial Clinical Applications 

In the light of these discoveries, Specia La-

boratories at Rhône-Poulenc (Vitry-sur-

Seine, France), the company that synthesized 

and commercialized promethazine, under-

took to continue the line of research opened 

up by Laborit and, in 1950, attempted to find 

a lytic agent that would prevent surgical 

shock, through depressant actions on the cen-

tral nervous system. Thus, Simone Courvoi-

ser analyzed all the phenothiazines synthe-

sized by Paul Charpentier since 1944 as anti-

histaminic agents. Of these, promazine ap-

peared to be the best option, despite its low 

antihistaminic activity, so that Charpentier 

synthesized various derivatives of it. A chlo-

rinated derivative (RP-4560), produced in 

December 1950, displayed, according to 

Courvoisier’s test, extraordinary activity, not 

only of an antihistaminic nature, but also of a 

parasympathetic and adrenolytic character, 

capable of cancelling out, and even of invert-

ing (at higher doses), the effect of adrenalin 

on blood pressure. Furthermore, it was 

demonstrated in experiments with rats, such 

as tests of conditioned avoidance, that RP-

4560 was capable of extinguishing condi-

tioned reflexes without modifying the ani-

mal’s strength. Similarly, RP-4560 was capa-

ble of prolonging the sleep induced by barbi-

turates in rodents and preventing the emesis 

induced by apomorphine in dogs. Although 

the pharmacology of the new product was 

studied by Courvoisier and Pierre Koetschet 

in 1951, the first data were not published until 

1953, after the publication of the first clinical 

experience with the substance. 

The following year, between April and Au-

gust, RP-4560 was tested by numerous doc-

tors, both French and from other countries. 

Among those who received samples was La-

borit, now working at the Physiology Labor-

atory of the Val-deGrâce Military Hospital in 

Paris, and who confirmed that this could be 

the lityc agent he had been seeking for so 

long. After the statutory studies with experi-

mental animals, Laborit tried the new drug on 

patients undergoing surgery, at endovenous 

doses of 50-100mg. The results as an anaes-

thetic booster were striking. However, La-

borit observed that not only did these patients 

feel much better during and after the opera-

tion, due to the anti-shock action, but they 

also felt much more relaxed and calm (désin-

téressement) in the pre-operative period, a 

time associated with intense stress and high 

levels of anxiety. Another interesting prop-

erty of the product was its hypothermic ef-

fect, which allowed reduction of the body 

temperature to 28-30º C. This effect, at-

tributed by Laborit to a fall in basal metabo-

lism and oxygen consumption, together with 

the hypnotic properties of the new drug, al-

lowed Laborit and Huguenard to propose, in 

1951, the concept of ‘artificial hibernation,’ a 

technique that would make possible greater 

efficacy of certain types of operation, such as 

cardiac surgery. Indeed, as Jacobsen relates, 

the ‘artificial hibernation’ technique was ap-

plied on a large scale by Laborit and Hugue-

nard in 1953 in Vietnam, during the French 

campaign in IndoChina, and permitted the m 

to save the lives of hundreds of soldiers. […] 

The new drug, described by numerous au-

thors at the time as ‘Laborit’s drug,’ was 

called chlorpromazine, and was commercial-

ized in France by Rhône-Poulenc in 1952. Its 

commercial name, Largactil® (‘Large’ = 

broad; ‘acti*’ = activity), was designed to re-

flect its wide spectrum of pharmacological 

activities; gangliolytic, adrenolytic, anti-

fibrillatory, antiedema, antipyretic, anti-

shock, anticonvulsant, antiemetic, and so on. 

PERIOD OF CLINICAL PSYCHIATRIC 

INTRODUCTION OF CHLORPROMA-

ZINE IN EUROPE (1952-1955) 
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Laborit’s observations allowed him to hy-

pothesize other therapeutic uses for the new 

drug, which he called a ‘vegetative stabi-

lizer’, including in addition to the boosting of 

anaesthesia, the management of surgical 

stress, serious burns, cardiovascular disor-

ders and psychiatric disorders. Thus, in No-

vember 1951, Laborit and Montassut admin-

istered a dose of chlorpromazine intrave-

nously to Cornelia Quarti, a fellow psychia-

trist acting as a healthy volunteer at the 

Villejuif mental hospital. Although there 

were no effects worthy of mention, save a 

certain sensation of indifference, on getting 

up to go to the toilet, Quarti fainted; as a re-

sult, the head of the hospital’s Psychiatric 

Service decided to discontinue experimenta-

tion with the substance. 

In spite of these events, in one of his first pub-

lication on the surgical results obtained with 

RP-4560, in early February of 1952, Laborit 

argued that the observation made ‘may antic-

ipate certain indications for the use of this 

compound in psychiatry, possibly related to 

sleep cures with barbiturates.’ Thus, during a 

meal in the canteen at Hôpital Val-de-Grâce, 

he persuaded his colleagues from the Neuro-

psychiatry Service, headed by Joseph 

Hamon, to test the drug in psychotic patients, 

though, as Swazey recounts, the psychiatrists 

were not initially enthusiastic about Laborit’s 

proposal. On January 19, 1952, it was admin-

istered for the first time, as an adjunct to an 

opiate (petidine), a barbiturate (pentotal) and 

electroconvulsive therapy, to Jacques Lh., an 

extremely agitated manic patient aged 24, 

who rapidly began to calm down, maintain-

ing a state of calm for several hours. By Feb-

ruary 7, Jacques had calmed down suffi-

ciently to be able to play bridge and carry out 

normal activities, though he maintained cer-

tain hypomanic attitudes. Finally, after a 3-

week treatment, with a total quantity of 855 

mg of RP-4560 administered, the patient was 

discharged from hospital. Colonel Jean 

Paraire presented these data on February 25, 

at a meeting of the Société Médico-Psy-

chologique in Paris, and they were published 

in March of that same year of 1952. In pro-

phetic tone, he said: ‘We have quite probably 

introduced a series of products that will en-

rich psychiatric therapy’. This event marked 

the culmination of what may constitute one 

of the most important landmarks in the his-

tory of psychopharmacology, since this was 

the first time chlorpromazine had been ad-

ministered in the field of psychiatry(123).” 

ETHIODIZED OIL 

1954 

Contrast agent 

DIATRIZOATE MEGLUMINE 

1954 

Contrast agent 

DYCLONINE 

1955 

Analogue of pramoxine 

HYDROXYCHLOROQUINE 

1955 

Analogue of chloroquine 
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OXYMETHOLONE 

1955 

Analogue of testosterone(1) 

METHYLPHENIDATE 

1955 

“Methylphenidate was first synthesized from 

benzyl cyanide and 2-chloropyridine in Ba-

sel, Switzerland in 1944 by Ciba chemist 

Leandro Panizzon. After he synthesized the 

compound, Panizzon’s wife Marguerite, who 

had low blood pressure, would take 

methylphenidate as a stimulant before play-

ing tennis. Panizzon named the substance Ri-

taline after his wife, whose nickname was 

Rita. […] Methylphenidate was first used to 

reverse drug-induced coma. Ritalin was ap-

proved by the Food and Drug Administration 

(FDA) in 1955 and introduced in the United 

States in 1956 for several conditions includ-

ing depression, senile behavior, lethargy, and 

narcolepsy.  

[…] The use of methylphenidate for treating 

ADHD is based on work originating in the 

1930s that demonstrated amphetamines were 

eff ective in treating hyperactive and impul-

sive behavior. Hyperactive children were 

first treated with stimulants in 1937. Since 

methylphenidate first appeared on the mar-

ket, its use for treating ADHD has steadily in-

creased(124).” 

From the discovery paper of Panizzon: 

“Nell’intento di approfondire lo studio di 

queste sostanze a carattere aromatico-etero-

ciclico, si andò alla ricerca di una reazione 

che potesse servire come base di partenza per 

la, preparazione di sostanze presentanti di-

versi gruppi interesssnti dal punto di vista 

fisiologico. Una tale reazione la trovammo 

infine nella condensazione di un nitrile arila-

cetico con una cloropiridina, il gruppo ni-

trilico offrendo già di per sè molte possibilità 

di trasformazione. 

In questa prima parte comunichiamo la 

preparazione dei nitrili misti, la loro tras-

formazione in amidi ed esteri, e la riduzione 

del gruppo piridinico a quello piperidinico. 

L’esame farmacologico di alcuni derivati qui 

riportati ha rivelato azioni fisiologiche vera-

mente degne di nota sulle quali sarà comuni-

cato in una prossima pubblicazione(125).” 

Translation from Google Translate: 

“In order to deepen the study of these aro-

matic-heterocyclic substances, we went in 

search of a reaction that could serve as a start-

ing point for the preparation of substances 

presenting different groups of interest from a 

physiological point of view. We finally found 

such a reaction in the condensation of an ary-

lacetic nitrile with a chloropyridine, the ni-

trile group already offering many possibili-

ties of transformation. 

In this first part we communicate the prepa-

ration of mixed nitriles, their transformation 

into starches and esters, and the reduction of 

the pyridine group to the piperidine one. 

The pharmacological examination of some 

derivatives reported here revealed truly note-

worthy physiological actions on which will 

be communicated in a forthcoming publica-

tion(125).” 

From an early paper reporting its pharmaco-

logical activities: 

“Im Hinblick auf die bisher angenommene 

Beschränkung der Verknüpfung von zen-

tralerregenden und sympathicomimetischen 

Eigenschaften auf einige Phenylisopropyla-

mine war es daher von besonderem Interesse, 

https://drugs.ncats.io/drug/L76T0ZCA8K
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als bereits vor Jahren in unseren Laboratorien 

bei der Untersuchung von durch Panizzon 

hergestellten Piperidinessigsäureestern 

Verbindungen aufgefunden wurden, die am 

Tier Wirkungen hervorufen, wie sie bisher 

nur vom Amphetamin oder ähnlichen Stoffen 

bekannt waren, sich daneben aber auch in 

typischer Weise von diesen unterscheiden. 

[...] 

Die Anregung der Psychomotorik durch Ri-

talin ist am nichtnarkotisierten Tier (Maus, 

Ratte, Kaninchen, Hund) bei parenteraler und 

peroraler Verabreichung nachweisbar. Neben 

allgemeiner Unruhe zeigen die Versuchstiere 

koordinierte Motilitätssteigerung, besonders 

in Form von Bewegungs- und Laufdrang, und 

einen Freß- oder Nagetrieb, ohne daß sie 

gleich-zeitig bissig oder angriffslustig 

werden. Abhängig von Tier- und Verabrei-

chungsart ist diese zentralerregende Wirkung 

bei 0,5-1-5 mg/kg nachweisbar, hält mehrere 

Stunden an und klingt unter Ermüdungser-

scheinungen ab. Höhere Dosen von Ritalin 

bewirken ataktischen Gang sowie klonisch-

tonische Krämpfe(126).” 

Translation from Google Translate: 

“In view of the previously assumed re-

striction of the linkage of central excitation 

and sympathomimetic properties to some 

phenylisopropylamines, it was of particular 

interest when, years ago in our laboratories, 

when investigating piperidine acetic acid es-

ters produced by Panizzon, compounds were 

found that produce effects on animals, such 

as they were previously only known from 

amphetamines or similar substances, but also 

differ from these in typical ways. [...] 

The stimulation of psychomotor functions by 

Ritalin can be demonstrated in non-anesthe-

tized animals (mouse, rat, rabbit, dog) with 

parenteral and peroral administration. In ad-

dition to general restlessness, the test animals 

show a coordinated increase in motility, es-

pecially in the form of an urge to move and 

run, and an urge to eat or gnaw, without being 

biting or aggressive at the same time. De-

pending on the type of animal and the type of 

administration, this central stimulating effect 

is detectable at 0.5-1-5 mg / kg, lasts for sev-

eral hours and subsides with symptoms of fa-

tigue. Higher doses of Ritalin cause atactic 

gait and clonic-tonic convulsions(126).” 

PENICILLIN V 

1955 

Analogue of penicillin G 

PYRIDOSTIGMINE 

1955 

Analogue of neostigmine(21) 

PREDNISONE 

1955 

Analogue of cortisone(21) 

https://drugs.ncats.io/drug/Z61I075U2W
https://drugs.ncats.io/drug/19QM69HH21
https://drugs.ncats.io/drug/VB0R961HZT
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MEPROBAMATE 

1955 

“The synthesis and development of meproba-

mate began with mephenesin because it was 

the result of an effort to find a superior com-

pound. Berger and Bradley were a chemist-

pharmacologist team that was engaged in the 

development of a new synthetic antibacterial 

agent that would be effective in destroying 

gram-negative bacteria unresponsive to peni-

cillin. There was, at the time, a disinfectant 

on the market in Great Britain that was be-

lieved to be effective in combating gram-neg-

ative rods. This compound was phenylglyc-

erol ether called phenoxetol. Bradley be-

lieved that lengthening its carbon chain 

would produce a compound with a definitive 

desired antibacterial effect. This expectation 

bore out to a certain extent so Berger decided 

to determine its toxicity on mice to establish 

safety. To his surprise, the mice developed a 

reversible flaccid paralysis of the voluntary 

skeletal muscles. 

In graduated doses, mephenesin produced 

muscle relaxation and paralysis of all volun-

tary muscles in mice, rats and other small la-

boratory animals but remained conscious, re-

sponded to painful stimuli and their corneal 

reflex was preserved. The autonomic nervous 

system appeared to be unaffected and the re-

covery from the drug was spontaneous and 

complete in an hour. Unlike barbiturates, the 

compound had a quieting effect on the de-

meanor of animals without a stage of initial 

excitement. This effect was termed ‘tranqui-

lization’ by the team in their first publication 

of this finding in 1946. 

Mephenesin was first introduced in clinical 

practice as an agent for producing muscle re-

laxation during light anesthesia by Mallison 

in 1947 as an alternative to tubocurarine. Its 

anti-anxiety effect was recognized only in 

brief case reports but its use as such was lim-

ited by its three significant drawbacks—a 

very short duration of action, greater effect on 

the spinal cord than on supra-spinal struc-

tures and a weak action so that large doses 

were required. Thus an extensive laboratory 

search began to overcome these disad-

vantages. Berger and his colleagues felt that 

understanding the metabolism of mephenesin 

would help them find ways to alter or delay 

its rapid breakdown. They found that the 

short duration of action was due to the rapid 

oxidation of its primary hydroxyl group so 

they synthesized various ester derivatives 

that had a terminal hydroxyl group less sus-

ceptible to enzymatic attack. They also tested 

a number of related compounds in the hope 

of finding ones with more potent muscle re-

laxant action and those that would exercise a 

stronger inter-neuronal blocking action of su-

pra-spinal structures. The latter was meas-

ured by the ability of such compounds to 

counteract pentylenetetrazol-induced convul-

sions. The tranquilizing effect was measured 

primarily by the ability of drugs to produce 

the loss of righting reflex without significant 

initial excitement and the potency of the 

drugs was measured by their ability to pro-

duce reversible paralysis of voluntary mus-

cles. 

This was a tedious process. Finally, in 1951, 

Ludwig and Piech reported that meprobamate 

was the compound with the potential to over-

come the drawbacks of mephenesin(127).” 

DAPSONE 

1955 

“On 15 June 1908, Eric Fromm and J. Witt-

mann, chemists at the University of Freiburg, 

published a paper announcing the synthesis 

of dapsone. While the pair considered their 

discovery applicable to the booming German 

dye industry, neither chemist thought it im-

portant enough to take out a patent on the 

product. They saw their discovery as purely 

an advance in the field of chemistry and had 

no reason to look for any clinical signifi-

cance. For almost three decades thereafter, 

the therapeutic potential of dapsone lay 

https://drugs.ncats.io/drug/9I7LNY769Q
https://drugs.ncats.io/drug/8W5C518302
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unknown and untapped until the rise of sulfa 

drugs shifted scientific attention toward the 

medicinal properties of sulfur-containing 

compounds. The development of antimicro-

bial sulfa drugs generally and Prontosil spe-

cifically in 1935/36 created what historian 

John Lesch has called ‘the first miracle 

drugs.’ These sulfas provided the only broad-

spectrum action against bacterial infections. 

Researchers quickly looked to chemically 

analogous compounds, like dapsone, as pos-

sible additions to this class of medications. 

Early animal tests of dapsone showed prom-

ising antibacterial potential, but severe hema-

tological side effects appeared to preclude its 

use in humans. In 1937, G. A. H. Buttle, one 

of the leading British sulfa researchers, con-

ducted the first trials of DDS in guinea pigs. 

His laboratory found the drug one hundred to 

one thousand times more potent than the sul-

fanilamide Prontosil; however, the new drug 

was also twenty-five times more toxic, caus-

ing anemia and methaemoglobinaemia in his 

laboratory animals. Other laboratories 

quickly confirmed Buttle’s results, agreeing 

that DDS had the greatest therapeutic po-

tency of any agent tested, but that its toxicity 

negated any possibility of using it in humans. 

Pharmaceutical giant Parke–Davis Company 

refused to relinquish such a potentially effi-

cacious (and profitable) drug and worked to 

reduce toxicity by chemically modifying the 

compound. By 6 August 1937, they suc-

ceeded in producing a non-toxic derivative 

that they called Promin. 

After Promin proved safe, investigators pur-

sued its medicinal possibilities. Encouraged 

by a 1938 article suggesting the potential for 

sulfa drugs to fight tuberculosis, three re-

searchers at the Mayo Clinic decided to test 

Promin against the disease. Given that tuber-

culosis was the second leading cause of death 

in the United States in the early twentieth 

century, this research had substantial societal 

implications. In Rochester, Minn., William 

H. Feldman, Corwin H. Hinshaw, and Harold 

E. Moses administered Promin to tuberculo-

sis-infected guinea pigs; almost half of the 

experimental animals lived through the trial, 

whereas none of the control subjects sur-

vived. This outcome led to the cautious con-

clusion: ‘the results of this experiment sug-

gest the possible effectiveness of promin in 

combating tuberculosis in guinea-pigs.’ The 

trio tested Promin in different doses and in 

different animals over the next four years and 

consistently remarked on the drug’s success-

ful inhibition of tuberculosis with only mini-

mal side effects such as hemolytic anemia. 

The possibility of a cure for TB generated 

enough interest and hope to garner an article 

in the New York Times. Although Promin 

appeared promising, the new antibiotic strep-

tomycin (1943) quickly eclipsed the sulfa-

based drug as the preferred treatment for tu-

berculosis by the late 1940s. However, phy-

sicians continued to investigate the potential 

of sulfones to cure other diseases. They soon 

observed the spectacular effects the drug had 

in reversing the course of one of the world’s 

most notorious afflictions: leprosy. […] 

Faget read Feldman and Hinshaw’s article re-

garding the activity of Promin against tuber-

culosis in 1940 and wrote Parke–Davis to see 

if anyone had tried the drug against leprosy. 

Since the bacteria that cause leprosy and tu-

berculosis belong to the same family and are 

both acid-fast, it seemed plausible that drugs 

affecting one disease might also work against 

the other. Parke–Davis directed Faget to Ed-

mund V. Cowdry, a physician at Washington 

University in St. Louis who was researching 

the effect of Promin on rat leprosy. Since the 

drug appeared to cure the rodents without 

causing severe side effects, on 10 March 

1941, Faget began clinical trials of Promin on 

human patients in Carville(128).” 

CHLOROPROCAINE 

1955 

Analogue of benzocaine and lidocaine 

https://drugs.ncats.io/drug/5YVB0POT2H
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PYRAZINAMIDE 

1955 

Analogue of isoniazid 

HYDROXYPROGESTERONE 

1956 

Analogue of progesterone 

MECAMYLAMINE 

1956 

Not found 

PROCHLORPERAZINE 

1956 

Analogue of chlorpromazine 

PREDNISOLONE 

1956 

Analogue of cortisone(21)  

LIOTHYRONINE 

1956 

See the levothyroxine entry. 

“It was later discovered that the thyroid is 

able to synthesize a second hormone more ac-

tive than thyroxine(108).” 

CLIDINIUM 

1956 

Analogue of scopolamine 

https://drugs.ncats.io/drug/2KNI5N06TI
https://drugs.ncats.io/drug/21807M87J2
https://drugs.ncats.io/drug/6EE945D3OK
https://drugs.ncats.io/drug/YHP6YLT61T
https://drugs.ncats.io/drug/9PHQ9Y1OLM
https://drugs.ncats.io/drug/06LU7C9H1V
https://drugs.ncats.io/drug/BO76JF850N
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HYDROXYZINE 

1956 

Analogue of diphenhydramine 

BROMPHENIRAMINE 

1956 

Analogue of diphenhydramine(21) 

DIHYDROCODEINE 

1956 

Analogue of morphine(21) 

FLUOXYMESTERONE 

1956 

Analogue of testosterone(2) 

Error in similarity calculation by FTrees 

HYDROMORPHONE HYDROCHLORIDE 

1956 

Analogue of morphine(21) 

TRIAMCINOLONE ACETONIDE 

1957 

Analogue of cortisone(21) 

Error in similarity calculation by FTrees 

METHYLPREDNISOLONE 

1957 

Analogue of cortisone(21) 

NORETHINDRONE 

1957 

Analogue of progesterone(2) 

https://drugs.ncats.io/drug/30S50YM8OG
https://drugs.ncats.io/drug/H57G17P2FN
https://drugs.ncats.io/drug/N9I9HDB855
https://drugs.ncats.io/drug/9JU12S4YFY
https://drugs.ncats.io/drug/L960UP2KRW
https://drugs.ncats.io/drug/F446C597KA
https://drugs.ncats.io/drug/X4W7ZR7023
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TOLBUTAMIDE 

1957 

Analogue of sulfanilamide 

Tolbutamide, like carbutamide, is an ana-

logue of the sulfonamide antibacterials 

whose glycemic effects where observed nu-

merously after the initiation of their prevalent 

use(129). 

“Gerhard Domagk had discovered Prontosil 

in 1932, and from then on sulfa (sulfanila-

mide) antibiotics flourished. In 1942, France 

was under Nazi occupation. Janbon, profes-

sor of pharmacology at the University of 

Montpellier, gave a sulfa antibiotic drug to 

soldiers to alleviate their typhoid fever. Some 

patients who took this drug felt tired and 

dizzy, an indication of a drop in blood glu-

cose levels. Three patients subsequently died 

of hypoglycemia. Janbon infused glucose 

into some of his patients, who promptly re-

covered. He made an astute hypothesis that 

some sulfa antibiotics, namely sulfonylureas, 

could be used in the treatment of diabe-

tes(130).” 

“The toxicity of the sulfonamides was stud-

ied by a number of investigators in the late 

1930’s. Even earlier (1930), Ruiz and col-

leagues in a little-read Argentinian journal, 

reported several sulfonamide compounds as 

having a hypoglycemic effect. […] 

Loubatieres, in studies from 1942 to 1946, 

also at Montpellier, suggested the use of hy-

poglyc emic sulfonamides in diabetes and de-

scribed their mechanism of hypoglycemic ac-

tion. He also found that some sulfonamides 

were hypoglycemic some were 

hyperglycemic and that others had little or no 

effect on ‘blood sugar’ levels. […] 

Logically, those studies of the sulphonamides 

causing hypoglycemia were the first to be ex-

ploited, resulting eventually during 1954-

1957 in highly useful agents in the treatment 

of diabetes after earlier agents had been 

found too toxic. Tolbutamide and chlorpro-

pamide are representatives of this 

class(129).” 

CHLOROTHIAZIDE 

1957 

Analogue of sulfanilamide 

See the acetazolamide entry. 

“The decisive breakthrough to the new-type 

diuretics was achieved by structural varia-

tions of sulfanilamide and by the introduction 

of a chlorine atom in the ortho position of the 

sulfonamide structure, whereby the inhibition 

of carbonic anhydrase was still present, alt-

hough less prominent. The carbonic anhy-

drase inhibitory activity of the new diuretic 

chlorothiazide (6-chloro-7-sulfamoyl-2H-

l,2,4-benzothiadiazine 1,1-dioxide) was only 

about l00th that of acetazolamide; however, 

chlorothiazide produced a remarkable so-

dium and chloride excretion with relatively 

little bicarbonate output(115).” 

METHSUXIMIDE 

1957 

“The discovery of ethosuximide was the re-

sult of a systematic search for new antiepilep-

tic drugs. Because trimethadione has a 

marked ability to protect experimental ani-

mals against pentylenetetrazol-induced 

https://drugs.ncats.io/drug/982XCM1FOI
https://drugs.ncats.io/drug/77W477J15H
https://drugs.ncats.io/drug/0G76K8X6C0
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seizures and is specifically effective against 

absence seizures, the subcutaneous pen-

tylenetetrazol seizure threshold has become a 

popular test for screening new compounds 

for potential usefulness in the treatment of 

absence seizures. The search for structurally 

related anti-pentylenetetrazol agents that 

were less toxic than trimethadione and para-

methadione led to the investigation of the 

succinimides: first phensuximide, then 

methsuximide, and finally ethosuximide. Of 

these, ethosuximide had the greatest anti-

pentylenetetrazol action and turned out to be 

the most selective for absence sei-

zures(131).” 

PERPHENAZINE 

1957 

Analogue of chlorpromazine 

ORPHENADRINE 

1957 

Analogue of diphenhydramine(109) 

ETHOTOIN 

1957 

Analogue of phenytoin 

METHOCARBAMOL 

1957 

Analogue of mephenesin(132) 

Mephenesin had been previously discovered 

serendipitously(127). See the meprobamate 

entry. 

From the discovery paper: 

“Mephenesin monocarbamate is reported to 

show the same pharmacological activities as 

mephenesin itself and sometimes slightly 

prolongs the duration of the action. The fact 

was examined together with the syntheses 

and examination of pharmacological activi-

ties of mephenesin carbanilate and the carba-

mates and carbanilates of 3-(o-methoxyphe-

noxy) propane-1, 2-diol (I) and 3-(1, 2, 3, 4-

tetrahydro-7-naphthyloxy) propane-1, 2-diol 

(II). The muscle relaxing action of these com-

pounds is weaker than that of mephenesin but 

the monocarbamate of (II) showed stronger 

anticonvulsant action against pentetrazol 

than mephenesin, and about equal anticon-

vulsant action against electric shock as me-

phenesin. The safety margin, LD50/MED50 

and LD50/EED50, of these compounds was 

greater than that of mephenesin. The 

https://drugs.ncats.io/drug/FTA7XXY4EZ
https://drugs.ncats.io/drug/AL805O9OG9
https://drugs.ncats.io/drug/46QG38NC4U
https://drugs.ncats.io/drug/125OD7737X
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monocarbamates of both (I) and (II) showed 

longer duration of action than mephenesin in 

paralysis and protection against electric 

shock seizure(132).” 

The tests were performed on mice(132). 

CHLORAMBUCIL 

1957 

Analogue of mechlorethamine 

BENZONATATE 

1958 

Analogue of benzocaine 

AMPHOTERICIN B 

1958 

Analogue of nystatin(21) 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

“The broad screening of Streptomycete cul-

tures for antifungal activity was therefore 

continued. In January of 1953, culture M 

4575, an isolate from soil obtained in the Ori-

noco basin in Venezuela, was ‘fermented’ 

and found to produce considerable antifungal 

activity. Concentration and partial chemical 

purification of the active material permitted 

preliminary characterization. Although the 

antifungal spectrum and general chemical 

properties of this concentrate were similar to 

those of nystatin, several pronounced differ-

ences were apparent. The bioassays showed 

that this substance, even though only partially 

pure, was much more active in vitro than was 

pure nystatin(133).” 

Discovery of nystatin: 

“Hazen, a bacteriologist, and Brown, a chem-

ist, as a team were able to identify, character-

ize, and purify nystatin following its detec-

tion in cultures of Streptomyces noursei 

(named after William Nourse, the farm’s 

owner) near the barn of a dairy farm in Fau-

quier County, Virginia. The screening of soil 

samples for antifungal actinomycetes was 

conducted by a selective plating technique in 

which C. albicans and C. neoformans served 

as the screen fungi. Brown and Hazen also 

demonstrated the in vitro and in vivo activity 

of nystatin in laboratory (experimental) ani-

mal studies(134).” 

GUAIFENESIN 

1958 

Analogue of methocarbamol 

VANCOMYCIN 

1958 

“In the 1950s, with few options available to 

treat penicillin-resistant staphylococcal in-

fections, Eli Lilly and Company initiated a 

program aimed at discovering antibiotics 

with activity against these pathogens. In 

1952, a missionary in Borneo sent a sample 

of dirt to his friend Dr. E. C. Kornfield, an 

https://drugs.ncats.io/drug/18D0SL7309
https://drugs.ncats.io/drug/5P4DHS6ENR
https://drugs.ncats.io/drug/7XU7A7DROE
https://drugs.ncats.io/drug/495W7451VQ
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74 

 

organic chemist at Eli Lilly. An organism iso-

lated from that sample (Streptomyces orien-

talis) produced a substance (‘compound 

05865’) that was active against most gram-

positive organisms, including penicillin-re-

sistant staphylococci. Some anaerobic organ-

isms, including clostridia, were also suscep-

tible to compound 05865, as was Neisseria 

gonorrhoeae. In vitro experiments were initi-

ated to determine whether the activity of 

compound 05865 would be preserved despite 

attempts to induce resistance. After 20 serial 

passages of staphylococci from Eli Lilly la-

boratories, resistance to penicillin increased 

100,000-fold, compared with only a 4–8-fold 

increase in resistance to compound 

05865(135).” 

TRIPROLIDINE 

1958 

Analogue of diphenhydramine(21) 

CHLORZOXAZONE 

1958 

Analogue of mephenesin 

DEXCHLORPHENIRAMINE 

1958 

Enantiopure chlorpheniramine 

DICHLORPHENAMIDE 

1958 

Analogue of acetazolamide 

ISOSORBIDE DINITRATE 

1959 

Analogue of isoamyl nitrite(21) 

PHENTERMINE 

1959 

Analogue of amphetamine 

THIOTEPA 

1959 

“Molecules that bore structural resemblance 

to the mustards were explored. Triethy-

lenemelamine (TEM) was one such com-

pound. It contains aziridine groups, structures 

similar to the 3 membered rings that HN2 and 

HN3 display when they react. Two or more 

https://drugs.ncats.io/drug/2L8T9S52QM
https://drugs.ncats.io/drug/H0DE420U8G
https://drugs.ncats.io/drug/3Q9Q0B929N
https://drugs.ncats.io/drug/VVJ6673MHY
https://drugs.ncats.io/drug/IA7306519N
https://drugs.ncats.io/drug/C045TQL4WP
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aziridine moieties were necessary for a drug 

to be biologically active. Possessing three of 

these moieties, TEM was found to be effica-

cious against various mouse cancers. TEM 

was shown to induce less nausea and vomit-

ing than HN2 and patients tolerated higher 

doses. Like HN2 and HN3 before it, TEM 

went to human trial. Unlike HN2/HN3, intra-

venous administration of TEM caused no 

thrombophlebitis. TEM was also effective 

orally, making it possible to treat on an out-

patient basis. Like HN2 and HN3 however, 

TEM was limited by its toxic effect on the 

bone marrow. […] 

1,1’,1’’-phosphorothioyltriaziridine (thio-

TEPA), and its synthesis, were patented in 

1952 by the American Cyanamid Company. 

It was intended for use in the textile industry 

and in the production of plastics. However, it 

went on to see heavy use in the medical field. 

It disrupts the functionality of nucleic acids 

like HN2 and HN3 before it. Similar to TEM 

and TEPA, thioTEPA contains aziridine moi-

eties(136).” 

DEMECLOCYCLINE 

1959 

Analogue of oxytetracycline(2) 

TRIMETHOBENZAMIDE 

1959 

Not found 

DEXBROMPHENIRAMINE 

1959 

Enantiopure brompheniramine 

XYLOMETAZOLINE 

1959 

Analogue of naphazoline 

DIETHYLPROPION 

1959 

Analogue of amphetamine 

CHLORHEXIDINE 

1959 

“THE occurrence of antimalarial activity in 

certain substituted diguanides stimulated the 

search for other therapeutically useful mem-

bers of this series, and in due course led to the 

discovery of high antibacterial activity, more 

especially amongst a series of bisdiguanides. 

One such compound, 6-di-(N-p-chloro-

phenyl-N1-diguanido)hexane has recently 

been introduced into medical and veterinary 

practice under the common name chlorhexi-

dine B.P.C. […] 

The original observation of marked bacterio-

static action was made with the mixture of 

polymeric diguanides that resulted from the 

fusion of 1:6-di-(N3-cyano-N1-guanidino)-

hexane with hexamethylenediamine dihydro-

chloride. Attempts to determine actual chain 

https://drugs.ncats.io/drug/5R5W9ICI6O
https://drugs.ncats.io/drug/WDQ5P1SX7Q
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lengths, or to separate the mixture into homo-

geneous fractions, were unsuccessful. Since, 

however, it was known that molecules carry-

ing only one diguanide residue were but 

weakly antibacterial, it was clearly desirable 

to determine the degree of molecular com-

plexity necessary for high antimicrobial po-

tency. For this purpose the step-wise synthe-

sis of polydiguanides was undertaken. In the 

event, full biological activity was reached im-

mediately two diguanide systems were incor-

porated into each drug molecule, and effort 

was then concentrated on ascertaining the op-

timum distance which should exist between 

these two residues and the most effective 

types of end groupings-whether, for example, 

antibacterial activity was highest in bisdigua-

nides in which the terminal groups were aryl, 

alkyl, or heterocyclic(137).” 

CARISOPRODOL 

1959 

Analogue of meprobamate(138) 

OXYMORPHONE 

1959 

Analogue of morphine(21) 

ECHOTHIOPHATE 

1959 

“Anticholinesterase agents have been used 

for the control of intraocular pressure for 

many years. The first was physostigmine (es-

erine), an alkaloid obtained from the Calabar 

bean. In 1863 Fraser noted that physostig-

mine caused pupillary constriction, and 

Laqueur in 1875 employed it for the treat-

ment of glaucoma. At that time it was noted 

that undesirable side-effects occurred with 

the drug. Ever since, an intermittent search 

for a more potent, less irritating anticholines-

terase agent has been under way. A variety of 

cholinesterase agents have been tried. […] 

Recently there has become available a ter-

tiary and a quaternary form of an extremely 

potent thiophosphate anticholinesterase 

agent. The chemical structure of the tertiary 

form, 2-diethoxyphosphinylthio-ethyldime-

thylamine acid oxalate (217-AO; 217-acid 

oxalate), and that of the quaternary form, 2-

diethoxyphosphinylthioethyltrimethylammo-

nium iodide (217-MI; 217-methyl iodide) 

[…] 

These compounds were studied by Koelle 

and Steiner to determine central effects of 

these drugs after peripheral administration. 

Following the intravenous administration of 

both forms to rabbits, the tertiary form pro-

duced 90% inactivation of the total brain ac-

etylcholinesterase, while the quaternary de-

rivative caused no measurable inactivation of 

the brain acetylcholinesterase. There was 

noted, however, a marked apparent inactiva-

tion of the acetylcholinesterase of the entire 

brain following the injection of 1/100 of the 

previous dose of 217-MI into the lateral ven-

tricle. With this evidence that the quaternary 

agent is a potent anticholinesterase agent that 

does not permeate the blood-brain barrier and 

therefore has no central effects, the investiga-

tion of the miotic and antiglaucomatous 

https://drugs.ncats.io/drug/21925K482H
https://drugs.ncats.io/drug/9VXA968E0C
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effects of this drug in the human eye was be-

gun(139).” 

From the discovery paper cited in the previ-

ous quotation: 

“Following the intravenous administration to 

rabbits of the approximate LD50’s of 2-dieth-

oxyphosphinylthioethyldimethylamine acid 

oxalate (217-AO; 0.32 micromol./kgm.) and 

the corresponding methiodide (217-MI; 

0.087 micromol./kgm.), the tertiary com-

pound produced 90 per cent inactivation of 

the total brain acetyicholinesterase (AChE), 

whereas the quaternary derivative caused no 

measurable inhibition. When the same dose 

of the latter was injected via a common ca-

rotid artery, slight inhibition of brain AChE 

resulted. However, marked apparent inacti-

vation of the AChE of the whole brain fol-

lowed the injection of one-tenth or one-hun-

dredth this dose of 217-MI into a lateral ven-

tricle. Thus, the blood-brain barrier limits the 

passage of the quaternary agent from the cir-

culation to the cerebral AChE. Assay of the 

brain-halves separately following intra-

ventricular injection of 217-MI showed that 

the agent wss fairly equally distributed be-

tween the two halves after three to four hours. 

The degree of inhibition of erythrocytic 

AChE at that time indicated that most of the 

217-MI had passed into the circulation. How-

ever, traces of the free compound remained 

in the cerebrospinal fluid of some animals up 

to the second day after injection. From deter-

minations of the AChE activities of the right 

brain-halves and of mixtures of the left halves 

with control homogenate, it was found that 

significant amounts of free 217-MI remained 

within the cerebral tissue of most ani-

mals(140).” 

FLUOROMETHOLONE 

1959 

Analogue of cortisone 

Error in similarity calculation by FTrees 

HYDROCHLOROTHIAZIDE 

1959 

Analogue of chlorothiazide(21, 115) 

METHAZOLAMIDE 

1959 

Analogue of acetazolamide 

BENDROFLUMETHIAZIDE 

1959 

Analogue of chlorothiazide(21) 

GRISEOFULVIN 

1959 

“The systemic antifungal antibiotic griseoful-

vin was first isolated from the mycelium of 

Penicillium griseofulvum Dierckx. In 1946, a 

compound named ‘curling factor’ was iso-

lated from the mycelium and the culture fil-

trate of Penicillium janczewskii Zal. It caused 
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abnormal curling of the hyphae of Botrytis al-

lii and later was identified as griseoful-

vin(141).” 

4-HYDROXYCYCLOPHOSPHAMIDE 

1959 

Analogue of mechlorethamine 

MEDROXYPROGESTERONE 

1959 

Analogue of progesterone(21) 

ISOCARBOXAZID 

1959 

Analogue of iproniazid 

“The history of antidepressant pharmaceuti-

cals dates back to the early 1950s when Irving 

Selikoff and Edward Robitzek noticed that 

clinical trial patients treated with the experi-

mental antituberculosis agent iproniazid 

displayed gentle stimulation and renewed 

vigor(142).” 

“From hydrazine hydrate, a powerful reduc-

ing agent, Hans Meyer and Josef Malley, of 

the German Charles-Ferdinand University in 

Prague, synthesized isonicotinyl hydrazine in 

1912, as part of the work for their doctoral 

thesis. However, forgotten for almost 40 

years, it would not be until the early 1950s 

that it was resynthesized and discovered, by 

chance, that the compound had, at any exper-

imental level, powerful antitubercular prop-

erties. […] 

The origin of the first specifically antidepres-

sant drugs, the MAOIs, lies in the antituber-

cular hydrazide agents that had been used 

since the early 1950s. The enormous signifi-

cance of the introduction of these drugs for 

the treatment of tuberculosis is reflected in 

the mortality data for this illness in the United 

States, which fell from 188 deaths per 

100,000 inhabitants in 1904 to just 4 in 1952, 

1 year after the introduction of isonicotinyl 

hydrazine or isoniazid. 

It was precisely in 1952 that studies began, at 

the Sea View Hospital on Staten Island, NY, 

on the clinical effects of iproniazid, by Irving 

J. Selikoff and Edward Robitzek, who ob-

served that when compared with isoniazid, 

this drug possessed greater power to stimu-

late the central nervous system, an effect ini-

tially interpreted as a side effect. The psycho-

logical changes observed in tuberculosis pa-

tients treated with iproniazid were especially 

striking; these patients showed greater vital-

ity, to the point in some cases of wanting to 

leave the hospital, and a gradual increase in 

their social activity.  

At this point of the story, serendipity came 

into play, when a few wise clinicians saw in 

the psychostimulant a ‘side effect’—which 

had emerged by chance—a potential ‘pri-

mary effect’ that could be useful in psychiat-

ric patients. These inspired individuals in-

cluding Jackson A. Smith, of Baylor 
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University, Waco, TX, who in his analysis of 

iproniazid as a ‘tranquilizer’ observed some 

improvement in 2 depressed patients from a 

group of 11 treated over a period of 2 weeks, 

increased appetite, weight gain, increased vi-

tality, and improved sleep(143)” 

From the discovery paper cited in the previ-

ous quotation: 

“During our original toxicological and phar-

macological studies, the occurrence of toxic 

side-effects were recorded. Further experi-

ences have confirmed these observations and 

have extended them. Toxic side-effects are 

qualitatively the same with iproniazid and 

isoniazid but are quantitatively different; they 

are much commoner and are more significant 

clinically with iproniazid. 

When toxic side-effects occur, they are prin-

cipally noted in the central nervous system 

and, possibly, to a lesser extent, in the auto-

nomic nervous system. Symptoms include 

hyper-reflexia, headache, involuntary muscle 

twitching, peripheral neuropathy, mild eu-

phoria and excitability, constipation, vertigo, 

difficulty in initiating micturition, mouth dry-

ness, minor difficulty in visual accommoda-

tion, and variations in sexual stimulation and 

activity. These symptoms, which are more 

frequent with iproniazid, occur at therapeutic 

dosage levels of 4 mg. per kilogram(144).” 

IMIPRAMINE 

1959 

First synthesized as an analogue of chlor-

promazine(10, 143) 

Four years after the discovery of chlorprom-

azine, the quest for its analogues was intense. 

Roland Kuhn, director of a psychiatric hospi-

tal on a tight budget, asked a drug manufac-

turer if they had any of these antipsychotics 

they would like to try out on their schizo-

phrenic patients. After receiving and testing 

G22355, he observed that not only it had no 

antipsychotic effect, it even exacerbated the 

schizophrenia of patients who had been get-

ting better by chlorpromazine. He then de-

cided to test G22355 on his depressed pa-

tients. After three weeks, most of these pa-

tients were drawn out of their suffering. Imi-

pramine was born(10, 143). 

“In a climate of pessimism regarding present-

day drug development, it may be instructive 

to look back at the research methods of 60 

years ago, when a generation of ground-

breaking psychotropic drugs was discovered. 

The study that identified the first antidepres-

sant is a case in point. In 1955, Roland Kuhn, 

a 43-year-old Swiss psychiatrist, examined 

the antidepressant effects of an unknown 

Geigy compound designated G22355. Kuhn 

worked in a psychiatric hospital in the small, 

remote Swiss village of Münsterlingen. He 

was trained in psychodynamic psychiatry and 

had a scientific interest in existential psycho-

analysis. At the same time, he had been 

caught up in the excitement surrounding the 

discovery, several years previously, of the 

antipsychotic effects of chlorpromazine. 

Drug companies, including Geigy, were col-

laborating with hospital-based psychiatrists 

like Kuhn to come up with other compounds 

that would have the antipsychotic effects of 

chlorpromazine. Working closely with Geigy 

scientists, Kuhn had tried a number of com-

pounds bearing structural similarity to chlor-

promazine in patients with schizophrenia. 

None of these compounds had much of an ef-

fect on psychotic symptoms. But Kuhn noted 

that although one of these compounds, 

G22355, did not reliably improve psychotic 

symptoms, some of the schizophrenia 

https://drugs.ncats.io/drug/OGG85SX4E4


80 

 

patients became hypomanic from it. Further-

more, G22355 seemed to alleviate depression 

in the few schizophrenia patients who had 

prominent depressive symptoms. With the 

encouragement and support of Geigy, Kuhn 

then undertook a study of the antidepressant 

effects of G22355. 

It is noteworthy that Kuhn trusted his initial 

observations and pursued this study despite 

the fact that in the prevailing psychiatric cul-

ture the idea that a drug alone could cure de-

pression was implausible and despite his psy-

choanalytic perspective on psychopathology 

and its treatment. 

Kuhn gave G22355, later named imipramine, 

to about 100 depressed patients and reported 

the results in a paper published in the August 

31, 1957, issue of the Swiss Medical Weekly 

(1). The following week, he presented his re-

sults at The Second International Congress of 

Psychiatry in Zurich. There were about a 

dozen people in the audience who, in general, 

seemed oblivious to the fact that the quiet-

spoken, dignified man at the podium was 

bringing them ground-breaking news. 

Kuhn’s original paper appeared in German. 

In its six pages, he provided, with notable 

thoroughness and accuracy, almost all the es-

sential information about imipramine, includ-

ing its clinical effects, the type of depression 

it most benefits, its delayed onset of action, 

and its anticholinergic and other side effects. 

He wrote nothing about his method for as-

sessing patients, but in reminiscing about this 

study 40 years later, he pointed out that he es-

chewed rating scales, relying instead on close 

and frequent (sometimes daily) observation 

of his patients and that he also paid close at-

tention to the comments of nursing 

staff(145).” 

From the discoverer, Dr. Roland Kuhn, in his 

article, “Artistic imagination and the discov-

ery of antidepressants”: 

“The psychopharmacological way of think-

ing and researching nowadays is based on the 

scientific principle of precision. Rating scales 

and statistics supply precise results obtaina-

ble at all times. The patient who is suffering 

is hardly ever mentioned and in a extreme 

case appears only under ‘items’. These are 

then transformed into figures which are to be 

used in calculation and presented in the form 

of tables and curves. Research of this type 

bears no comparison with ‘artistic imagina-

tion’: consequently, the title of this article 

must seem absurd to today’s researchers and 

clinical psychopharmacologists(146).” 

FLUPHENAZINE 

1959 

Analogue of chlorpromazine(2) 

TRIFLUOPERAZINE 

1959 

Analogue of chlorpromazine 

INDOCYANINE GREEN 

1959 

Diagnostic 
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CARBAMAZEPINE 

1959 

First synthesized as an analogue of chlor-

promazine(147) 

“Following the introduction of the antipsy-

chotic drug chlorpromazine in the early 

1950s, eager attempts were made to find fur-

ther psychoactive substances with a more fa-

vourable side effect profile. By retaining the 

tricyclic structure and making some small 

changes to the molecule, both tricyclic anti-

depressants and carbamazepine were devel-

oped.  

Carbamazepine was synthesised in 1953 but 

its efficacy against psychosis and depression 

was disappointing. On the other hand, it was 

found – somewhat surprisingly – that the 

drug worked well against trigeminal neural-

gia. The drug’s antiepileptic properties were 

discovered by chance a few years later. While 

chlorpromazine and tricyclic antidepressants 

lower the seizure threshold, carbamazepine 

has the opposite effect. Similarly-structured 

substances can thus have completely opposite 

effects on the central nervous system(147).” 

“The development of carbamazepine was 

based on the neuroleptic drug chlorproma-

zine from Firma Rhône-Poulenc in Lyon. 

Jean Pierre and Pierre Deniker, French psy-

chiatrists, used chlorpromazine in Centre 

Hospitalier Sainte Anne in Paris to treat pa-

tients with schizophrenia. However, research 

on neuroleptic drugs continued in Geigy labs; 

carbamazepine was synthesized by Schindler 

and Blattner at J. R. Geigy AG, Basel, Swit-

zerland, 1953, in the course of development 

of another antidepressant drug imipramine. 

Initial animal screening showed that carbam-

azepine was effective against trigeminal neu-

ralgia, which was confirmed by clinical trials. 

Antiepileptic effects were reported in 1963 

and 1964. It was used as an anticonvulsant 

drug in the UK since 1965 and has 

been(148).” 

CYCLOPHOSPHAMIDE 

1959 

Analogue of mechlorethamine 

BENZPHETAMINE 

1960 

Analogue of amphetamine 

DIPHENOXYLATE 

1960 

Meperidine (pethidine) was at first intro-

duced as an anticholinergic synthesized 

based on atropine and scopolamine. In clinic, 

it had shown opium-like analgesic and anti-

diarrheal effects. In order to separate these 

activities, Paul Janssen used Straub mouse 

tail test for opiate activity and the electrically 

driven guinea pig ileum in vitro for 
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antispasmodic activity. He succeeded in in-

vention of loperamide, diphenoxylate, and 

fentanyl(149). 

CHLORDIAZEPOXIDE 

1960 

First synthesized as an analogue of chlor-

promazine 

“As was the case with most of the psycho-

tropic drugs discovered in the 1950s, scien-

tific chance played a substantial role the de-

velopment of the benzodiazepines […] 

In 1954, he decided to continue his studies of 

some tricyclic compounds (heptoxdiazines) 

that he had synthsised at the University of 

Crakow 20 years previously, during his post-

doctoral studies of colourings. The recent 

commercialization of chlorpromazine in 

France in 1952, and its tricyclic chemical 

structure, made Sternbach wonder whether 

some modifications to the lateral chains of his 

old compounds could endow them with prop-

erties similar to the new neuroleptic agent. To 

that end, he focused on a substance ‘known 

as 4,5-benzo (hepto 1,2,6-oxdiazine) in the 

German literature’ […] 

Using this substance, the Hoffmann-LaRoche 

researcher developed 40 new compounds 

from the reaction of his key product, a haloal-

kane, with a number of secondary amines, se-

lected to give them some structural similarity 

to the recently marketed tricyclic substances. 

However, when Lowell O. Randall, director 

of Pharmacological Research at Roche, stud-

ied the sedative, anticonvulsants and relaxant 

properties of these compounds, the results 

were negative (the first failure). Further 

chemical studies showed that the tricyclic 

system in the key intermediate product of 

synthesis was not benzoheptoxydiazine as 

previously believed, but was instead 3-oxido-

quinazoline, and this appeared to be the rea-

son for the lack of biological activity among 

the derivatives synthesised from the interme-

diate synthesis (the first error). However, the 

last of the analogues (Ro 5-0690) synthesised 

by Sternbach had not yet been studied, and a 

year and a half later (May, 1957), his col-

league Earl Reeder (the first twist of chance) 

‘drew his attention to a few hundred milli-

grams of two products, a nicely crystallized 

base and its hydrochloride... Pharmacological 

tests had not been run on these products at the 

time, as we were busy with other problems... 

Instead of throwing them away, we submitted 

the water-soluble salt for pharmacological 

testing. We thought that the expected nega-

tive pharmacological results would cap our 

work on this series of compounds... We had 

no idea that this would be the start of a pro-

gram that would keep us occupied for years 

to come.’ Randall confirmed that this com-

pound was superior to meprobamate in many 

trials in terms of anxiolytic activity and as a 

central muscle relaxant, and also had some 

sedative properties similar to chlorproma-

zine, and lacked any significant adverse ef-

fects (first success). Of particular interest was 

its calming effect, observed in a colony of 

wild monkeys whose level of alertness was 

not affected. On 26th July 1957, Randall 

wrote a few words that are today part of the 

history of psychopharmacology: “The sub-

stance has hypnotic, sedative, and antistrych-

nine effects in mice similar to meprobamate. 

In cats it is about twice as potent in causing 

muscle relaxation and ten times as potent in 

blocking the flexor reflex(150)” 

From an interview with the discoverer, Leo 

Sternbach: 

“In the 1950s and 1960s, when tinkering with 

new drugs, he tested them on himself. After 
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trying one particularly potent medicine, he 

had so much trouble walking that he asked 

colleagues to call his wife to pick him up. ‘I 

got very disoriented and was half-conscious,’ 

he recalls. ‘For two days, I was not at all 

well.’(151).” 

MEPIVACAINE 

1960 

Analogue of lidocaine 

METHOHEXITAL 

1960 

Analogue of pentobarbital 

ETHOSUXIMIDE 

1960 

Analogue of methsuximide 

See the methsuximide entry. 

“Ethosuximide has very definite effects in a 

variety of animal models but has failed to 

have any demonstrable action in most in vitro 

models. Indeed, ethosuximide even fails to 

prevent pentylenetetrazol-induced bursting 

in hippocampal slices despite its marked ef-

fectiveness against pentylenetetrazol in 

vivo(131).” 

VALPROIC ACID 

1960 

“valproic acid was thought to be pharmaco-

logically inert and, being a liquid, was used 

as a solvent. It was only in 1963 that its anti-

convulsant properties were serendipitously 

discovered(152).” 

“Like many important discoveries in the his-

tory of pharmacology, valproate was not de-

veloped by any ‘rational strategy,’ but its an-

ticonvulsant activity was serendipitously dis-

covered by Pierre Eymard in France in 1962. 

Valproic acid was first synthesized in 1882, 

by Burton, but there was no known clinical 

use until its anticonvulsant activity was for-

tuitously discovered by Eymard. Because 

valproic acid is a liquid, it was used as a lip-

ophilic vehicle to dissolve water-insoluble 

compounds during preclinical drug testing. 

As part of his thesis in 1962, Eymard had syn-

thesized a number of khelline derivatives 

[…] 

Carraz proposed to test the most active deriv-

ative in the pentylenetetrazole (PTZ) seizure 

test. By doing this, the researchers found that 

the vehicle, valproate, alone exerted an anti-

convulsant effect. Similarly, Meunier, by dis-

solving a coumarin derivative in valproate 

also found an anticonvulsant effect of the ve-

hicle valproate alone in the PTZ test in rab-

bits(153).” 

MAGALDRATE ANHYDROUS 

1960 

Used because of its basic activity 

CHLOPHEDIANOL 
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1960 

Analogue of diphenhydramine 

“Chlophedianol is an antitussive agent with 

antihistaminic and anticholinergic actions. It 

has no advantages over dextromethorphan. It 

has mild local anesthetic properties. It is 

structurally related to diphenhydramine. A 

cough syrup containing chlophedianol was 

approved in 1960 based only on safety 

data(154).” 

SPIRONOLACTONE 

1960 

“It is a potent antimineralocorticoid which 

was developed as a progestational ana-

log(155).” 

Its antiandrogenic effect was later observed 

in patients receiving it: 

From a letter reporting gynecomastia in after 

prescribing spironolactone for one of his pa-

tients: 

“I would be very interested to know whether 

any of your readers have encountered gynae-

comastia during spironolactone (‘Aldac-

tone’) treatment(156).” 

AMPICILLIN 

1960 

Analogue of penicillin(21) 

CHLORTHALIDONE 

1960 

Analogue of chlorothiazide 

CYPROHEPTADINE 

1961 

Analogue of diphenhydramine(21) 

PROPYLENE GLYCOL 

1961 

Used for its physical properties 

PSEUDOEPHEDRINE 

1961 

Naturally available in the Ephedra plant 
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which has been used in eastern traditional 

medicine and was first researched in west in 

1889. 

DICLOXACILLIN 

1961 

Penicillin analogue(21) 

PHENDIMETRAZINE 

1961 

Analogue of amphetamine 

COLISTIMETHATE 

1961 

“Colistimethate is a methanesulfonate of pol-

ymyxin antibacterial colistin. Colistimethate 

is a nonactive prodrug. In aqueous solutions, 

colistimethate is hydrolyzed and forms a 

complex mixture of partially sulfomethylated 

derivatives and colistin(1).” 

RACEPHEDRINE 

1961 

Synthetic racemic ephedrine 

AMITRIPTYLINE 

1961 

Analogue of imipramine 

PYRITHIONE 

1961 

Based on and synthesized from the natural 

antimicrobial aspergillic acid(157) 

Discovery of aspergillic acid: 

From the discovery paper: 

“In 1940 one of us (White) reported that a 

strain of Aspergillus flavus, grown on certain 

liquid media, yielded filtrates that showed an-

tibacterial activity against certain gram-neg-

ative as well as gram-positive bacteria. This 

was the second reported case of such behav-

ior by a mold, the first being that of Fleming 

(1929) […] The present paper presents de-

tails of the isolation of an active crystalline 

substance from liquid cultures of our strain of 

Aspergillus flavus. […] We propose to call 

our substance ‘aspergillic acid.’ […] 

The filtrates have been tested against the fol-

lowing organisms: (a) Pseudomonas aeru-

ginosa, (b) Proteus, (c) Staphylococcus au-

reus, (d) group A beta hemolytic 
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streptococcus, strain 203, (e) Streptococcus 

fecalis, (f) Escherichia coli, (g) Aerobacter 

aerogenes. No inhibition was noted in the 

case of the first two organisms,  even with the 

dilute inoculum. The results with the other 

organisms were  variable(158).” 

FLURANDRENOLIDE 

1961 

Analogue of cortisone 

FLUOCINOLONE ACETONIDE 

1961 

Analogue of cortisone(21) 

Error in similarity calculation by FTrees 

TRANYLCYPROMINE 

1961 

First synthesized in 1940, it was originally in-

tended to become a nasal decongestant as an 

analogue of amphetamine. Yet, it failed as a 

decongestant(159). Its Monoamine oxidase 

activity was shown in rabbits, as producing 

central nervous system stimulation and 

marked rise in rectal temperature, and also by 

measuring the rate of disappearance of sero-

tonin incubated with rat brain homoge-

nates(160, 161). Because the antidepressant-

like effect observed serendipitously from the 

antitubercular agent, iproniazid, was being 

attributed to its MAO inhibitor activity, it 

was postulated at the time that inhibiting this 

enzyme may be therapeutic for depression. 

As the MAO inhibitory activity of tranylcy-

promine had also been shown previously, it 

was suggested that like iproniazid, it may 

have some antidepressant effect. This was 

tested in a clinical trial in 1959(143, 162, 

163). 

METYRAPONE 

1961 

Diagnostic 

CLIOQUINOL 

1961 

Analogue of iodoquinol 

From a 1931 article: 

“Chiniofon, N. N. R., introduced 

commercially as “yatren”, and first tried 

clinically in amebiasis by Muhlens and 

Menk’ in 1921, has had some popularity as 

an amebicidal agent. Chemically chiniofon is 

sodium-iodoxy-quinoline-sulphonate, and is 

related to chinosol N. N. R. (oxyquinoline 

sulphate) and vioform N. N. R. 

(iodochloroxyquinoline) . Since chiniofon 

has been claimed to have amebicidal activity, 

we thought it might be of interest to study it 

from this standpoint in comparison with as 

many related compounds as we could secure. 

[…] 

These substances have been studied with 

respect to toxicity on oral administration to 

guinea-pigs, rabbits, and cats; balanticidal 

action in naturally infested guinea pigs; 

amebicidal action in vitru, and therapeutic 

effect in monkeys naturally infested with 

intestinal parasites(164).” 

I could not find the paper of Mühlens and 
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Menk cited in the preivous quotation: 

Mühlens, P., and Menk, W., Munch. Med. 

Tochnschr., 1921, 68, 802. 

SULFAMETHOXAZOLE 

1961 

Analogue of sulfanilamide 

PHENELZINE 

1961 

Analogue of isocarboxazid 

ALLANTOIN 

1961 

“THE story of the development of this new 

tissue promoting substance, allantoin, seems 

to answer in the affirmative the question, 

‘Does man know by instinct what will cure 

his ills?’ It is an interesting fact that for cen-

turies European peasants have been healing 

ulcers with the root of a plant called comfrey, 

which is rich in allantoin. Of course, they did 

not know this plant contained allantoin. They 

discovered empirically the healing virtues of 

comfrey. 

Ambrose Paré in 1652 observed unusually 

rapid healing in suppurating wounds in which 

blowflies had deposited their eggs. Larrey in 

1829 observed that wounds infested with 

maggots healed rapidly. Malgaigne in 1847 

made an observation concerning the action of 

maggots in the treatment of compound frac-

tures. Similar observations were made during 

the Civil War by Keen and Zacharias who 

stated that maggots exerted a healing influ-

ence on infected wounds. However, it re-

mained for Baer of Johns Hopkins Medical 

School, to make the first deliberate therapeu-

tic application of this principle, with such re-

sults that this method of treatment has be-

come an accepted procedure and numerous 

reports have appeared in medical literature 

amply confirming his results. […] 

[M]aggots secrete a substance into the wound 

which directly stimulates the healing process, 

a theory frequently expressed in the litera-

ture. 

Simmons showed that maggots excrete a bac-

tericidal substance particularly potent to 

Staphylococcus aureus, Streptococcus hemo-

lyticus and Clostridium Welchii. […] 

Robinson has undertaken an investigation to 

determine the healing principle contained in 

the excretion of maggots. He demonstrated 

that allantoin was found in the crystals ob-

tained from the excretions of maggots. Fur-

ther experiments have established that allan-

toin possesses healing action upon chronic 

non-healing wounds with edamatous, indo-

lent tissues lining the wounds and discharg-

ing pus, particularly when poor in circulation. 

[…] 

Twenty-four years ago, in 1912, Macalister 

found allantoin a very efficient cell prolifer-

ant. He tried pure allantoin solution in the 

treatment of chronic ulcers. He also used it 

internally in the treatment of gastric and duo-

dena1 ulcers, with success(165).” 

BETAMETHASONE 

1961 

Corticosteroid analogue(21) 

Error in similarity calculation by FTrees 
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VINBLASTINE 

1961 

“In March 1958, speaking on behalf of his 

small team, Noble read the original vinca pa-

per with its master narrative at a cancer re-

search symposium at the New York Acad-

emy of Science. He said the ‘chain of events’ 

began in 1949 when the Collip lab-ever de-

voted to endocrinology-was investigating the 

presence of hormone activity in ‘various 

plant extracts to which historical hearsay had 

ascribed empirical uses by primitive peo-

ples.’ He continued: 

‘The disease of cancer was certainly far from 

our minds when we learned of a tea made 

from the leaves of a West Indian shrub that 

was supposedly useful in the control of dia-

betes mellitus. C.D. Johnston of Black River 

Jamaica, ... had been curious about the bene-

fits of a tea made from ... periwinkle ... and 

he forwarded a supply of the material to us’ 

Researchers everywhere were keen to find a 

source of oral hypoglycemic agents that 

would eliminate the needle injections re-

quired by insulin. But oral administration of 

periwinkle extracts in rats had no effect on 

blood sugar or glucagon levels. Noble sent 

pediatrician John C. Rathbun and endocrinol-

ogist Hugh A. McAlpine to visit Johnston in 

Jamaica to find out more about the prepara-

tion of the tea. Much later the investigators 

learned that the antidiabetic potential of oral 

periwinkle had already been investigated and 

refuted by Australian researchers in the late 

1920s. 

Trying to improve on their own results, No-

ble’s team decided to inject the water extracts 

of periwinkle into the rats. This time, he said, 

the animals were ‘obviously affected but in 

an unexpected manner’: they all died. Au-

topsy revealed multiple abscesses. The team 

noted that the offending bacteria (Pseudomo-

nas) were the same as those ‘isolated in rats . 

. . receiving large doses of cortisone.’ Noble 

continued: ‘Apparently some natural barrier 

to infection was being depressed by both 

types of treatment. Further studies readily lo-

calized the action of the V[inca] rosea ex-

tracts-a rapidly falling white blood count, 

granulocytopenia, and profoundly depressed 

bone marrow.’ 

Noble’s lab worked ‘spasmodically’ on the 

problem, he said, and ‘an intensive study was 

not started until 1955.’ He went on to explain 

the elegant biochemical work accomplished 

to isolate the active substance by extraction 

and chromatography, using the white blood 

count as an assay. Preliminary studies of the 

activity of the unpurified extracts were pub-

lished in 1955 and 1957. A photograph of the 

crystalline product accompanied the 1958 pa-

per. He concluded with a report of the effects 

on blood and bone marrow of healthy rats 

given the purified substance. Due to a lack of 

materials, only ‘limited investigations for 

carcinostatic [anti-cancer] activity’ had been 

made in vitro on a transplantable mammary 

adenocarcinoma of the mouse and a trans-

plantable rat sarcoma(166).” 

GLYCOPYRROLATE 

1961 

Analogue of atropine 

The tertiary amine in atropine is converted to 

quaternary ammonium to reduce CNS pene-

tration 

DIPYRIDAMOLE 

1961 

“Here is where the discovery of antithrom-

botic properties of dipyridamole was made. 
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Mitchell observed in vivo (particularly in-

tracerebral arteries investigated for other rea-

sons) that dipyridamole treatment resulted in 

the prevention of thrombus formation. This 

finding was further investigated in vitro, but 

direct inhibition of platelet aggregation was 

only seen in supratherapeutic concentra-

tion(167).” 

From Mitchell, one of the discoverers of di-

pyridamole’s antithrombotic activity: 

“Serendipity came to our aid, for three 

agents, widely used for other indications, and 

therefore of proven safety, were shown to 

modify platelet activities (the vasodilator, di-

pyridamole’ 2; the uricosuric, sulphinpyra-

zone, and the panacea for all bodily ills, aspi-

rin)(168)” 

The experiments used in the paper discover-

ing the antithrombotic effect of dipyridamole 

were done in Grey chin chilla rabbits. 

“A new synthetic compound, Persantin (RA-

8 or 2,6-Bis(diethanolamino)-4,8-dipiper-id-

ino-pyTimido- (5,4-d) -pyrimidine), has re-

cently been reported to produce coronary 

vasodilation without an associated increase in 

cardiac work. Although the mechanism re-

sponsible for the coronary vasodilation pro-

duced by Persantin has not been elucidated, 

there are some indications that an indirect ac-

tion on myocardial nucleoside metabolism 

may be involved(169).” 

COPPER UNDECYLENATE 

1961 

“It should be borne in mind that the initial and 

principal object of the physician was the dis-

covery of the cause and the control of epi-

demic scalp ringworm. In order to find the 

best topical medication for scalp ringworm, a 

number of chemicals already in use were 

tried. In addition, a number of representative 

chemicals with known fungicidal properties 

when used as mildew-proofing agents on fab-

rics, lumber, and other materials were tried. 

[…] 

Copper undecylenate:-A special ointment 

prepared by the Dermatoses Section, contain-

ing a saturated solution of copper undecyle-

nate in Carbowax 1500, was next to the most 

efficacious preparation tried(170).” 

THIORIDAZINE HYDROCHLORIDE 

1962 

Analogue of chlorpromazine 

OXACILLIN 

1962 

Analogue of penicillin(21) 

COLISTIN 

1962 

Analogue of polymyxin B(2) 

Error in similarity calculation by FTrees 

FLUOROURACIL 

1962 

From the discovery paper: 

“IN view of the profound biological effects 

often obtained when fluorine is substituted 

for hydrogen in several classes of compounds 
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1 and because of the effectiveness, albeit lim-

ited, of various nucleic acid analogues in the 

treatment of human and animal cancer, it was 

felt that a fluorine-substituted purine or py-

rimidine might display tumour-inhibitory ac-

tivity. Attention was focused on the pyrim-

idines because of suggestions that uracil may 

be utilized preferentially for nucleic acid bio-

synthesis in tumours, and from the demon-

stration by Welch and his colleagues of tu-

mour-inhibitory activity of 6-azauracil. Ac-

cordingly, we have synthesized a number of 

hitherto unknown 5-fluoropyrimidines and 

their 2-thio derivatives. 5-Fluorouracil (I Ro 

2-9757) and 5-fluoro-orotic acid (II Ro 2-

9945) exert considerable anti-tumour activity 

against transplanted tumours in rats and mice, 

whereas 5-fluorocytosine (III Ro 2-9915) and 

various 2-thio derivatives have been inactive. 

[…]  

To date, 5-fluoro-uracil and 5-fluoro-orotic 

acid have demonstrated growth-inhibitory 

activity against the following transplanted tu-

mours in rats and mice: Flexner-Jobling car-

cinoma, Walker 256 carcino- sarcoma, Yo-

shida ascites tumour, Shay’s chloroleukae-

mia, Sarcoma 180, Ehrlich ascites carcinoma, 

L-1210 leukaemia, E0771, mammary adeno-

carcinoma 755, and Sarcoma A-1 (a trans-

plantable sarcoma derived from a dibenzan-

thracene-induced tumour ; Buck, un-

published) […] 

In the work with solid tumours we have cal-

culated their volumes, instead of weighing. 

This was done so that the determinations 

could be made repeatedly in order to assess 

the growth-rate of the tumours and the dura-

tion of effect of the drugs. It will be noted 

from Table 1 that in all cases in which they 

have been compared, 5-fluoro-uracil is more 

effective than 5-fluoro-orotic acid. A very 

significant inhibition of growth of all four tu-

mours was produced by 5-fluoro-uracil, and 

a more pronounced effect was observed with 

repeated rather than with single doses. […] 

With respect to in vitro anti-microbial activ-

ity, 5-fluoro-uracil is qualitatively different 

from 5-bromo- uracil. Whereas the latter has 

no significant activity, 5-fluoro-uracil in a 

cylinder-plate test procedure exerts a marked 

inhibitory effect on the following organisms 

three of which are Gram-negative: Strepto-

coccus faecalis, Bacillus simplex, E. bacillus, 

Sarcina lutea, Bacillus subtilis, Staphylococ-

cus aureus, B. cereus, B. megatherium, Esch-

erichia coli, Proteus vulgaris, Azotobacter 

vinelandii and Scopulariopsis brevicaulis. 

The activity against Proteus vulgaris is half 

that of streptomycin. In addition, 5-fluoro-

uracil has profound activity when tested in 

semi-synthetic media against Lactobacillus 

leichmanii, Saccharomyces carlsbergensis, 

L. arabinosus, L. casei and S. faecalis. […] 

It is evident that 5-fluoro-uracil exhibits 

greater than 5,000 times the activity of 5-

bromo-uracil, five times the activity of 5-

fluoro-cytosine, and twenty-five times the ac-

tivity of 5-fluoro-orotic acid. The thio com-

pound is considerably less potent. With L. 

leichmanii, the inhibitory activity of 5-

fluoro-uracil was reversed, in order of de-

creasing activity, by thymidine, thymine, 5-

methyl-cytosine, uracil and cytosine(171).” 

From another related paper from the discov-

erer(s): 

“Although it has been shown that the injec-

tion of N15-labeled pyrimidines into normal 

adult rats does not lead to appreciable label-

ing of the total nucleic acids, Rutman et al. 

have made the interesting observation that 

uracil-2-C14 is incorporated into the nucleic 

acids of rat hepatomas induced by 2-acetyla-

minofluorene to a considerably greater extent 

than into those of normal liver. Because of 

the possible chemotherapeutic implications 

of this finding and as a continuation of the 

work in this laboratory on the biosynthesis of 

nucleic acids, experiments were undertaken 

to determine whether uracil is also incorpo-

rated into the nucleic acids of transplantable 
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tumors or into other normal growing tissues. 

The three tissues chosen were rat liver (both 

of normal and tumor-bearing animals), intes-

tinal mucosa, and the Flexner-Jobling carci-

noma(172).” 

METAXALONE 

1962 

Analogue of mephenesin and methocarbamol 

METHYLDOPA  

1962 

It was first synthesized in a search for chemo-

therapeutic compounds. 

“As part of a program to investigate chemo-

therapeutic possibilities among amino acid 

analogs, our attention was turned to deriva-

tives of phenylalanine and particularly of the 

biologically important 3,4-dihydroxyphenyl-

alanine (DOPA) (173)” 

From the discoverer(s): 

“The blood pressure reducing effects of a-

methyl-3,4-dihydroxy-dl-phenylalanine (me-

thyldopa) were discovered by us in human 

hypertensive subjects in the fall of 1959. To 

that point in time, the compound had not been 

considered to have any intrinsic pharmaco-

logical activity and its therapeutic potential 

was not predictable. The compound was ad-

ministered to patients because of its biochem-

ical properties as a competitive inhibitor of 

dopa-decarboxylase, and as part of an ongo-

ing clinical research programme on the inter-

relationships between alterations in vasoac-

tive amine metabolism and blood pressure in 

patients with hypertension. Administration of 

doses sufficiently large (g quantities) to pro-

duce a biochemical (enzyme-inhibitory) ef-

fect in the intact human was an essential in-

gredient for discovery of the antihypertensive 

effects(174).” 

IOTHALAMATE MEGLUMINE 

1962 

Contrast agent 

DIAZEPAM 

1963 

Analogue of chlordiazepoxide 

METRONIDAZOLE 

1963 

It was discovered on the basis of assessing 

both the safety (LD50 in mice, rats and dogs) 

and activity (treating the inoculation of T. 

vaginalis in mice) of different compounds 

isolated from a strain of Streptomyces. Its an-

tibacterial effect was later discovered acci-

dentally(175-177). 

“Metronidazole is one of the rare examples of 

a drug developed against a parasite which has 

since gained broad use as an antibacterial 

agent. Briefly, at Rhone-Poulenc labs in 

France, extracts of Streptomyces spp. were 

screened for activity against Trichomonas 
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vaginalis, a cause of vaginal itching. Azomy-

cin, a nitroimidazole, was identified, and 

metronidazole, a synthetic derivative, was 

used to treat chronic trichomonad infections, 

beginning in 1959(175)” 

“The antibacterial activity of metronidazole 

was discovered by accident in 1962 when 

metronidazole cured a patient of both tricho-

monad vaginitis and bacterial gingivi-

tis(175)”(176) 

DESIPRAMINE 

1964 

Analogue of imipramine 

NORTRIPTYLINE 

1964 

Analogue of imipramine 

TRIAMTERENE 

1964 

“The triamterene ring system is found in 

many naturally occurring compounds, such 

as folic acid and riboflavin. These com-

pounds are important in the regulation of me-

tabolism in humans. The observation that 

xanthopterin was capable of effecting renal 

tissue led Wiebelhaus, Weinstock, and 

associates to test a series of pteridines in a 

simple rat diuretic screening procedure. One 

compound, 2,4-diamino-6,7-dimethyl-pteri-

dine showed sufficient diuretic activity to en-

courage further investigation of the diuretic 

potential of the pteridines. A number of re-

lated 2,4-diaminopteridines were studied, but 

only 2,4-diamino-6,7-dimethyl-pteridine 

showed good activity in both the saline-

loaded and saline-deficient rat. Changes in 

the 2,4-diamino part of the molecule resulted 

in a marked decrease in diuretic activ-

ity(178).” 

NAFCILLIN 

1964 

Penicillin analogue(21) 

VINCRISTINE 

1963 

Analogue of vinblastine(166) 

LINCOMYCIN 

1964 

“The term lincomycin is based on Lincoln, 

Nebrasca, where the antibiotic was first 
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isolated from Streptomyces lincolnensis in a 

soil sample(179).” 

I could not find the earliest paper reporting 

lincomycin(180), yet, based on the time of 

discovery and the trends at that time, and a 

related paper(181), it seems that it was prob-

ably discovered based on screening the sam-

ples against various bacteria in vitro and in 

vivo(179, 181). 

OXYMETAZOLINE 

1964 

Analogue of naphazoline 

MELPHALAN 

1964 

Analogue of nitrogen mustard 

DACTINOMYCIN 

1964 

“The group name actinomycin was coined by 

Waksman, who discovered these antibiotics 

in cultures of Actinomyces antibioticus in 

1940. Only 9 years later publications re-

vealed a first glimpse into the structure of ac-

tinomycins(182).” 

From the discovery paper: 

“A comparative study of the inhibitory effect 

of the active substance against a large number 

of bacteria, using solid or liquid culture meth-

ods, brought out the fact that many of the 

Gram-positive bacteria were largely or com-

pletely inhibited by a concentration of 0.1 mg 

per liter of medium(183).” 

AMINOCAPROIC ACID 

1964 

Analogue of the amino acid, lysine 

NALBUPHINE 

1964 

Analogue of morphine(21) 

PRALIDOXIME 

1964 

Antidote 

DOXAPRAM 

1965 

“It is known chemically as 1-ethyl-4-(2-mor-

pholinoethyl)-3,3-diphenyl-2-pyrrolidinone. 

Doxapram was first synthesized in 1962 and 

found to have a strong, dose-dependent res-

piratory stimulant action in mammals. A 

pressor response following doxapram admin-

istration was also noted. Both of these effects 

were perceived to occur via stimulation of the 
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central nervous system (CNS). In fact, ani-

mals ‘anesthetized’ with phenobarbital were 

awakened by high dose intravenous 

doxapram while untreated animals developed 

convulsions. As such doxapram has been cat-

egorized as an analeptic agent (a stimulant of 

the central nervous system) with greater mar-

gin of safety than other CNS stimulants avail-

able at that time such as picrotoxin or pen-

tylenetetrazol(184).” 

I could not find the discovery paper cited in 

the previous quotation: 

Ward JW, Franko BV. A new centrally acting 

agent (AHR-619) with marked respiratory 

stimulating, pressor, and “awakening” ef-

fects. Fed Proc 1962;21:325. 

INDOMETHACIN 

1965 

It was discovered by screening 350 com-

pounds in these animal models: carrageenan-

induced rat paw model of inflammation, cot-

ton string granuloma test, erythema elicited 

in the depilated skin of guinea pigs following 

irradiation with ultraviolet (UV) light: 

“Across the Atlantic, Charles Winter, ini-

tially at Merck, Sharp, and Dohme and later 

at Parke-Davis, tried to develop his own 

model of inflammatory pain. He eventually 

developed the cotton string granuloma test 

and used it to identify indomethacin (synthe-

sized by T. Y. Shen) as a potent antiinflam-

matory drug. Indomethacin was also particu-

larly active in the carrageenan-induced rat 

paw model of inflammation. This assay 

turned out to be especially useful for measur-

ing antiinflammatory activity. A similar 

model hadbeen used earlier by Randall and 

Selitto for detecting the analgesic activity of 

new compounds. Through the use of these 

models, 3 different chemical classes of drugs 

were discovered. First, Merck, Sharp, and 

Dohme identified indole antiinflammatory 

agents. Among 350 indole compounds 

screened in animals, the most successful were 

indomethacin (marketed in 1964) and su-

lindac. Indomethacin is still regarded as the 

gold standard for a compound that combines 

both anti-inflammatory and analgesic activ-

ity(185).” 

OXAZEPAM 

1965 

Analogue of chlordiazepoxide(21) 

ETHIONAMIDE 

1965 

Analogue of isoniazid 

TOLNAFTATE 

1965 

“This compound was developed by Japanese 

scientists who, over a ten-year period, as-

sayed 3,000 topically applied drugs for tox-

icity and antifungal activity. In 1960, O-2-

naphthyl m, N-dimethylthiocarbanilate was 

synthesized. This compound (tolnaftate) had 

antifungal activity and a low sensitizing in-

dex(186).” 

I could not retrieve the discovery report(187), 

but according to the quoted paragraph which 

is from a related paper, and trends at the time, 
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it seems that the screening was taken place 

against fungi cultures or animals infected 

with fungi. 

PRILOCAINE 

1965 

Analogue of lidocaine 

COLLAGENASE CLOSTRIDIUM HISTO-

LYTICUM 

1965 

Homologous of an endogenous enzyme, col-

lagenase 

AMANTADINE 

1966 

“l-Adamantanamine (amantadine), a stable, 

colorless, crystalline amine with an unusual 

symmetrical structure, reproducibly and se-

lectively inhibits influenza viruses in tissue 

culture, chick embryos, and mice. The com-

pound studied is the water-soluble salt, aman-

tadine hydrochloride. Most of the tissue cul-

ture studies were carried out by plaque-inhi-

bition techniques similar to those described 

(1), although hemagglutination inhibition and 

hemadsorption inhibition methods were also 

used. […] 

Antiviral activity was also demonstrated in 

cultures of monkey kidney cells, canine kid-

ney cells and human amnion cells. The activ-

ity of amantadine hydrochloride in mice was 

similar to that in tissue culture and in chick 

embryos(188).” 

From the cited paper regarding the used tis-

sue culture studies: 

“A procedure has been developed whereby 

agar diffusion technics used in bacteriology 

can be applied to antiviral agents. Chick em-

bryo cell monolayers were grown in Pyrex 

baking dishes, infected with virus and over-

laid with agar. Filter paper discs impregnated 

with the test materials were deposited on the 

hardened agar surface. After proper incuba-

tion the virus produced plaques in the cell 

sheet. except in the area around a disc con-

taining an antiviral agent. Since size of the 

plaque-free zone was proportioned to con-

centration of the antiviral agent present in the 

disc. bioassays were simply performed in ex-

actly the same manner as done with antibac-

terial antibiotics(189).” 

Regarding the discovery of the therapeutic 

potential of amantadine for Parkinson’s Dis-

ease: 

“Serendipitous discovery can also occur 

when a valuable indication for a drug is found 

even though it was not originally sought. The 

unexpected benefit scenario played out in the 

1960s with the discovery that amantadine had 

important actions not just for addressing vi-

ruses and treating influenza, but also for treat-

ing Parkinson disease (PD) symptoms. […] 

In April 1968, a 58-year-old woman with PD 

had reported to them an improvement in ri-

gidity, tremor, and akinesia while taking 

amantadine for flu. She reported that her 

symptoms worsened upon stopping the med-

ication. Prior to this report, minor CNS stim-

ulation by amantadine was noted in animal 

studies and these symptoms included psycho-

motor agitation, tetrabenazine antagonism, 

anorexia, and convulsions. CNS stimulation 

and psychosis was also noted in human pa-

tients receiving 200 mg daily, and the CNS 

side effects were included in the package in-

sert. The manufacturer, Smith Kline & 

French, did not have any similar adverse case 

reports, and recommended a test on a small 

population of 10 patients. Seven of these ini-

tial 10 patients reported improvement in PD 
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symptoms without any side effects. These 

promising findings prompted the first clinical 

trial of amantadine for PD in June 

1968(190)” 

ETHYNODIOL 

1966 

Analogue of progesterone 

FUROSEMIDE 

1966 

“Muschaweck and Hajdu (1964) commented 

that, as the sulfonamide (thiazide) diuretics 

gained broad use in the late 1950s, several 

important side effects of relatively low inci-

dence became evident, for example, in-

creased K+ excretion, elevated blood glucose, 

and elevated serum uric acid levels. Because 

of this, Muschaweck and Hajdu considered 

that there was room for improvement in the 

area of sulfonamide diuretics. Synthetic ef-

forts in an aromatic sulfonamide series even-

tually led to the anthranilic acid derivative fu-

rosemide. In the dog, furosemide effected a 

considerable and equimolar excretion of Na+ 

and Cl-, accompanied by a greatly enhanced 

excretion of water, at doses that did not in-

crease K+ loss(191).” 

“The discovery of sulfonamides and the elu-

cidation of their mechanism propelled medic-

inal chemistry forward. In the drug discovery 

field, the sulfonamide structure proved to be 

a rich source of molecules with many differ-

ent, and useful, pharmacological properties. 

An early spin-off came from the clinical ob-

servation that some sulfonamides increased 

excretion of sodium bicarbonate in the urine 

by inhibiting carbonic anhydrase, an enzyme 

with an important role in renal bicarbonate 

excretion. This prompted researchers to de-

velop improved diuretics. Modification of the 

sulfonamide structure led eventually to acet-

azolamide the first commercially available 

carbonic anhydrase inhibitor, as a diuretic in 

1952. Following the diuretic trail led in turn 

to chlorothiazide (1957), the first of the thia-

zide diuretics, which is still in widespread 

use. Though devoid of carbonic anhydrase in-

hibitory activity, it was much more effective 

than acetazolamide in increasing sodium ex-

cretion. Still, further modifications led first to 

furosemide (1962)(192)” 

Also see the acetazolamide entry. 

THIOGUANINE  

1966 

Analogue of mercaptopurine (purine ana-

logue) 

GENTAMICIN 

1966 

Analogue of streptomycin 
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ALLOPURINOL SODIUM 

1966 

From the discoverer(s): 

“Since we knew from metabolic studies that 

6-thiouric acid was one of the principal prod-

ucts of 6-MP catabolism, it seemed possible 

that we could interfere with this oxidation by 

inhibiting the enzyme responsible for it, xan-

thine oxidase. In the early days of seeking an-

timetabolites for the natural purines in our la-

boratory, xanthine oxidase had been one of 

the test enzymes. Doris Lorz had identified 

many substrates as well as inhibitors of this 

enzyme. These compounds had also been 

tested on L. casei and on animal tumors. To 

test for xanthine oxidase inhibition in vivo, 

we chose a compound that had no inhibitory 

effects on bacteria or tumors, and was non-

toxic, but which was a potent inhibitor of 

xanthine oxidase. This compound was the hy-

poxanthine analog, 4-hydroxypyrazolo(3,4-

d)-pyrimidine (allopurinol). When allopuri-

nol was given to mice together with 6-MP, it 

did indeed inhibit the oxidation of 6-MP and 

potentiated the antitumor and immunosup-

pressive properties of 6-MP three- to four-

fold. Moreover, the toxicity of 6-MP to mice 

appeared to be potentiated only twofold, so 

that the chemotherapeutic index of 6-MP was 

increased. With the collaboration of Wayne 

Rundles, we explored this combination in pa-

tients with chronic granulocytic leukemia, in 

whom the efficacy and metabolism of 6-MP 

could be investigated. The oxidation of 6-MP 

to thiouric acid was found to be inhibited in a 

dose-related manner, and the antileukemic 

activity of 6-MP was potentiated proportion-

ally. When 300 mg of allopurinol was given 

together with 110 mg of 6-MP, 6-MP in-

creased fourfold, whereas urinary thiouric 

acid was four times lower. Later investiga-

tions showed that the increased activity of 6-

MP was accompanied by a proportional in-

crease in toxicity. Thus, although less 6-MP 

was required to produce an antileukemic 

effect, the therapeutic index of 6-MP for leu-

kemia remained essentially unchanged. 

Xanthine oxidase is responsible not only for 

the oxidation of 6-MP, but also for the for-

mation of uric acid from hypoxanthine and 

xanthine. Consequently, treatment with allo-

purinol produces a marked decrease in both 

serum and urinary uric acid. This presented 

the possibility of a unique approach to the 

treatment of gout and other forms of hyperu-

ricemia(113).” 

ACETYLCHOLINE 

1966 

“Acetylcholine was first synthesised in 1867, 

and forty years later it was shown to be an 

extremely potent physiological depressor ‘a 

hundred times more active in causing a fall of 

blood-pressure than is adrenaline in causing 

a rise.’ Adrenaline itself was isolated in 1894 

by Edward Schäfer and George Oliver […] 

It was not until 1913 that naturally occurring 

acetylcholine was first isolated in the WPRL 

by Dale and his colleague Arthur Ewins. 

Their discovery of acetylcholine as a rare 

contaminant in a batch of ergot was a ‘lucky 

accident’ that Dale was fond of claiming in 

later life. Dale gleefully reported at the time 

to T.R. Elliott: ‘We got that thing out of our 

silly ergot extract. It is acetyl-choline and a 

most interesting substance. It is much more 

active than muscarine, though so easily hy-

drolysed that its action, when it is injected 

into the blood-stream, is remarkably evanes-

cent, so that it can be given over & over again 

with exactly similar effects, like adrenaline. 

Here is a good candidate for the rôle of a hor-

mone related to the rest of the autonomic 

nervous system. I am perilously near wild 

theorising.” 

The following year Dale published an exten-

sive paper on the pharmacology of an array 

of choline derivatives, and he noted two prin-

cipal effects of acetylcholine: one that could 

https://drugs.ncats.io/drug/428673RC2Z
https://drugs.ncats.io/drug/N9YNS0M02X
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be reproduced by injections of muscarine; 

and one reproduced by nicotine. […] 

He listed several instances of close corre-

spondence between the effects of acetylcho-

line and the parasympathetic nervous system, 

but noted: 

‘The question of a possible physiological sig-

nificance, in the resemblance between the ac-

tion of choline esters and the effects of certain 

divisions of the involuntary nervous system, 

is one of great interest, but one for the discus-

sion of which little evidence is available. Ac-

etyl-choline is, of all the substances exam-

ined, the one whose action is most suggestive 

in this direction [of mimicking parasympa-

thetic activity]. [...] On the other hand there is 

no known depot of choline derivatives, corre-

sponding to the adrenine [adrenaline] depot 

in the adrenal medulla, nor, indeed, any evi-

dence that a substance resembling acetyl-

choline exists in the body at all.’ […] 

In 1921 the Austrian pharmacologist Otto 

Loewi performed what is now regarded as a 

classic experiment, when he revealed that a 

denervated beating frog’s heart could be 

made to slow and stop by the passage over it 

of fluid taken from that surrounding an inner-

vated heart that slowed and stopped in re-

sponse to stimulation of its vagus. Loewi sug-

gested that a chemical, which he called va-

gusstoff, was released from the vagus of the 

first heart upon stimulation and transferred to 

the second, denervated heart. 

Further work from Loewi and his colleagues 

showed that vagusstoff was a choline ester 

that was rapidly hydrolysed by an esterase, 

but he did not suggest that it was acetylcho-

line, which had still not been found to occur 

naturally in the animal body. Although Dale 

was one of those intrigued and excited by va-

gusstoff, and the possibility of its identifica-

tion as acetylcholine, he remained concerned 

about acetylcholine’s apparent absence from 

the animal body, as he confided to a col-

league at the beginning of 1929: 

‘We are still struggling with the acetylcholine 

problem, which I mentioned to you when I 

saw you in the autumn. I am more and more 

convinced that the thing is there to be found, 

if only we can overcome the technical diffi-

culties.’ 

Ironically, it was only a matter of months 

later that Dale and his chemist colleague at 

the NIMR, Harold Dudley did find acetylcho-

line as a natural constituent of the mamma-

lian body. It was particularly unexpected as 

they were actually looking for endogenous 

histamine. In the light of its natural occur-

rence, Dale and Dudley reviewed the sugges-

tive evidence of an acetylcholine-like sub-

stance being involved in a range of physio-

logical activities […] 

The eserinised leech muscle: the key to ac-

etylcholine 

Less than a year later, Henry Dale wrote en-

thusiastically to Otto Loewi: 

‘I cannot close this letter without saying what 

a joy it is to have Feldberg back here, how-

ever much one deplores the conditions, which 

have driven him out of his own country. His 

importation of the leech test, which he based 

on Fuhner’s earlier observations, seems 

likely to be as stimulating for my own work 

on chemical transmission, as the expulsion of 

the Huguenots from France was for the Brit-

ish textile industry.’ 

The leech test revolutionised the analysis of 

the role of acetylcholine. The principal prob-

lem that continued to bedevil physiological 

studies on acetylcholine was the extreme 

transiency of its effects, as it was quickly hy-

drolysed by circulating acetylcholinesterase. 

What Feldberg’s leech-muscle preparation 

did was to provide a simple, reliable method 

to detect that acetylcholine. As he himself 

acknowledged: 

‘To make use of a metaphor: perhaps it was 

that I had brought with me a key that would 

open the doors. Dale and Gaddum seemed to 
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know what lay behind them, but I had the 

key.’ 

That ‘key’ was the use of eserine, which in-

hibited the activity of the enzyme acetylcho-

linesterase. The technique was based on the 

discovery by the German pharmacologist 

Fühner, that when eserine was added to an or-

gan bath in which a leech muscle was sus-

pended, the muscle became extremely sensi-

tive to acetylcholine, and he suggested the 

preparation as an assay system for eserine. 

Feldberg merely reversed the procedure and 

used the eserinised muscle as a sensitive and 

simple assay for acetylcholine(193).” 

From the 1914 isolation paper cited of Ewins 

cited in the previous quotation: 

“In addition, however, to those of apparent 

therapeutic importance, certain other effects 

are shown in a more or less marked degree by 

all samples of the drug and by some with 

marked intensity. These effects have been fa-

miliar to the pharmacological workers in 

these laboratories for some years, but appar-

ently have not been the subject of exact de-

scription or investigation. Conspicuous 

among these is an inhibitor effect on the 

heart, suggesting an intense though curiously 

evanescent muscarine action. 

Finding that the prominence of this effect in 

the action of different specimens of ergot ran 

closely parallel with their stimulant action on 

intestinal muscle, and that both effects were 

abolished by atropine, Dr Dale was led to sus-

pect the presence in ergot of a principle pro-

ducing both these effects. He was also able to 

devise a convenient method for its physiolog-

ical estimation by the use of a loop of rabbit's 

intestine isolated according to Magnus’s 

method. When an opportunity recently oc-

curred of obtaining an adequate supply of a 

preparation which exhibited this type of ac-

tion with marked intensity, he suggested to 

me that an attempt should be made to identify 

the supposed new principle, and has followed 

the successive steps of its isolation with the 

physiological control. This paper deals with 

the chemical procedure by which the princi-

ple in question was isolated and identified. 

The details of its action will be described 

elsewhere by Dale(194).” 

PROTRIPTYLINE 

1967 

Analogue of imipramine 

PENTAZOCINE 

1967 

Analogue of morphine(21) 

HYDROXYUREA 

1967 

It was first synthesized in 1869(195). It was 

observed that it inhibits the cell growth of 

leukocyte(196). This inspired the investiga-

tions of its antitumor effects(197). 

“Hydroxyurea was synthesized by Dresler 

and Stein. It is a compound soluble in water 

that spreads equally throughout the body flu-

ids. At first, it was shown that HU inhibits the 

leukocyte cell growth. However, its use as an 

antitumor agent began only in the 1960s as it 

was found that HU blocks DNA synthesis 

through inhibition of the ribonucleotide 

https://drugs.ncats.io/drug/4NDU154T12
https://drugs.ncats.io/drug/RP4A60D26L
https://drugs.ncats.io/drug/X6Q56QN5QC
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reductase enzyme(197).” 

HALOPERIDOL 

1967 

Analogue of chlorpromazine 

Quoting from a paper by Paul Janssen and his 

colleagues which is relevant to the discovery 

of haloperidol(198): 

“All pharmacological results to be described 

were obtained in adult white mice of both 

sexes. The substances under investigation 

were administered in aqueous solution by 

subcutaneous injection. The 5 screening 

methods adopted were chosen for the follow-

ing reasons: 

(1) In view of the desirability to obtain quan-

titative data on a large number of new com-

pounds, preference was given to relatively 

simple methods, 

(2) Experimental evidence showed these 5 

methods to be reproducible within this la-

boratory. All results to be described were sys-

tematically duplicated on a blind basis with 

an interval of about one month and the more 

important compounds were retested sev-

eral times in various seasons over a period 

of up to 4 years. Very few statistically sig-

nificant (P 0.05) differences were found be-

tween successively obtained data. 

(3) All CNS depressants investigated in this 

laboratory are active in at least one of the 5 

screening tests used. Qualitatively different 

results, allowing for gross classification of a 

new compound, are obtained in this series of 

tests with various types of known CNS 

depressants such as morphine-like narcotics, 

hypnotics, neuroleptics, sedatives with atro-

pine-like activity (e.g. benactyzine, scopola-

mine, promethazine), muscular relaxants, 

anti-histamines, etc. 

(4) The effects of administration were meas-

ured at several intervals after dosage in order 

to obtain data on peak effect and duration of 

action and to minimize the risk of ‘missing’ 

significant activity(198).” 

Pharmacological tests(198): 

(A) Inhibition of righting reflex in mice. 

(B) Potentiation of the hypnotic effect of 

pentobarbital in mice. 

(C) Pentobarbital potentiation ratio (PPR). 

(D) Influence on induced Coordinated ac-

tivity (rotating rod). 

DROPERIDOL 

1967 

Analogue of haloperidol 

Also discovered by the Janssen team, see the 

haloperidol entry. 

THIOTHIXENE 

1967 

Analogue of chlorpromazine 

https://drugs.ncats.io/drug/J6292F8L3D
https://drugs.ncats.io/drug/O9U0F09D5X
https://drugs.ncats.io/drug/7318FJ13YJ


101 

 

PROPRANOLOL 

1967 

Following quotations in this entry are from 

the discoverer, the legendary James Black: 

“This lecture illustrates the early stages in the 

planning and discovery of propranolol, an 

adrenaline β-adrenergic receptor antagonist, 

and cimetidine, a histamine H2-receptor an-

tagonist-the first examples of clinically use-

ful drugs from each of these classes. The sig-

nificance of selective agonists, partial ago-

nists, and syntopic antagonists and the im-

portance of the bioassay and the use of molar 

models in the drug discovery process are dis-

cussed. For the future, an outline of potential 

developments in hormone-receptor concepts 

is offered leading to the conclusion that pro-

gress may depend on improvements in bioas-

says and related molar modeling(199).” 

Pronethalol, the prototype compound of pro-

pranolol was discovered based on the struc-

ture of isoprenaline and its analogue, DCI 

and using physiologically-relevant in vitro 

assays: 

1.  “the classical Langendorff preparation, 

the isolated, spontaneously beating, 

guinea pig heart(199)” 

2. “a technique for simultaneously record-

ing blood pressure and heart rate, in ana-

log form, in anesthetized animals(199)” 

3. “an in vitro assay based on guinea pig car-

diac papillary muscles as a way of meas-

uring the contractile effects of iso-

prenaline independently of rate 

changes(199).” 

After the discovery of pronethalol, in order to 

find a better candidate: 

“Pronethalol always seemed to us to be a pro-

totype drug, good enough to answer ques-

tions of principle but not good enough to be 

marketable. So a large chemical group, di-

rected by Crowther, was assembled to try to 

find a more active, safer replacement for 

pronethalol. The discovery of ICI 45520, pro-

pranolol, a naphthyloxy propanolamine de-

rivative, was the result. 

Our bioassays, which had been developed as 

qualitative screens, had now to be adapted for 

comparative quantitative bioassay. The iso-

lated, spontaneously beating, guinea pig right 

atrial preparation proved to be excellent for 

these assays. The nature of the surmountable 

antagonism by propranolol was analyzed by 

relating the rightward displacement of cumu-

latively derived dose-response curves to the 

concentration of antagonist. The linearity and 

slope of the Schild plot relating these varia-

bles indicated the likelihood that adrenaline 

and propranolol were competing for 

the(199).” 

FENTANYL 

1967 

R 4263 = fentanyl 

Analogue of morphine(21) 

From Paul Janssen, one of the discoverer(s): 

“Recent findings in this laboratory revealed 

the extremely high narcotic potency of cer-

tain 4-anilino-piperidines (fig. 15). 

In these surprisingly active compounds, the 

phenyl ring, attached to the piperidine nu-

cleus through a nitrogen atom, is separated by 

a chain of 4 atoms from the basic nitrogen, 

whereas in all the other potent narcotics, pre-

viously discussed, this chain consists of only 

three atoms. […] 

FIG. 15: Compound R 4263, the extremely 

potent (up to 5,000 times morphine) proto-

type of a new series of 4-anilino-piperidines. 

https://drugs.ncats.io/drug/9Y8NXQ24VQ
https://drugs.ncats.io/drug/UF599785JZ
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Figure 19, summarizing the relevant data dis-

cussed in this paper, represents the common 

stereochemical features found among the 

compounds that are known to display typical 

morphine-like properties at low dose levels. 

Because these molecules look alike chemi-

cally, it appears reasonable to assume that 

there might be something like a common re-

ceptor for morphine-like drugs(200).” 

From the disclosing patent: 

“Evidence that the analgesic effect of phenta-

nyl is potentiated by dehydrobenzperidol is 

obtainable by the technique of Branchi and 

Franceschini [Brit. J. Pharmacol. 9, 280 

(1954)]. Briefly, this method comprises plac-

ing an arterial clip, the jaws of the clip being 

covered with thin rubber tubing, on the root 

of the tail of a mouse for 30 seconds. If, fol-

lowing drug treatment, the animal does not 

bite the clip within the allotted period, the 

drug is considered to have induced an analge-

sic effect. The untreated animals always bite 

the clip when it is placed on the base of the 

tail. In our studies we observed that the ani-

mal vocalized in addition to biting at the clip 

of the tail. This second parameter was also 

taken into account in our experiments. Thus, 

for an analgesic effect to be present the ani-

mal must neither vocalize nor bite the clip. In 

the data given in Tables I-IV below, the drugs 

were given in the form of 0.1 molar tartaric 

acid solutions subcutaneously to white albino 

mice(201).” 

ETHACRYNIC ACID 

1967 

Analogue of furosemide 

DOXYCYCLINE 

1967 

Analogue of oxytetracycline(21) 

ETHAMBUTOL 

1967 

From two papers of the discovery team: 

“In the course of screening randomly selected 

synthetic compounds, N, N’ -diisopropyleth-

ylene-diamine was found to protect mice 

from an otherwise lethal infection with My-

cobacterium tuberculosis, strain H37Rv. Fol-

lowing this lead, numerous related com-

pounds ‘were synthesized without apprecia-

ble improvement in activity until hydroxyl 

functions were introduced. The most promis-

ing compound of this series was found to be 

the dextro isomer of 2,2’-Cethylenediimino)-

di-l-butanol dihydrochloride which has an ef-

ficacy index (tolerance/potency) similar to 

that of isoniazid when administered orally 

and superior to that of streptomycin when 

given parenterally(202).” 

“This paper reviews the laboratory chemo-

therapeutic studies from which ethambutol 

emerged as a suitable candidate for pharma-

cological work in animals in preparation for 

clinical trial in man. Investigation of this se-

ries of compounds followed the observation 

of activity in N, N’-diisopropyl ethylenedia-

mine in the screening of randomly selected 

compounds. The ethylenediamines described 

herein are not related to known 

https://drugs.ncats.io/drug/M5DP350VZV
https://drugs.ncats.io/drug/N12000U13O
https://drugs.ncats.io/drug/8G167061QZ
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antituberculous agents and comprise an en-

tirely new type of antimycobacterial struc-

ture. 

Extensive exploration of analogs of this ac-

tive compound was justified when the char-

acteristics of its activity were determined. 

The activity of N, N’-diisopropyl ethylenedi-

amine was specifically antimycobacterial in 

vivo and in vitro, and its full activity resulted 

from oral as well as parenteral administration 

using various dosage schedules. All activities 

cited are in vivo against a uniformly fatal My-

cobacterium tuberculosis, var. hominis 

H37Rv infection in mice characterized by 

rapidly fulminating disease of the lungs pro-

duced by intravenous injection of the bacte-

rial culture(203).” 

MEFENAMIC ACID 

1967 

“The Parke Davis Co. (Detroit) introduced 

the N-phenyl anthranilic acids (‘fenamates’), 

originally identified by Claude Winder as in-

hibitors of the UV erythema in guinea pigs. 

Mefanamic acid (Ponstan, 1961), flufenamic 

acid (Arlef, 1963) and sodium meclo-

fenamate (Meclomen, 1964) were all succes-

sively introduced for treating arthritis(89).” 

“To understand these clinical observations, a 

pharmacologist at Geigy, Gerhard Wilhelmi, 

developed novel models of inflammation. 

Phenylbutazone turned out to be particularly 

active in reducing the erythema elicited in the 

depilated skin of guinea pigs following irra-

diation with ultraviolet (UV) light. This was 

the first model of inflammation used to define 

the activity of what we now call nonsteroidal 

antiinflammatory drugs (NSAIDs). By apply-

ing this model, several phenylbutazone ana-

logs and the phenylbutazone metabolite, ox-

yphenbutazone, as well as the fenamates, an-

other chemical class of antiinflammatory 

agents, were discovered to be of particular 

value in inflammation and inflammation-re-

lated pain(185).” 

AZATHIOPRINE 

1968 

Analogue and prodrug of mercaptopurine 

(purine analogue) 

DEFEROXAMINE 

1968 

Iron-chelating agent 

LEVONORGESTREL 

1968 

Analogue of progesterone(21) 

CYTARABINE 

1969 

Analogue of fluorouracil (Pyrimidine)(21) 

DOXEPIN 

1969 

https://drugs.ncats.io/drug/367589PJ2C
https://drugs.ncats.io/drug/MRK240IY2L
https://drugs.ncats.io/drug/J06Y7MXW4D
https://drugs.ncats.io/drug/5W7SIA7YZW
https://drugs.ncats.io/drug/04079A1RDZ
https://drugs.ncats.io/drug/5ASJ6HUZ7D
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Analogue of imipramine 

PROCARBAZINE 

1969 

From the discovery papers: 

“When testing a series of hydrazines for an-

other purpose 1-methyl-2-benzyl-hydrazine 

was found to have a pronounced tumour in-

hibitory effect. The systematic variation of its 

structure showed that efficacious compounds 

were of general formula R-NH-NH-CH3, R 

representing a wide variety of organic radi-

cals, particularly substituted benzyl 

groups(204).” 

From the discovery paper cited in the previ-

ous quotation: 

“1-Methyl-2-benzyt-hydrazine has been 

found to inhibit the growth of transplantable 

tumours in mice and rats. As this compound 

did not show a satisfactory therapeutic index 

and as it led furthermore to liver damage, a 

large series of derivatives has been synthe-

sized by ZELLER et al. in order to find sub-

stances having better chemotherapeutic prop-

erties combined with lower toxicity. Only 

compounds with the group -NH-NH-CH3 a 

show marked cytotoxic effects. In this paper 

the tumour inhibiting properties of 1-methyl-

2-p-(isopropylcarbamoyl)benzyl-hydrazine 

hydrochloride and 1-methyl-2-p-allo-

phanoylbenzyl-hydrazine hydrobromide are 

described. A detailed report on these investi-

gations will be given elsewhere. 

Methods. The experiments were done on the 

following transplantable tumours: Ehrlich 

carcinoma (solid form), Ehrlich carcinoma 

(ascitic form), Crocker sarcoma S180, 

Walker carcinosarcoma 256 and uterus epi-

thelioma (Guérin) T8. 

In the case of tumours growing in solid form, 

small tumour fragments were implanted sub-

cutaneously, where-as of the Ehrlich ascites 

carcinoma ascites cell suspensions  were in-

jected intraperitoneally. Groups of ten ani-

mals were used for each dose. Daily admin-

istration of the compounds in aqueous solu-

tion was started on the day after  the implan-

tation, either by intraperitoneal or oral 

route(205).” 

CLINDAMYCIN 

1970 

Analogue of lincomycin(179) 

FLOXURIDINE 

1970 

Analogue of cytarabine (Pyrimidine) 

PENICILLAMINE 

1970 

Copper chelating agent 

https://drugs.ncats.io/drug/35S93Y190K
https://drugs.ncats.io/drug/3U02EL437C
https://drugs.ncats.io/drug/039LU44I5M
https://drugs.ncats.io/drug/GNN1DV99GX
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FLURAZEPAM 

1970 

Analogue of chlordiazepoxide 

KETAMINE 

1970 

From the discoverer(s): 

“PCP and its derivatives are the result of the 

initial discovery of a new and unexpected 

chemical reaction, then unexpected pharma-

cological activity and potential therapeutic 

merit, then disappointment and a subsequent 

systematic search for better chemical deriva-

tives, again for potential therapeutic benefit. 

[…] 

The story of PCP starts in 1956, just 24 years 

ago, when a medicinal chemist, Dr. Victor 

Maddox of the Product Development Depart-

ment of Parke Davis and Company in Detroit, 

Michigan, began to investigate chemical re-

actions to Grignard reagents with nitriles. 

What that means is that there are special ways 

of making new organic chemicals of which 

the Grignard reagent is a classic one. Dr. 

Maddox was interested in elaborating some 

rather new, stable immino or ketone com-

pounds with novel chemical structures which 

he hoped would have therapeutic merit. What 

actually occurred in the reaction using the 

chemicals, called a-aminonitriles, was a very 

unusual elimination of the nitrile function 

and substitution by rather large (what we 

called aryl or alkyl moieties) of the Grignard 

reagent. The second compound in this series 

made by Dr. Maddox, using this novel and 

unique reaction, was PCP itself. Having 

prepared adequate quantities of the first as 

well as the second of these compounds, Dr. 

Maddox submitted them to a pharmacologist 

by the name of Dr. Graham Chen at Parke 

Davis for general pharmacological testing. 

This testing was known as the GP (for general 

pharmacological) series and PCP was as-

signed number GP 121 as its code name. 

Shortly thereafter, about a week after Dr. 

Maddox submitted the material, Dr. Chen 

called Dr. Maddox and excitedly told him 

that GP 121 was the most unique compound 

that he, Dr. Chen, had ever examined. He 

called it a ‘cataleptoid anesthetic’ and be-

cause of it, the so-called CL-1 series of chem-

icals was born. In fact, Dr.  Chen developed 

the pigeon-righting reflex as the basis of stud-

ying this series of ‘cataleptoid anesthetics.’ 

PCP had properties similar to a cataleptoid 

agent called bulbocapnine, a very old com-

pound coming from a flower called Dutch-

man’s Breeches. Dr. Chen asked Dr. Maddox 

to come over to the pharmacology laboratory 

to observe some cats which received low 

doses of PCP. The cats were in a state of cat-

alepsy. One of them was sitting in this state 

for 24 hours. The only movement besides 

breathing that was observable was that of the 

cat’s eyes moving back and forth in this sit-

ting position. Another most unusual demon-

stration of the effects of PCP was in the rhe-

sus monkey in which it was possible to give 

an essentially wild Indian monkey a small 

dose of PCP and produce serenity, tranquility 

and peace. Hence, the name Sernyl® and 

subsequently Sernylan® came about. […] 

As patients were anesthetized with PCP, it 

became obvious that the drug, when properly 

administered by an anesthesiologist, was in-

deed very safe, far safer than most anesthetics 

that were then available. There was a peculiar 

problem that about 30 percent of the patients 

(unpredictably) had emergence delirium. 

There was the sensation of feeling no arms or 

legs and being in outer space. […]  

In 1962 Cal Stevens, then head of Organic 

https://drugs.ncats.io/drug/IHP475989U
https://drugs.ncats.io/drug/690G0D6V8H
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Chemistry at Wayne State University and a 

consultant to Parke Davis, made some novel 

ketone analogs of PCP which were tested by 

Dr. Duncan McCarthy at Parke Davis in 

monkeys. In 1963 Cl 581, ketamine, was 

found to be the best as an anesthetic(206).” 

MITOTANE 

1970 

Analogue of the insecticide dichlorodiphenyl 

trichloroethane (DDT). DDD, an insecticide 

analogue of DDT, was shown to produce ad-

renal atrophy in dogs(207, 208). 

LEVODOPA 

1970 

Also see the dopamine entry. 

“L-Dopa, the naturally occurring isomer of 

the amino acid 3,4-dihydroxyphenylalanine, 

was first isolated in 1913 from legumes 

(seedlings of Vicia faba) by Marcus Guggen-

heim (1913). Already two years earlier, Cas-

imir Funk (1911) had synthesized D,L-dopa 

in the laboratory. Both he and Guggenheim 

considered the amino acid as a possible par-

ent compound of adrenaline. […] 

Guggenheim, in addition to isolating L-dopa, 

was also the first to perform, with the isolated 

material, some simple pharmacology. In a 

self-experiment, Guggenheim ingested 2.5 g 

of L-dopa and noticed its emetic action 

which, however, he interpreted as an unspe-

cific irritation of the gastric mucosa […] In 

Guggenheim’s hands, L-dopa was essentially 

ineffective, be it on the rabbit blood pressure, 

on the isolated rabbit uterus and intestine, or 

on the conscious rabbit’s general behaviour. 

The view that L-dopa was essentially devoid 

of biological activity seems to have prevailed 

for many years. However, in 1927, nearly fif-

teen years after Guggenheim’s negative ob-

servations, Hirai and Gondo (1927) found 

that D,L-dopa caused a strong hyperglycemia 

in the rabbit. In 1930 Hasama demonstrated 

that in the rabbit D,L-dopa, in contrast to the 

vasopressor effect of adrenaline, produced a 

clear fall in arterial blood pressure […] 

In view of these early ‘DA’ and L-dopa stud-

ies, including the study by Van Arman (1951) 

in rats with adrenals depleted by insulin, it 

was not surprizing that in reserpine-treated 

animals (rabbits), Carlsson, in 1958, found 

that D,L-dopa injections restored depleted 

brain DA. At about the same time, L-dopa 

was found to cause central, behavioural as 

well as EEG activation and to antagonize re-

serpine’s ‘tranquilizing’ effects […] 

Probably the most decisive observation in the 

history of L-dopa was the discovery of the 

DA deficit in the striatum specifically in pa-

tients with PD […] 

Together with the relationship previously 

demonstrated in laboratory animals, between 

reserpine-induced tranquilizing action and L-

dopa and brain DA, the striatal DA deficit, 

limited specifically to the brain of patients 

with PD, immediately suggested the step 

‘from brain homogenate to treatment’, that is 

the rational use of L-dopa in order to replen-

ish the missing striatal DA in the brain of pa-

tients suffering of PD. In view of the fact that 

there existed since the early 1940s ample ex-

perience with the use of intravenously in-

jected L-dopa in humans (and the accompa-

nying side-effects, including the recent study 

by Degkwitz et al., 1960), in 1961 Hornykie-

wicz together with the neurologist Birkmayer 

performed a trial with i.v. L-dopa in a group 

of 20 patients. They for the first time reported 

on a dramatic improvement of all motor def-

icits related to the symptom of akinesia, last-

ing for several hours. At the same time, and 
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independently, Theodore Sourkes and Gerald 

Murphy induced the neurologist Andre Bar-

beau to give L-dopa orally to PD patients, and 

observed a beneficial effect on the Parkin-

sonian symptom of rigidity(209).” 

FLAVOXATE 

1970 

From the discovery paper: 

“The basic esters of carboxylic acids form a 

large group of substances with various phar-

macological properties, e.g. local anaesthetic, 

spasmolytic, nicotinolytic and tranquilizing. 

As the type of biological action seems to be 

determined very often by the esterifying acid, 

a study was undertaken to examine the phar-

macological properties of basic esters of new 

types of acids. 

Previously some chromone and flavone car-

boxylic acids had been tested; the investiga-

tion has now been extended to 3-methylfla-

vone-8-carboxylic acid, which forms the sub-

ject of this paper. 

The pharmacological screening showed that 

one of the derivatives of the series, i.e. the pi-

peridinoethyl ester (Rec 7-0040) [Flavoxate], 

possesses a very marked papaverine-like 

muscle-relaxing activity. The detailed phar-

macological properties will be described 

elsewhere. Particularly interesting is the ob-

servation that the product does not seem to 

affect normal tone or movements of intestine 

but it inhibits specifically spasms provoked 

by various agents. Rec 7-0040 also has anal-

gesic and local anaesthetic activity which 

could perhaps be of therapeutidal importance 

in cases where the spastic condition is sus-

tained by pain stimuli(210).” 

From the related discovery paper mentioned 

in the previous quotation: 

“The pharmacological properties of piperidi-

noethyl-3-methyiflavone-8-carboxylate hy-

drochloride (Rec 7-0040), a new papaverine-

like smooth-muscle relaxant, are described. 

The new drug has a lower acute toxicity than 

papaverine and, on many preparations, a 

higher antispastic activity, whereas the 

movements of the intestine seem less affected 

by Rec 7-0040 than by papaverine. The 

smooth-muscle-relaxing activity of the new 

drug can be demonstrated also in vivo on the 

intestinal and bronchial musculature. The di-

lator activity on the peripheral vascular bed is 

about 10 to 20 times lower than that of papa-

verine. In contradistinction to papaverine, 

Rec 7-0040 shows also a marked analgesic 

and local anesthetic action. The new com-

pound does not seem to interfere with the au-

tonomic nervous system(211).” 

COSYNTROPIN 

1970 

Diagnostic 

FLUCYTOSINE 

1971 

Analogue of fluorouracil (Pyrimidine Ana-

logue) 

PYRANTEL 

1971 

The screening program leading to the discov-

ery of pyrantel comprised these models: mice 

infected with Nematospiroides dubius 

(Heligmosomoides polygyrus bakeri), rats in-

fected with Nippostrongylus muris, mice in-

fected with three parasites that covered three 

intestinal niches within the host (the duode-

num, ileum, and cecum) (two nematode sub-

orders (Strongylata, Ascaridata) and one ces-

tode order (Cyclophyllidea)), mice with 
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natural infections of Syphacia obvelata and 

Aspicularis tetraptera, inoculated with 40 

larvae of N. dubius, and 5000 ova of Hyme-

nolepis nana, infected sheep, infected 

dogs(212-215) 

CEFALEXIN  

1971 

From the discoverer(s): 

“In 1945, when the remarkable therapeutic 

properties of penicillin were becoming 

widely known in Europe, he looked for anti-

biotic-producing organisms near a sewage 

outlet by the seashore, thinking that antibiosis 

might be involved in self-purification of the 

effluent. […] 

Brotzu quickly isolated from a sample of sea-

water a fungus that he identified as Cephalo-

sporium acremonium and that produced anti-

biotic material with activity against gram-

positive and gram-negative bacteria. Later 

work in Oxford was to show that this organ-

ism was able to produce at least three antibi-

otics, all new and all with some chemothera-

peutic properties. The chance that such an or-

ganism would be discovered in such a small-

scale screening program must have been very 

small. 

Brotzu appears to have dispensed with tox-

icity experiments in animals. He injected cul-

ture filtrates of the organism directly into 

staphylococcal and streptococcal lesions, 

particularly boils and abscesses. He also 

made a crude extract containing active mate-

rial and boldly injected it intramuscularly and 

intravenously into patients with brucellosis, 

paratyphoid infections, and typhoid fever; 

although his patients showed febrile reac-

tions, he thought that the results were prom-

ising, especially in the case of typhoid(216).” 

CYSTEINE 

1971 

Endogenous amino acid(217) 

CAPREOMYCIN 

1971 

“In 1960 HERR et al. isolated an antibiotic 

from the fermentation liquid of Streptomyces 

capreolus that chiefly inhibited the growth of 

mycobacteria. This was capreomycin(218).” 

MINOCYCLINE HYDROCHLORIDE 

1971 

Analogue of oxytetracycline(21) 

MEGESTROL 

1971 

Analogue of progesterone 

HALOPROGIN 

1971 

“Haloprogin was shown to have a broad in 

vitro spectrum for dermatophytes, Candida 

albicans and related yeasts and certain gram 

positive bacteria(219).” 

I could not find the full-text of the 1963 dis-

covery paper cited in the previous quotation: 

PMID: 14274963 
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RIFAMPIN 

1971 

From the discoverer(s): 

“Rifampin was developed in the Dow-Lepetit 

Research Laboratories (Milan, Italy) as part 

of an extensive program of chemical modifi-

cation of the rifamycins, the natural metabo-

lites of Nocardia mediterranei. One peculiar 

fact was that all of the studies leading to 

highly active derivatives were performed on 

a molecule (rifamycin B) that was itself prac-

tically inactive. The first chemical modifica-

tions led to the discovery of rifamycin SV 

[…] 

An intensive strategy for chemical modifica-

tion of the basic rifamycin structure was 

planned, with the aim of obtaining a com-

pound with the following improvements over 

rifamycin SV in chemotherapeutic properties 

[…] 

Some of these derivatives showed good in 

vivo activity when administered orally. […] 

Many of these derivatives were extremely ac-

tive, both in vitro and in vivo, against M. tu-

berculosis and other gram-positive bacteria 

and were moderately active against gram-

negative bacteria. The in vivo activity of 

some of these derivatives in infected animals 

was of the same order whether the products 

were administered orally or parenterally; this 

observation suggested good absorption from 

the gastrointestinal tract. In various experi-

mental infections, the hydrazone of 3-formyl-

rifamycin SV with N-amino-N’-methylpiper-

azine, designated rifampicin or rifampin, was 

the most active after oral administration and 

was also the least toxic. Rifampin was there-

fore selected for clinical studies(220)” 

FLUOCINONIDE 

1971 

Analogue of cortisone(21) 

Error in similarity calculation by FTrees 

NALOXONE 

1971 

Analogue of morphine(21) 

CLORAZEPIC ACID 

1972 

Analogue of chlordiazepoxide(17) 

CARBACHOL 

1972 

Analogue of acetylcholine 

PANCURONIUM 

1972 

Malouetine was extracted in 1960 from 

Malouetia bequaertiana and it was shown in 

animal experiments that it had similar 
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neuromuscular blocking activity to d‐tubocu-

rarine but was only one‐third as toxic. 

“Aware of the early reports on malouetine, a 

pharmacist, Mohammed Alauddin, had the 

idea of using the steroid nucleus as a support-

ing moiety upon which to append two quater-

nary ammonium groups in different spatial 

arrangements(221).” 

The experiments of Alauddin, Martin-Smith, 

Lewis Caddy, and Sugrue tested the synthe-

sized series in these models: Cat gastrocnem-

ius muscle/sciatic nerve, Hen gastrocnemius 

muscle/sciatic nerve, Frog rectus abdominis 

muscle, Rat phrenic nerve/diaphragm. These 

experiments for the first time challenged the 

‘two-point’ attacment theory for binding to 

acetylcholine receptors, and later led to the 

discovery of an analogous compound, pancu-

ronium. They also had direct role in the dis-

covery of pancuronium via the consultation 

of two of its researchers (Martin-Smith and 

Lewis) to members of the discovering team 

(Colin L. Hewett, W. Roger Buckett, David 

S. Savage)(222). 

CARBAMOYLCHOLINE 

1972 

Analogue of acetylcholine 

CROMOLYN 

1972 

Dr. Roger Altounyan noted that prior inhala-

tion of one compound partially protected an-

tigen-challenged guinea pigs, even though it 

had no bronchodilator properties. 

“Roger knew that human asthma and bron-

chospasm induced in guinea pigs had differ-

ent features (eg, antihistamines did not help 

his asthma) and was convinced that the ex-

perimental compounds needed to be tested in 

human asthma. He therefore persuaded the 

chemists to give him some to try on asthma 

that he would induce in himself.  

At the start of each clinic, he would induce an 

asthmatic attack in himself either by inhaling 

histamine or methacholine or an aerosol of an 

extract of guinea pig hair, to which he was 

sensitive, measuring its progress and severity 

on the basis of FEV1. He then tested the abil-

ity of new compounds to prevent or reverse 

these attacks by inhaling them either before 

or after the challenge. Most new compounds 

had little effect, but prior inhalation of one in-

tensely bitter, short-acting compound with no 

bronchodilator properties did significantly 

reduce his asthmatic reaction. Incidentally, it 

was ineffective in protecting guinea pigs. 

Between July 1957 and eventual success 8 

years later, he must have induced about a 

thousand asthmatic attacks in himself. Some 

were frighteningly severe: he often allowed 

the FEV1 to fall to less than 0.5 L before 

aborting the attack with isoproterenol. Sev-

eral of the new compounds provided limited 

protection against antigen challenge, but 

none were sufficiently potent, acceptable, or 

both to be therapeutically useful. But as the 

work continued, he began to see a structure-

activity relationship to guide the develop-

ment of new compounds.  

Although a new compound clearly protected 

against inhaled antigen, he was wondering if 

it would work in natural clinical asthma. This 

was tested in a volunteer patient with severe 

allergic asthma. These studies on himself and 

uncontrolled studies on volunteer patients 

gave birth to cromolyn(223).” 

FLUORESCEIN 

1972 
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Diagnostic 

DESONIDE 

1972 

Analogue of cortisone 

BUPIVACAINE 

1972 

Analogue of lidocaine 

CEFAZOLIN 

1973 

Analogue of cefalexin(21) 

TECHNETIUM TC-99M 

1973 

FENFLURAMINE HYDROCHLORIDE 

1973 

Analogue of amphetamine 

DIAZOXIDE 

1973 

After the discovery of the antibacterical sul-

fonamides, it was observed that they had 

some side effects on glucose metabolism, 

some of them had hyperglycemic effects, 

some others hypoglycemic effects and others 

without any obvious effect on blood sugar. 

After the birth of diuretics out of sulphona-

mides, it was observed that chlorothiazide 

had also some hyperglycemic and antihyper-

tensive effects. Some postulated that its anti-

hypertensive effect is not entirely dependent 

on its diuretic effect. To test this, a sulfamyl-

less analogue of chlorothiazide, diazoxide, 

was synthesized. During further animal and 

human tests, its potential for the treatment of 

hyperinsulinemic states was discovered. 

“This historical narrative on the antihyperten-

sive hyperglycemic sulfonamide, diazoxide, 

really begins in the 1930’s with studies of the 

antibacterial sulfonamides. […] 

The toxicity of the sulfonamides was studied 

by a number of investigators in the late 

1930’s. Even earlier (1930), Ruiz and col-

leagues in a little-read Argentinian journal, 

reported several sulfonamide compounds as 

having a hypoglycemic effect. […] 

Loubatieres, in studies from 1942 to 1946, 

also at Montpellier, suggested the use of hy-

poglyc emic sulfonamides in diabetes and de-

scribed their mechanism of hypoglycemic ac-

tion. He also found that some sulfonamides 

were hypoglycemic some were 
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hyperglycemic and that others had little or no 

effect on ‘blood sugar’ levels. 

Logically, those studies of the sulphonamides 

causing hypoglycemia were the first to be ex-

ploited, resulting eventually during 1954-

1957 in highly useful agents in the treatment 

of diabetes after earlier agents had been 

found too toxic. Tolbutamide and chlorpro-

pamide are representatives of this class. […] 

Early in the use of chlorothiazide, Wilkins, 

Finnerty, and Goldner and coworkers re-

ported that this sulfonamide elevated blood 

glucose in certain susceptible individuals. 

[…] 

Rubin, then in M. M. Winbury’s Department 

at Schering Corporation, had already decided 

to test the hypothesis that benzothiadiazines 

that are not diuretic might reduce blood pres-

sure. He used both the normal anesthetized 

dog and arterial strips to determine whether 

certain benzothiadiazines, which had been 

tested and set aside by Dick Taylor during the 

development of trichlormethiazide because 

they were nondiuretic, would, nevertheless, 

lower blood pressure. One of the early com-

pounds he tested that satisfied the criteria of 

a nondiuretic hypotensive was diazoxide. 

The structure of diazoxide shows that there is 

a striking similarity to chlorothiazide, with 

the sulfamyl group being absent. […] 

The toxicology studies in the dog, with 200 

mg/kg of diazoxide and 8 mg/kg of trichlor-

methiazide, by Eggert and his associates at 

Schering Corporation, had unexpectedly re-

vealed remarkable adverse synergism. Hy-

perglycemia, ketoacidosis, and death oc-

curred as early as eight weeks after the start 

of daily administration in some dogs. […] 

This extraordinary adverse synergistic effect 

of the combination of these drugs on blood 

glucose was duplicated in controlled clinical 

trials […] 

Dollery reported in 1962 that hyperglycemia 

had occurred in two patients being treated for 

hypertension with diazoxide plus hydrochlo-

rothiazide. He demonstrated suppression of 

insulin secretion, and proposed this as the 

mode of hyperglycemic action(129).” 

METAPROTERENOL 

1973 

Analogue of isoproterenol 

METOLAZONE 

1973 

Analogue of chlorothiazide 

TRIMETHOPRIM 

1973 

It was discovered during the search of Hitch-

ings, Elion and their colleagues for antime-

tabolites. In these studies, screening and 

structure-activity comparison of the com-

pounds were based on inhibiting the growth 

of Lactobacillus casei. 

From George Hitchings, one of the discover-

ers: 

“But as testing was extended, it was found 

that structural modification that might en-

hance the activity against one microorganism 

might diminish it against another, while the 

reverse might be true for another structural 
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modification(224).” 

MITOMYCIN 

1973 

“A research for new anti-tumor substances 

produced by soil actinomycetes, has been 

carried in our laboratory for the past several 

years. As a result, several aspects of cazino-

philin were found and are reported in the pre-

ceding papers. Recently, the fermentation 

broth of a strain, isolation #V621, having 

growth-inhibitory activity against gram posi-

tive and gram negative bacteria, was found to 

exert destructive effect upon the cells of 

EHRLICH carcinoma and YOSHIDA sar-

coma which resulted in the prolongation of 

the survival period of the host animals. The 

broth also showed virucidal activity in vitro 

against Newcastle disease virus and influenza 

virus and parasitocidal activity against asca-

ris. 

Then, isolation of active principles from the 

fermentation broth was tried and at least sev-

eral substances were obtained. A group of 

these active substances which were found to 

be previously undescribed compounds was 

named Mitomycin(225).” 

AMOXICILLIN ANHYDROUS 

1973 

Penicillin analogue(21) 

DOPAMINE 

1974 

Also see the levodopa entry. 

From one of the discoverers: 

“Synthesized in 1910 by Barger and Ewins 

(1910) and by Mannich and Jacobsohn 

(1910), dopamine (3-hydroxytyramine, β-

3,4-dihydroxy-phenylethylamine) was clas-

sified - in the same year - by Barger and Dale 

(1910) as a weak sympathomimetic (vaso-

pressor) drug. It is remarkable that in the time 

span of 30 years which followed Barger and 

Dale’s classical paper, only 4 other original 

pharmacological papers on dopamine can be 

found in the literature. 

This crucial discovery permitted Blaschko to 

postulate, in 1939, the now established bio-

synthetic pathway for catecholamines, thus 

giving dopamine its first physiological role in 

the body, namely that of an intermediate in 

the formation of noradrenaline and adrena-

line. […] 

The first observations on the occurrence of 

dopamine in tissues of mammalian peripheral 

organs and in body fluids, including urine, 

adrenal medulla, heart and sympathetic 

nerves and ganglia, were made in the late for-

ties and early fifties. […] 

In 1942 Holtz and Credner made the puzzling 

observation that - unlike the vasopressor nor-

adrenline - dopamine lowered the arterial 

blood pressure in the guinea pig and, to a 

lesser extent, the rabbit. Although Holtz and 

Credner gave their observation a completely 

negative interpretation, suggesting that it was 

due to a non-specific action of the corre-

sponding aldehyde (3,4-dihydroxy-phenyla-

cetaldehyde) formed from dopamine by the 

action of monoamine oxidase, the observa-

tion as such proved of great importance. 

When, in 1956, Blaschko raised the question 

about dopamine’s physiological role in the 

body, he asked Hornykiewicz, who at that 

time was his postdoctoral fellow, to re-exam-

ine the observations made by Holtz and Cred-

ner, and, in doing so, to use, in addition to do-

pamine and L-dopa, epinine and iproniazid, 

the first potent, a few years earlier developed, 

in vivo monoamine oxidase inhibitor. 
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Equipped with these pharmacological tools, 

Hornykiewicz soon demonstrated that the 

vasodepressor action of dopamine in the 

guinea pig was a specific effect of dopamine 

itself and not due to the aldehyde metabolite 

formed from dopamine by monoamine oxi-

dase(226).” 

From the discovery paper of Dale cited in the 

previous quotation: 

“The elucidation of the structure of the active 

principle of the supra-renal medulla by the 

work of Abel, v. Fürth, Takamine, Aldrich, 

Pauly, and Jowett, and its synthesis by Stolz 

and by Dakin, almost simultaneously, led to 

the physiological investigation of substances 

nearly related to it in chemical structure. […] 

All the active bases examined by these and 

other observers have been catechol deriva-

tives. Dakin, indeed, concluded that the cate-

chol nucleus was the essentially active group 

in the adrenine molecule, basing this view on 

the observation that catechol itself-causes a 

rise of blood-pressure when injected intrave-

nously, while the base methyl-amino-etha-

nol, CH2(OH)CH2 . NHCH3, which may be 

regarded as the detached side-chain of the 

adrenine molecule, has no such action. The 

same conception has been adopted by 

Schultz. Recently, however, we found that 

certain amines produced by putrefaction, 

none of them possessing a catechol nucleus, 

have an action very similar to that of 

adrenine. On the other hand we shall give ev-

idence that the rise of blood-pressure pro-

duced by catechol is due to an action of an 

entirely different type. It became clear, there-

fore, that the conception put forward by Da-

kin, and adopted by others, was inadequate, 

and it became of interest to trace the varia-

tions in the intensity of the specific action 

through a series of compounds intermediate 

between the putrefactive animes-in particular 

p. hydroxyphenylethylamine-and adrenine it-

self. This was the main object of our investi-

gation, but incidentally the changes of 

physiological activity accompanying other 

changes of structure have been studied. […] 

Experimental Methods. The action with 

which we are concerned is the immediate pe-

ripheral effect on involuntary muscle and 

gland cells produced by intravenous injec-

tion(227).” 

From the discovery paper of Hornykiewicz 

cited in the first quotation in this entry: 

“The depressor action of dopamine upon the 

arterial blood pressure of the guinea-pig has 

been studied. […] 

The experiments to be described were under- 

taken in order to find out, firstly, if the re-

sponse of the arterial blood pressure of the 

guinea-pig to dopamine could serve as the ba-

sis for a method of assay and, secondly, 

whether support for the role of amine oxidase 

in the depressor response to dopamine in the 

guinea-pig could be obtained. […] 

Male guinea-pigs of 400 to 650g. were anaes-

thetized with ethyl urethane. A polythene 

tube was introduced into the right jugular 

vein and heparin, 10 mg./kg., was adminis-

tered. The left carotid artery was cannulated 

and the blood pressure was recorded, using 

the mercury manometer described by Con-

don. All substances were administered intra-

venously(228)” 

TERBUTALINE 

1974 

Analogue of salbutamol(21) 

XENON XE-133 
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1974 

Radiopharmaceutical 

DOXORUBICIN 

1974 

Analogue of oxytetracycline(21) 

HALCINONIDE 

1974 

Analogue of cortisone 

MEBENDAZOLE 

1974 

Analogue of thiabendazole(229) 

Discovery of thiabendazole: 

“We wish to report the discovery of a new 

class of anthelmintic agents possessing a 

broad spectrum of activity for gastrointestinal 

parasites of domestic animals. Some of the 

compounds are among the most potent 

chemotherapeutic agents known, complete 

larvacidal activity being manifest in vitro at 

10-5 y/ml. This potency coupled with the ab-

sence of activity toward other microorgan-

isms and negligible mammalian toxicity sug-

gests a unique interference with a metabolic 

pathway essential to a variety of helminths. 

[…] 

2-(4’-Thiazolyl)-benzimidazole (I, generic 

name: thiabendazole) was outstanding in an-

thelmintic activity among several hundred 

analogs studied in some detail. […]  

Thiabendazole has significant anthelmintic 

activity for gastrointestinal parasites in 

sheep, goats, cattle, horses, swine, dogs and 

poultry(230).” 

MICONAZOLE 

1974 

The antifungal activity of the pharmacophore 

was first observed in 1943(231). 

“An abstract of a paper appeared which de-

scribed the pharmacological properties of 

benzimidazole. The structural similarity of 

this compound to the biotin analogue in 

which we were interested was apparent. Fur-

thermore, the similarity of the symptoms ob-

served in animals receiving benzimidazole to 

those seen in biotin deficiency suggested that 

the action of benzimidazole might be related 

to its structural similarity to biotin. In order 

to determine whether benzimidazole owed its 

biological potency to competition with bio-

tin, the production of biotin deficiency was 

attempted in several microorganisms by ad-

dition of benzimidazole(232).” 

This was ignored in that time, because there 

was not much need for it. In 1951, various de-

rivatives of this pharmacophore were 

screened for their antifungal activity using 

cultures of Trichophytongranulosirni and 

Milcrosporori eipserim(231, 233). 

https://drugs.ncats.io/drug/80168379AG
https://drugs.ncats.io/drug/SI86V6QNEG
https://drugs.ncats.io/drug/81G6I5V05I
https://drugs.ncats.io/drug/7NNO0D7S5M


116 

 

MOLINDONE 

1974 

Analogue of chlorpromazine(234) 

CLONIDINE 

1974 

From the discoverer(s): 

“At the beginning of the 1960s Boehringer 

Ingelheim planned to synthesize a peripher-

ally active adrenergic compound for nasal de-

congestion as simple nose drops. Imidazo-

line-derivatives with decongestive properties 

are substituted amidines in which the amidine 

function is incorporated into an imidazoline 

structure. However, at that time a replace-

ment of the -CH2- bridge by an -NH- group 

had not been achieved chemically in com-

pounds substituted at both the 2- and 6-posi-

tions of the phenyl ring. The problem was 

solved by introducing chlorine atoms as sub-

stituents. Although the resulting drug indeed 

had a remarkably high vasoconstructive and 

decongestive effect at low concentrations, it 

turned out that other effect were more signif-

icant. After administration of the drug to a 

secretary she fell asleep for 24 h, developed 

low blood pressure, marked bradycardia, and 

dryness of the mouth. Clonidine was subse-

quently developed for its blood-lowering ef-

fect and introduced into the clinical routine in 

1966(235).” 

“The decongestive effective was determined 

by Dr Hoefke according to the method de-

scribed by Binet and Araudinet. In anaesthe-

tized dogs, the connection between nose and 

pharynx was blocked by paraffin-soaked cot-

ton wool. Additionally, the nostrils were 

closed by a special balloon catheter. By these 

means, the changes in volume within the nose 

could be plethysmographically determined 

using a Marey capsule. The change in volume 

within the nasal cavity could be recorded on 

a smoked drum(235).” 

DANTROLENE 

1974 

Analogue of nitrofurantoin 

Its structure is a close analogue of nitrofu-

rantoin. After synthesis, it was administered 

to rats and mice. 

IBUPROFEN 

1974 

“Ibuprofen= 2-(4-isobutylphenyl) propionic 

acid, was first recognised by its effect in re-

ducing the erythema (reddening) caused by 

exposing the shaved skin of guinea pigs to 

UV radiation(89).” 

“They were noticed to be paralyzed the fol-

lowing morning, although breathing, pupil-

lary reflexes, and blood pressure were nor-

mal. When left for several days in this state, 

their abdomens developed a waffling effect 

caused by the grill of the cage. It was realized 

a new type of muscle relaxant had been 

found(236).” 

IOTHALAMATE SODIUM I-125 

1974 

Contrast agent 

https://drugs.ncats.io/drug/RT3Y3QMF8N
https://drugs.ncats.io/drug/MN3L5RMN02
https://drugs.ncats.io/drug/F64QU97QCR
https://drugs.ncats.io/drug/WK2XYI10QM
https://drugs.ncats.io/drug/31J5U3Q9ZN
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NITROPRUSSIDE 

1974 

Nitroprusside and its effects were discovered 

as early as the last decades of the nineteenth 

century(237). 

Also see the nitroglycerin entry. 

TRETINOIN 

1974 

Analogue of Vitamin A 

Also see the isotretinoin entry. 

“The importance of retinol (vitamin A) was 

discovered during World War I and subse-

quent research showed that its deficiency 

gives rise to xerosis and follicular hyperkera-

tosis. The retinoid drug project was launched 

in 1968 to synthesize compounds similar to 

vitamin A by chemical manipulation of its 

molecule to improve clinical efficacy and 

safety. The use of these substances in therapy 

dates back some 3000 years to ancient Egypt, 

where liver was used to treat endemic night 

blindness. The modern history of retinoids, 

however, began in 1909 when an essential 

factor in the viability of an embryo in the 

fatty extract of the egg yolk, called vitamin 

A, was discovered. Retinoids finally were in-

troduced into the treatment of dermatoses in-

cluding photoaging more than two decades 

ago(238).” 

BENZYLPENICILLOYL POLYLYSINE 

1974 

Diagnostic 

CLONAZEPAM 

1975 

Analogue of chlordiazepoxide 

LOXAPINE 

1975 

Analogue of chlorpromazine(234) 

CLOTRIMAZOLE 

1975 

Analogue of miconazole(231) 

GLUCONIC ACID 

1975 

natural compound produced by simple dehy-

drogenation of glucose. It is used as excipient 

https://drugs.ncats.io/drug/169D1260KM
https://drugs.ncats.io/drug/5688UTC01R
https://drugs.ncats.io/drug/76479814OY
https://drugs.ncats.io/drug/5PE9FDE8GB
https://drugs.ncats.io/drug/LER583670J
https://drugs.ncats.io/drug/G07GZ97H65
https://drugs.ncats.io/drug/R4R8J0Q44B
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in formulations of pharmaceuticals, foods, 

and other products. 

TOBRAMYCIN 

1975 

Analogue of streptomycin 

VIDARABINE  

1976 

Analogue of mercaptopurine and cytarabine 

CALCITONIN SALMON 

1975 

Homologue of the endogenous calcitonin 

CARBIDOPA 

1975 

Secondary 

OXYBUTYNIN 

1975 

Analogue of atropine 

DACARBAZINE 

1975 

“Several 5(or 4)-(3-alkyl-3-methyl-1-tri-

azeno)imidazole-4(or 5)-carboxamides (111-

X) were prepared and are recorded in this re-

port. Relevant to the structure-activity ques-

tion, however, is the fact that the bis(2-chlo-

roethy1)triazeno derivative prepared subse-

quently to these compounds, is the most ac-

tive of the triazenoirnidazoles versus mouse 

lymphoid leukemia L1210(239).” 

“Several 5(or4)-(3-alkyl-3-methyl-l-tri-

azeno)imidazole-4 (or 5)-carboxamides 

(111-X) were prepared from 5-diazoimidaz-

ole-4-carboxamide and the appropriate N-al-

kyl methylamine. Most of these derivatives 

significantly increased the life span of leuke-

mic (L1210) mice. Inhibition of the growth of 

sarcoma 180, adenocarcinoma 755, and 

Walker carcinosarcoma 256 was observed, 

but inhibition of solid tumors was generally 

accompanied by large, adverse, host-weight 

changes(239).” 

“Compound I has now been found to display 

good antileukcmic activity against the leuke-

mia L1210 system in the primary screen of 

the Cancer Chemotherapy National Service 

Center. The antileukemic activity of I and its 

imidazole analog II are comparable, but the 

toxicity of I is much less than that of II(240).” 

SINCALIDE 

1976 

https://drugs.ncats.io/drug/VZ8RRZ51VK
https://drugs.ncats.io/drug/3XQD2MEW34
https://drugs.ncats.io/drug/7SFC6U2VI5
https://drugs.ncats.io/drug/K9P6MC7092
https://drugs.ncats.io/drug/7GR28W0FJI
https://drugs.ncats.io/drug/M03GIQ7Z6P
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Diagnostic 

NAPROXEN 

1976 

Analogue of ibuprofen(21) 

FENOPROFEN 

1976 

Analogue of ibuprofen 

TOLMETIN 

1976 

Analogue of indomethacin 

METOCLOPRAMIDE 

1976 

“This drug was identified by Laboratoires 

Delagrange in France in the mid-1950s, dur-

ing a programme aimed at improving the 

properties of procainamide, a cardiac anti-ar-

rhythmic and local anesthetic drug derived 

from procaine. Although some anti-emetic 

activity was known to exist within this class 

of molecule, chlorination of the benzene ring 

of procainamide (2-chloroprocainamide) sig-

nificantly increased anti-emetic activity in 

dogs. However, more interesting was the ab-

sence of the sedative activity of the phenothi-

azine structures prompting an evaluation of 

related structures. In particular, methoxy-2-

chloro-5-procainamide or metoclopramide, 

had negligible local anesthetic or cardiac 

anti-arrhythmic activity but an ability to in-

hibit emesis in dogs evoked by apomorphine 

and hydergine, in addition to copper sulfate. 

Soon after, metoclopramide was found to 

stimulate gastric emptying, speed the rate of 

transit through the small intestine and reduce 

symptoms associated with various upper di-

gestive tract disorders(241).” 

DANAZOL 

1976 

Analogue of progesterone 

AMIKACIN 

1976 

Analogue of streptomycin(21) 

https://drugs.ncats.io/drug/57Y76R9ATQ
https://drugs.ncats.io/drug/RA33EAC7KY
https://drugs.ncats.io/drug/D8K2JPN18B
https://drugs.ncats.io/drug/L4YEB44I46
https://drugs.ncats.io/drug/N29QWW3BUO
https://drugs.ncats.io/drug/84319SGC3C
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LOMUSTINE (Nitrosoureas) 

1976 

“In the 1950s, after the alkylating agents had 

become established as useful chemothera-

peutic agents, the National Cancer Institute 

organized a comprehensive screening pro-

gram to discover new compounds with anti-

tumor activity. Several animal tumors were 

investigated for use in the screening assay, 

and the L1210 murine leukemia line was cho-

sen for much of the testing; literally thou-

sands of synthetic and naturally occurring 

compounds were tested for activity against 

this tumor. In 1960, Greene and Greenberg 

reported that the synthetic compound, N-me-

thyl-N ‘-nitro-N-nitrosoguanidine (MNNG), 

resulted in a moderate increase in the life-

span of mice carrying intraperitoneal L1210 

cell(242).” 

“Since MNNG represented a new class of 

compounds, the National Cancer Institute de-

cided to investigate its activity further and to 

synthesize analogs of MNNG in an attempt to 

find more active derivatives. A synthetic pro-

gram was started at the Southern Research In-

stitute in Birmingham, AL, and new com-

pounds were tested for activity against L1210 

cells(242).” 

PRAZOSIN 

1976 

“DISCOVERY OF PRAZOSIN: Prazosin 

was the most interesting of several hundred 

compounds that were synthesized and evalu-

ated in our Medical Research Laboratories at 

Groton, Connecticut. […] 

Several prototype structures were synthe-

sized that could be regarded as hybrids since 

they incorporated structural features of the 

natural substrates cyclic-AMP and cyclic-

GMP and the known inhibitors of phos-

phodiesterase. papaverine and theophylline, 

both of which cause direct relaxation of vas-

cular smooth muscle. 

Pharmacological experiments showed that 

prazosin acted on vascular smooth muscle to 

reduce total peripheral resistance, and distri-

bution studies with radioactive prazosin-2-
14C in dogs support this, in that high concen-

trations of radioactivity are found in the 

blood vessels (Hess, 1974)(243).” 

I could not find the manuscript that was cited 

as describing the initial structure-activity 

studies; “(Hess, 1974)” 

LOPERAMIDE 

1976 

Meperidine (pethidine) was at first intro-

duced as an anticholinergic synthesized 

based on atropine and scopolamine. In clinic, 

it had shown opium-like analgesic and anti-

diarrheal effects. In order to separate these 

activities, Paul Janssen used Straub mouse 

tail test for opiate activity and the electrically 

driven guinea pig ileum in vitro for antispas-

modic activity. He succeeded in invention of 

loperamide, diphenoxylate, and fenta-

nyl(149). 

GALLIUM CATION GA-67 

1976 

Inorganic 

HUMAN SERUM ALBUMIN I-131 

1976 

Radiopharmaceutical 

CARMUSTINE 

1977 

Analogue of mechlorethamine 

https://drugs.ncats.io/drug/7BRF0Z81KG
https://drugs.ncats.io/drug/XM03YJ541D
https://drugs.ncats.io/drug/6X9OC3H4II
https://drugs.ncats.io/drug/99T03J52W0
https://drugs.ncats.io/drug/ACH35131L1
https://drugs.ncats.io/drug/U68WG3173Y
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DINOPROSTONE 

1977 

Trans isomer of the endogenous prostaglan-

din E2(217) 

“The history of the eicosanoids dates back to 

1930 when Kurzrok and Lieb, studying arti-

ficial insemination, found that human semi-

nal fluid could relax or contract uterine strips 

taken from patients who were fertile or infer-

tile, respectively. This observation did not 

stimulate a search for a new biologically ac-

tive factor […] 

In 1933 and 1935, Goldblatt observed the ef-

fects 

of human seminal plasma on isolated organs, 

or following injection into animals. He noted 

that the principle could be distinguished from 

other known active compounds. Von Euler 

made similar, independent observations in 

1934, using sheep vesicular gland extracts 

and human seminal plasma(244).” 

From the 1930 discovery paper of Kurzrok 

and Lieb: 

“In the treatment of human sterility, one of us 

(R. K.) has made many attempts to secure 

pregnancy by means of artificial insemina-

tion. Of the dozens of attempts. only 2 were 

probably successful. In a number of cases it 

was observed that when 0.5 cc. of semen was 

injected into the uterine cavity, the semen 

was promptly expelled, even though the pa-

tient was kept in an extreme Trendelenburg 

position. A similar quantity of Ringer's solu-

tion similarly injected was invariably re-

tained. The patient always gave the same re-

action, apparently independent o i the phase 

of the menstrual cycle. These observations 

led to the following questions : What is the 

action of human semen upon the human 

uterus? Do 2 human uteri ever react differ-

ently to the same semen? Does one uterus re-

act differently to the semens of 2 different in-

dividuals? The answers to these questions 

can be found in the following observations. 

[…] 

Immediately after the removal of the uterus 

from the patient, adjacent strips were cut 

from it, and dropped into iced Ringer’s solu-

tion, and placed in the refrigerator until re-

quired for an experiment. The strips were cut 

parallel to the fibers of the external muscular 

layer. […] 

The experiments were done as soon as possi-

ble after the collection of the semen; usually 

within 3 hours. The uterine strips were sus-

pended in 100 cc. of warm, oxygenated 

Ringer’s solution, and 1 cc. of the warm se-

men was added. In all cases, contraction of 

the uterus caused ascent of the lever(245).” 

From the 1935 discovery paper of Goldblatt 

cited in the previous quotation: 

“Both seminal fluid and extract were tested 

for their effects on the blood-pressure of cats 

and rabbits under either with and without pre-

liminary treatment with atropine; on the iso-

lated small intestine of the rabbit with and 

without atropine; on the isolated uterus of the 

virgin guinea-pig; on the isolated seminal 

vesicle of the guinea-pig and on the es-

erinized rectus abdominis of the frog(246).” 

From the discovery paper of Euler cited in the 

first quotation in this entry: 

“Bei der Prüfung verschiedener Organe auf 

das Vorkommen eines von Euler und Gad-

dum in Darmmuskulatur und Gehirn gefund-

enen aktiven Prinzips mit atropinfesten, 

blutdrucksenkenden und darmerregenden 

Wirkungen an Kaninchen konnten in gewis-

sen Sekreten und Extrakten aus accesso-

rischen männlichen Genitaldrüsen ähnliche 

Wirkungen nachgewiesen werden, zum Teil 

in auffallend hohem Ausmaß(247).” 

Translation from Google Translate: 

“When examining various organs for the 

presence of an active principle found by Eu-

ler and Gaddum in the intestinal muscles and 

https://drugs.ncats.io/drug/K7Q1JQR04M
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brain with atropine-resistant, antihyperten-

sive and intestinal effects in rabbits, similar 

effects could be demonstrated in certain se-

cretions and extracts from accessory male 

genital glands, in some cases to a remarkably 

high extent(247).” 

CIMETIDINE 

1977 

From the discoverer, Sir James Black: 

“The bioassay systems were easily selected. 

For in vitro assays, guinea pig ileal muscle 

was the classical system for studying antihis-

tamines such as mepyramine. Guinea pig 

atrial tissue looked like a good assay for 

mepyramine-refractory histamine responses. 

For the assay of acid secretion, no in vitro as-

says were available. We chose the Ghosh and 

Schild method of lumen perfusion of the 

stomach of anesthetized rats, but the method 

worked reliably only after it had been sub-

stantially modified by Parsons, my new col-

league. The chemical program, from the start, 

concentrated on making analogs and deriva-

tives of histamine(199).” 

CYCLOBENZAPRINE 

1977 

Analogue of imipramine 

“Early studies of cyclobenzaprine use as-

sessed this drug for potential mood-altering 

properties, such as depression, and this was 

initially of promise, given that cycloben-

zaprine differs from amitriptyline by only 

one double bond. Eventually, most subse-

quent studies focused on the drug’s muscle 

relaxant properties(248).” 

LORAZEPAM 

1977 

Analogue of chlordiazepoxide 

CLEMASTINE 

1977 

Analogue of diphenhydramine(21) 

DISOPYRAMIDE 

1977 

Analogue of quinidine 

COLESTIPOL HYDROCHLORIDE 

1977 

https://drugs.ncats.io/drug/80061L1WGD
https://drugs.ncats.io/drug/69O5WQQ5TI
https://drugs.ncats.io/drug/O26FZP769L
https://drugs.ncats.io/drug/95QN29S1ID
https://drugs.ncats.io/drug/GFO928U8MQ
https://drugs.ncats.io/drug/X7D10K905G
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Chelating agent 

TAMOXIFEN 

1977 

Analogue of clomifene. 

“Today, tamoxifen is one of the world’s best-

selling hormonal breast cancer drugs. How-

ever, it was not always so. Compound ICI 

46,474 (as it was first known) was synthe-

sized in 1962 within a project to develop a 

contraceptive pill in the pharmaceutical la-

boratories of ICI (now part of AstraZeneca). 

Although designed to act as an anti-estrogen, 

the compound stimulated, rather than sup-

pressed ovulation in women(249).” 

“ICI Pharmaceuticals (now known as Astra-

Zeneca) had an interest in the pharmacology 

of synthetic derivatives of triphenylethylene 

in the 1940s and 1950s, and ICI chemists had 

synthesized several non-steroidal oestrogens 

that were used at high doses to treat breast 

cancer. However, the market for the treat-

ment of advanced breast cancer was ex-

tremely modest, with at most a few thousand 

patients who might respond for about a year.  

As the programme was tasked to find anti-

fertility agents, the group used models of re-

production in rats to identify suitable contra-

ceptive agents. These studies culminated in 

the identification of ICI46,474, the trans iso-

mer of a triphenylethylene — subsequently 

named tamoxifen—as a potentially safer 

medicine for clinical applications. 

The fact that tamoxifen had paradoxical full 

oestrogen-like actions in mice, but not in rats, 

created some uncertainty in the late 1960s 

about the action of tamoxifen in humans. For-

tunately, Walpole had a specific interest in 

cancer therapy and included coverage of the 

‘control of hormone-dependent tumours’ in 

the patent on tamoxifen, which primarily fo-

cused on ‘the management of the sexual cy-

cle’(250)” 

BACLOFEN 

1977 

Structure of baclofen is an analogue of the en-

dogenous neurotransmitter, GABA, yet it 

was designed to be more lipophile to increase 

penetration to CNS. It failed in its original 

purpose as an antiepileptic(251). 

From the original patent: 

“Die neuen Verbindungen besitzen wertvolle 

pharmakologische, insbesondere zentralhem-

mende Eigenschaften. So hemmen sie 

beispielsweise bei Versuchen an Mäusen, 

Katzen, Kaninchen und Hunden die Akti- 

vität von Neuren, die an der Steuerung der 

Motorik beteiligt sind(252).” 

Translation from Google Translate: 

“The new compounds have valuable pharma-

cological properties, in particular central in-

hibiting properties. For example, in experi-

ments on mice, cats, rabbits and dogs, they 

inhibit the activity of neurs involved in motor 

control(252).” 

TECHNETIUM TC-99M MEDRONATE 

1977 

https://drugs.ncats.io/drug/094ZI81Y45
https://drugs.ncats.io/drug/H789N3FKE8
https://go.drugbank.com/drugs/DB09138
https://go.drugbank.com/drugs/DB09138
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Diagnostic 

DIFLORASONE 

1977 

Analogue of cortisone 

Error in similarity calculation by FTrees 

CLOCORTOLONE 

1977 

Analogue of cortisone 

Error in similarity calculation by FTrees 

DESOXIMETASONE 

1977 

Analogue of cortisone 

Error in similarity calculation by FTrees 

METOPROLOL 

1978 

Analogue of propranolol(253) 

TIMOLOL  

1978 

Analogue of propranolol(253) 

SULINDAC 

1978 

Analogue of indomethacin(21) 

CEFOXITIN 

1978 

Analogue of cefalexin 

BRETYLIUM 

1978 

“Serendipidy was a major factor in the dis-

covery of the forerunner of bretylium. Start-

ing in the early 1950’s, Dr Hey of Leeds Uni-

versity had been examining the relationship 

between structure and nicotine-like action in 

a series of substituted phenylcholine ethers. 

As an extension of this work choline 2:6 xy-

lyl ether bromide was made and examined 

This compound became known as TM1O and 

later as xylocholine. It produced a brief rise 

in blood pressure in cats, characteristic of the 

series, but tachyphylaxis to this response was 

unusually rapid in onset and falsely attributed 

to a long lasting local anaesthetic action. 

Later the important observation was made 

that TM10 abolished, for long periods, con-

tractions of the nictitating membrane caused 

https://drugs.ncats.io/drug/T2DHJ9645W
https://drugs.ncats.io/drug/N8ZUB7XE0H
https://drugs.ncats.io/drug/4E07GXB7AU
https://drugs.ncats.io/drug/GEB06NHM23
https://drugs.ncats.io/drug/184SNS8VUH
https://drugs.ncats.io/drug/6OEV9DX57Y
https://drugs.ncats.io/drug/RZR75EQ2KJ
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by stimulation of the postganglionic cervical 

sympathetic nerve, without impairing, except 

briefly, the contractile responses of the mem-

branes to injected adrenaline(254).” 

NATAMYCIN 

1978 

I could not retrieve the full-text of the report. 

“Physical properties, activity, toxicity, and 

the effect on the circulatory system and faecal 

flora of pimaricin, a new crystalline antibi-

otic, prxcoduced by Streptomyces na-

talensis (a new sp. to be described elsewhere) 

are discussed. This substance, belonging to 

the polyene group of antibiotics, is highly ac-

tive against a large variety 

of yeasts and fungi (including Candida albi-

cans, Histoplasma capsulatum, and dermato-

phytes at 3-50 µg./ml.) but shows no activity 

against bacteria(255).” 

DIFENOXIN HYDROCHLORIDE 

1978 

Analogue of diphenoxylate 

CEFADROXIL  

1978 

Analogue of cefalexin(21) 

DOBUTAMINE 

1978 

Analogue of isoprenaline 

“Tuttle, a pharmacologist, and Mills, a me-

dicinal chemist, systematically modified the 

structure of isoproterenol/isoprenaline with 

the goal of generating new drugs to improve 

cardiac function. […]  

The first pass screen involved testing com-

pounds, including dobutamine, in feline pa-

pillary muscle preparations since this was a 

preferred model for measuring contractility. 

It was in this setting that it was observed that 

removing the hydroxyl group resulted in sim-

ilar positive inotropic effects to isoproterenol 

without the same effect on heart rate. Con-

tractile potency was compared among the dif-

ferent agents, and in vivo testing was carried 

out in mongrel dogs(256).” 

BROMOCRIPTINE 

1978 

“Ergot has been studied for many years as a 

source of various alkaloids and has long been 

known as a uterotonic (a drug that regulates 

the function of the uterus). As far back as 

1869, two doctoral dissertations were de-

fended in Russia that described experiments 

on dogs and lactating women (with low social 

responsibility) whose children were sent to 

an orphanage. Ergot’s ability to stop lactation 

was discovered(257).” 

“In 1954, Shelesnyak published the first pa-

per showing that the ergot extract known as 

ergotoxine, a mixture of ergocornine, 

https://drugs.ncats.io/drug/8O0C852CPO
https://drugs.ncats.io/drug/VQZ63K01IW
https://drugs.ncats.io/drug/Q525PA8JJB
https://drugs.ncats.io/drug/3S12J47372
https://drugs.ncats.io/drug/3A64E3G5ZO
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ergocryptine and ergocristine, inhibited the 

formation of deciduomata in pseudopregnant 

rats and also interfered with early gestation in 

the rat by preventing progresterone produc-

tion by the corpus luteum it prevented im-

plantation of the fertilized ovum and thus had 

an anti-fertility effect. […]  

Flückiger realized that ergocornine could not 

be used in humans due to its oxytocic and 

vascular effects. He therefore set out to mod-

ify its structure and bring out the prolactin-

lowering action without the oxytocic or vas-

cular effects. Bromocriptine was the com-

pound which he made and which became the 

first dopamine agonist to be approved for 

treatment of patients. […]  

No immunoassays were available at that time 

for measurement of either GH or prolactin. 

Thus, Prof. Flückiger had to rely on in vivo 

bioassays when studying the prolactin activi-

ties in his rats – suppression of lactation, in-

hibition of implantation of the fertilized 

ovum or blocking pseudopregnancy. We now 

know that prolactin has different roles in hu-

mans than in the rat. It is not luteotrophic and 

suppression of prolactin restores fertility in 

patients with hyperprolactinemia. The next 

twist in the story was that bromocriptine was 

developed as an inhibitor of prolactin secre-

tion in the human. Dopamine receptors had 

not yet been identified and it was unknown 

how ergocryptine or bromocriptine sup-

pressed prolactin secretion(258).” 

The bioassay used in the first publication de-

scribing bromocriptine was evaluating the 

pregnancy of rats(259). 

VERAPAMIL 

1978 

“Papaverine, unlike the other two alkaloids, 

is not an analgesic or narcotic. It acts by re-

laxing smooth muscle, and in animals it de-

presses conduction in cardiac muscle and 

prevents chloroform induced ventricular fi-

brillation. In the 1930s it was tried without 

success in angina, hypertension, and arrhyth-

mias. However, it was popular for the relief 

of intestinal colic and this led in 1957 to the 

German pharmaceutical firm Knoll produc-

ing a very active synthetic analogue D365. D 

for their chemist, Ferdinand Dengel. This be-

came known as verapamil and in 1963 Al-

brecht Fleckenstein made a seminal discov-

ery of calcium antagonism as its mode of ac-

tion. In 1972 Schamroth, Krikler, and Garrett 

were the first to link the arrhythmia terminat-

ing action of verapamil with the concept of 

calcium channel blockade(260).” 

BUTORPHANOL 

1978 

Analogue of morphine(21) 

ASPARAGINASE 

1978 

“The advances that led to the use of L-aspar-

aginase in cancer therapy were (1) the discov-

ery that guinea pig serum inhibits certain 

transplanted leukemias of the mouse (KIDD, 

1953), (2) the finding that the cells of some 

tumors die in vitro unless supplied with L-

https://drugs.ncats.io/drug/CJ0O37KU29
https://drugs.ncats.io/drug/QV897JC36D
https://drugs.ncats.io/drug/G4FQ3CKY5R
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asparagine, (3) the demonstration that the en-

zyme L-asparaginase is the antileukemic fac-

tor in guinea pig serum, (4) the demonstration 

that the inhibitory effect of asparaginase is 

not restricted to mouse leukemias with a long 

history of transplantation (5) the finding that 

asparaginase with antileukemic activity can 

be isolated from E. coli, a potentially inex-

haustible source, and (6) the successful use of 

E. coli L-asparaginase in the treatment of pri-

mary lymphosarcoma of the dog(261).” 

From the discovery paper cited in the previ-

ous quotation: 

“In experiments undertaken for other pur-

poses the observation has recently been made 

that subcutaneous lymphomas of two kinds 

promptly regress following the injection of 

normal guinea pig serum intraperitoneally 

into mice carrying them, the animals mean-

while remaining lively and fleshy and devoid 

of signs of illness, while the growths of un-

treated control animals, and those of mice 

given serum from rabbits or horses, enlarge 

progressively and kill their hosts. Further-

more, in control experiments two trans-

planted mammary carcinomas and a trans-

planted fibrosarcoma of mice did not regress 

but grew unimpeded following the injection 

of guinea pig serum into mice bearing them. 

The findings provide an example, unique thus 

far, of a naturally occurring substance that 

brings about regression of a single type of 

cancer cells in riving animals without doing 

obvious harm to the latter(262).” 

CISPLATIN 

1978 

“Cisplatin was serendipitously discovered by 

Rosenberg and his coworkers in 1965 who, 

while investigating the effect of electric cur-

rent on bacteria, observed growth inhibition 

accompanied by a filamentous clustering of 

the cells around the Pt electrode. The phe-

nomenon was found to be due to the interac-

tion of the growth medium and the Pt 

electrode, which led to the formation of a Pt 

complex, cis-diamminedichloroplatinum(II). 

Fortunately, the investigators concluded that 

this Pt compound might exert also antitumor 

activity. Their hypothesis was confirmed in 

tumor cell cultures and transplantable murine 

tumor models(263).” 

From the discovery paper cited in the previ-

ous quotation: 

“IN an investigation of the possible effects of 

an electric field on growth processes in bac-

teria, we have discovered a new and interest-

ing effect. In E. coli, the presence of certain 

group VIIIb transition metal compounds in 

concentrations of about 1-10 parts per million 

of the metal in the culture medium causes an 

inhibition of the cell division process. The 

bacteria form long filaments, up to 300 times 

the normal length, which implies that the 

growth process is not markedly affected. 

We have now tested a number of platinum 

and other group VIIIb compounds to deter-

mine the most effective anions and cations 

for this effect. The chemicals were inoculated 

so as to maintain a concentration of 8 p.p.m. 

of the metal in the nutrient medium of the cell 

for a period of 2 h. The effects fall into three 

categories: the bacteria were killed; there was 

no apparent change; a minimum of 20 per 

cent of the bacteria were forced into a fila-

ment form(264).” 

CALCITRIOL 

1978 

Active form of vitamin D(21) 

https://drugs.ncats.io/drug/Q20Q21Q62J
https://drugs.ncats.io/drug/FXC9231JVH
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DESMOPRESSIN 

1978 

Analogue of the endogenous vasopressin(1) 

TRIMIPRAMINE 

1979 

Analogue of imipramine 

CEFACLOR  

1979 

Analogue of cefalexin(21) 

DAUNORUBICIN 

1979 

Analogue of doxorubicin 

First observations of the antitumor activity of 

daunorubicin was in mice and rats with 

tumours. Its structure was suggested because 

of the antitumor of another similar structure, 

cinerubine, whose antitumor activity was 

shown in animals and cell cultures(265-267). 

MINOXIDIL 

1979 

From the discoverer(s): 

“The compound originally focused upon was 

N,N-diallylmelamine (DAM; U-7720). Inter-

estingly enough, this agent had not been syn-

thesized by Upjohn chemists but rather had 

been ordered out of an American Cyanamid 

chemical catalog. In the course of empirical 

screening, Upjohn scientists found that orally 

administered DAM reduced gastric acidity in 

pyloris-ligated rats and immediately won-

dered if this was accomplished by an anticho-

linergic mechanism. The absence of water 

solubility described for DAM at that time, 

which eventually proved to be misleading, 

was nevertheless fortuitous since it resulted 

in the conduct of an in vivo study in con-

scious dogs instead of the more customary in 

vitro assessment of reversal of acetylcholine 

actions on intestinal smooth muscle. […]  

clinical interest in DAM subsided when a 

trial later that year in humans disclosed no re-

versal of hypertension after as much as a 2-g 

oral dose of DAM(268).” 

By identifying the structure of its different 

metabolites via investigating their effects in 

rat and dogs, it was recognized that the reason 

of the inefficacy of the drug in humans was 

its little transformation to the active metabo-

lite. 

“Indeed, dogs and rats produced 14 to 17 

times as much DAMN-O as did humans. Fi-

nally, the dose-response relationships of 

DAM and DAMN-O were compared in 

rats(268).” 

The active metabolite, DAMN-O, was tested 

in another clinical trial. But because of the in-

cidence of congestive heart failure and also 

https://drugs.ncats.io/drug/ENR1LLB0FP
https://drugs.ncats.io/drug/6S082C9NDT
https://drugs.ncats.io/drug/3Z6FS3IK0K
https://drugs.ncats.io/drug/ZS7284E0ZP
https://drugs.ncats.io/drug/5965120SH1
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showing some toxicities in canines, its as-

sessment was discontinued. Because of the 

unique direct peripheral vasodilator effect of 

DAMN-O, more analogues were synthesized 

and tested for reducing blood pressure and 

salt retention. 

“We also studied the metabolic fate of 

minoxidil in other animals and added the rhe-

sus monkey to the growing list of species in 

which this family of agents failed to induce 

cardiac lesions(268).” 

Minoxidil was selected for clinical trials. 

Minoxidil got the FDA’s approval of an 

emergency-use protocol in late 1970. 

“It was at this stage of development that 

minoxidil’s potential as a hair growth stimu-

lant emerged. Chidsey made the first obser-

vation of hypertrichosis in several refractory 

hypertensive patients whose treatment con-

tinued beyond 2 weeks.  Two dermatologists 

who were consulted about this phenomenon 

were intrigued and innovatively tested the 

drug topically for localized action. Interest-

ingly, topical minoxidil evoked hair growth 

that was localized to the site of application on 

the upper arm(268).” 

ISOFLURANE 

1979 

“The anesthetic properties of several fluori-

nated hydrocarbons were reported by Rob-

bins in 1946. In the period 1946–1959, three 

fluorinated compounds, two ethers, and one 

hydrocarbon were introduced into clinical 

practice: fluoroxene by Ohio Medical Prod-

ucts in 1951, halothane by Ayerst Laborato-

ries and Imperial Chemical Industries, PLC 

in 1955, and methoxyflurane by Abbott La-

boratories in 1959. […] 

[T]he goal of which was to synthesize a new 

volatile anesthetic at least equal to, but hope-

fully better than, halothane, the market leader 

at the time. […]  

[I]t was possible to synthesize several 

hundred fluorinated compounds for testing as 

anesthetic agents. Most of the compounds 

failed when tested in mice, but three did 

not—enflurane, isoflurane, and desflurane. 

These three were all patented as anesthetics 

and are currently approved and mar-

keted(269).” 

CARBOPROST 

1979 

Analogue of the naturally occurring prosta-

glandin F2alpha(1) 

See the dinoprostone entry. 

NADOLOL 

1979 

Analogue of propranolol 

AMCINONIDE 

1979 

Analogue of cortisone 

Error in similarity calculation by FTrees 

METYROSINE 

1979 

https://drugs.ncats.io/drug/CYS9AKD70P
https://drugs.ncats.io/drug/7B5032XT6O
https://drugs.ncats.io/drug/FEN504330V
https://drugs.ncats.io/drug/423W026MA9
https://drugs.ncats.io/drug/DOQ0J0TPF7


130 

 

Analogue of the natural amino acid, tyrosine 

ALTERATION of sympathetic function, 

both centrally and peripherally, underlies the 

usefulness of a number of clinical procedures 

and therapeutic agents. Prominent among 

these are various types of surgical sympa-

thectomy and chemical agents which en-

hance, mimic, displace, or interfere with the 

actions of the sympathetic transmitter, nora-

drenaline. An approach to sympathetic regu-

lation in man which has not been done previ-

ously is the inhibition of synthesis of the cat-

echolamine hormone. This report presents 

preliminary data on the successful inhibition 

of catecholamine synthesis with a chemical 

agent in man. Alpha-methyl-tyrosine (α-

M.P.T.), one of the analogues of tyrosine 

which we have shown to inhibit the hydrox-

ylation of tyrosine to dopa in animal tissues 

in vitro (Nagatsu, Levitt, and Udenfriend 

1964) and in vivo (Spector, Sjoerdsma, and 

Udenfriend 1965) was administered to pa-

tients and found to lower urinary excretion of 

noradrenaline, adrenaline, and their major 

metabolites. 

Patients with phaeochromocytoma generally 

showed decreases in blood-pressure, fewer 

hypertensive paroxysms, and decreased re-

quirement for phenoxybenzamine while re-

ceiving α-M.P.T. at doses in the range of 

1000-3500 mg. per 24 hours. Blood-pressure 

changes, however, were absent or equivocal 

in patients with essential hypertension(270).” 

From the 1964 discovery paper cited in the 

previous quotation: 

“After demonstration of the decarboxylation 

of 3,4-dihydroxy-phenylalanine (dopa) to do-

pamine, the pathway for bio- synthesis of 

norepinephrine shown in Fig. 1 was pro-

posed. […] Reports of the enzymatic conver-

sion of tyrosine to catecholamines by tissue 

slices and minces have generally been uncon-

vincing owing to large and variable blanks 

with boiled preparations. It has now been 

possible to demonstrate that brain, adrenal 

medulla, and sympathetically innervated tis-

sues contain a specific hydroxylase that cata-

lyzes the conversion of L-tyrosine to dopa. 

[…] The present communication describes 

the isolation, purification, and characteriza-

tion of a soluble tyrosine hydroxylase from 

beef adrenal medulla. The soluble tyrosine 

hydroxylase requires for activity tetrahydrop-

teridine derivatives comparable to those pre-

viously observed for phenylalanine hydrox-

ylase. […] 

Conversion of Tyrosine to Dopa in Tissues 

Slices, Minces, and Crude Tissue Extracts-

More than 10 years ago, studies in this labor-

atory showed that tyrosine could be con-

verted to catechol derivatives by slices and 

minces of adrenal medulla and other tissues. 

However, it was found that heated tissues 

were almost as active. Recent studies by Iyer, 

McGeer, and McGeer illustrate this point. 

Because of the activity in heated preparations 

it was even considered that nonenzymatic re-

actions could conceivably explain aromatic 

hydroxylation in the adrenal gland. In recent 

studies it has been found that slices of tissues 

having sympathetic innervation convert only 

L-tyrosine to dopa; L-tyrosine is not active. 

When such tissue slices are heated, the activ-

ity may increase or decrease to some extent, 

but now both D- and L-tyrosine yield dopa. 

An example of such studies with adrenal and 

spleen slices is shown in Table I. It became 

apparent from these initial studies that intact 

tissues contain a stereospecific tyrosine-hy-

droxylating system. 

A number of aromatic compounds related to 

tyrosine and dopa were tested as inhibitors 
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with the use of brain particles and purified ad-

renal enzyme. It is of interest that a large 

number of aromatic amino acids were effec-

tive inhibitors. In these cases only the L-

amino acids were active. The inhibition with 

n-amino acids is probably of a competitive 

nature. This was definitely established for α-

methyltyrosine. The finding that catechol 

compounds can inhibit may be a manifesta-

tion of product inhibition since dopa, norepi-

nephrine, and related compounds inhibit. The 

compound α-propyl-3,4-dihydroxyphenyla-

cetamide, which was suggested to be an in-

hibitor of dopa formation from studies in 

vivo, appears to be a somewhat better inhibi-

tor than dopa or the other naturally occurring 

catechol derivatives. The mechanism of the 

catechol inhibition has not been investi-

gated(271).” 

From the 1965 discovery paper cited in the 

first quotation in this entry: 

“Repeated administration of the tyrosine hy-

droxylase inhibitor, α-methyl-tyrosine to 

guinea pigs decreased catecholamine levels 

in brain stem, caudate nucleus, heart and 

spleen to undetectable levels. Serotonin was 

unaffected. That the catecholamine decrease 

was a consequence of inhibition of tyrosine 

hydroxylase was shown by the following: tis-

sue concentrations of norepinephrine failed 

to rise following monoamine oxidase inhibi-

tion and decarboxylase inhibitors failed to 

block the α-methyl-tyrosine effect; the con-

version of tyrosine-C14 to norepinephrine was 

inhibited whereas that from dopa-H3 was not; 

and there was a normal uptake of exogenous 

norepinephrine by heart and spleen in ani-

mals pretreated with α-methyl-tyrosine. Pre-

liminary studies of the pharmacologic conse-

quences of blockade of norepinephrine syn-

thesis indicate impairment of motor activity 

and mild sedation in cats and guinea pigs and 

a reduction of the tyramine and norepineph-

rine pressor responses in guinea pigs and 

rats(272).” 

AMOXAPINE 

1980 

Analogue of imipramine 

MAPROTILINE 

1980 

Analogue of imipramine 

CALCIFEDIOL 

1980 

A biologically active vitamin D3 metabo-

lite(1) 

TRIFLURIDINE 

1980 

Analogue of cytarabine 

https://drugs.ncats.io/drug/R63VQ857OT
https://drugs.ncats.io/drug/2U1W68TROF
https://drugs.ncats.io/drug/RMW9V5RW38
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“It is a nucleoside analogue, a modified form 

of deoxyuridine, similar enough to be incor-

porated into viral DNA replication(1).” 

MECLOFENAMIC ACID 

1980 

Analogue of mefenamic acid 

ESTRAMUSTINE 

1981 

Analogue of nitrogen mustard 

“Estramustine is a combination of estradiol 

with nitrogen mustard. In vivo, the nitrogen-

mustard moiety becomes active and partici-

pates in alkylation of DNA or other cellular 

components(1).” 

SUCRALFATE 

1981 

Acts as a physical barrier. 

KETOCONAZOLE 

1981 

Analogue of miconazole(21) 

TRAZODONE HYDROCHLORIDE 

1981 

“Although trazodone is inactive in standard 

laboratory tests for antidepressant agents, in-

terest that it might have antidepressant activ-

ity arose from studies in normal volunteers as 

well as from efficiacy studies in other psychi-

atric disorders(273).” 

From the discoverer(s): 

“The mental pain hypothesis of depression 

provided the rationale for developing an en-

tirely new generation of antidepressants. 

Their prototype was trazodone, followed by 

various derivatives … These antidepressants 

are devoid of the aminergic properties of 

monoamine oxidase inhibitors and tricyclics 

that in the 1960s were considered the distinc-

tive characteristics of antidepressants; there-

fore, they could never be detected by the old 

animals models of depression that relied on 

amine depletion(274).” 

From the discoverer(s): 

“This observation led to a working hypothe-

sis proposing that substances capable of in-

hibiting the response to noxious stimuli in an-

imals could possess antidepressant effects in 

humans. Accordingly, a pharmacological 

study of trazodone was performed with a bat-

tery of animal models entirely different from 

that used for first-generation antidepressants. 

This approach led to foreseeing the potential 

https://drugs.ncats.io/drug/48I5LU4ZWD
https://drugs.ncats.io/drug/35LT29625A
https://drugs.ncats.io/drug/XX73205DH5
https://drugs.ncats.io/drug/R9400W927I
https://drugs.ncats.io/drug/6E8ZO8LRNM
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usefulness of trazodone and other compounds 

in depression despite a pharmacological pro-

file different from that of the tricyclics(275).” 

SALBUTAMOL 

1981 

Analogue of isoproterenol 

From the discoverer(s): 

“Sympathomimetic amines are widely used 

for the treatment of reversible airways ob-

struction. Isoprenaline has been extensively 

used, following demonstration of its bron-

chodilator activity in animals and man. Iso-

prenaline is, however, effective only when 

given by aerosol or sublingual routes because 

it is rapidly inactivated by catechol-O-methyl 

transferase. It can also cause marked side ef-

fects due to stimulation of β-adrenoceptive 

receptors (β-receptors) in the cardiovascular 

system. More recently, orciprenaline, the res-

orcinol analogue of isoprenaline, was shown 

to be an effective bronchodilator when given 

by aerosol or by mouth, with some selectivity 

for bronchial smooth muscle […] 

It seemed possible that other chemical group-

ings might subserve for the catechol function 

in isoprenaline-like compounds to yield β-re-

ceptor stimulant drugs, which were not sub-

strates for catechol-O-methyl transferase and 

had very high selectivity for bronchial 

smooth muscle. […] Of many compounds 

made and tested in these laboratories, 2-t-bu-

tylamino-l-(4-hydroxy-3-hydroxymethyl) 

phenylethanol (Salbutamol, AH 3365) was 

chosen for detailed study because it seems to 

have a very selective action on bronchial 

muscle. Some of the pharmacological results 

are given in this paper(276).” 

The reported assays(276): 

✓ Comparison of the effects of salbutamol, 

isoprenaline and orciprenaline in anaes-

thetized animals 

▪ Antagonism of acetylcholine-induced 

bronchospasm in the guinea-pig 

▪ Actions on blood pressure, heart rate 

and respiration of dogs 

▪ Antagonism of bronchoconstriction 

caused by vagal stimulation in open 

chest cats and dogs 

▪ Effects on peripheral blood flow in 

the skinned hind limb of the dog 

✓ Comparison of the effects of salbutamol, 

isoprenaline and orciprenaline on Acetyl-

choline-induced bronchospasm, and heart 

rate in conscious guinea-pigs 

✓ Comparison of the effects of salbutamol, 

isoprenaline and orciprenaline on acetyl-

choline-induced bronchospasm, and heart 

rate in conscious guinea-pigs 

✓ Effects of salbutamol and isoprenaline on 

isolated tissues 

▪ Tracheal chain of the guinea-pig. 

▪ Atria of the guinea-pig. 

VALRUBICIN 

1981 

Analogue of doxorubicin(277) 

https://drugs.ncats.io/drug/EDN2NBH5SS
https://drugs.ncats.io/drug/2C6NUM6878
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GEMFIBROZIL 

1981 

Analogue of clofibrate(21) 

Discovery of clofibrate: 

“Cottet reported that farm workers exposed 

to an insecticide which was sprayed from the 

air over fields in the region of Clermont-Fer-

rand in France became ill and were found to 

have remarkably low plasma cholesterol. 

This insecticide (phenyl ethyl acetic acid) 

had been developed by the agricultural divi-

sion of Imperial Chemical Industries (ICI). A 

chemist in ICI, Jeff Thorp, recognized the po-

tential of this substance and synthesized an 

analogue, chlorophenoxyisobutyrate (later 

called Atromid-S or clofibrate). Because of 

our published interest in cholesterol metabo-

lism and plasma lipoproteins, Thorp tele-

phoned me one day in 1957 asking whether 

Boyd and I might be willing to study the cho-

lesterol-lowering effects of this analogue. For 

3 years, we explored its effects, mostly in 

rats, finding it to be particularly effective in 

adrenalectomized rats. In those days, there 

were no requirements to present a clinical 

programme to any scientific or ethics com-

mittee, since there were no such committees! 

Therefore, slowly, I began to use it in healthy 

men starting with a dose of 250 mg daily. Af-

ter a further 2 years, we identified that a daily 

dose of 1.5 g or more reduced plasma choles-

terol concentrations consistently and signifi-

cantly but wrongly labelled it as an orally ac-

tive androsterone. Our subsequent research 

showed that its action was not related to an-

drosterone activity, though we did not under-

stand the mechanisms through which it 

lowered plasma cholesterol and more impres-

sively plasma triglycerides(278).” 

ATENOLOL 

1981 

Analogue of propranolol(253) 

CEFOTAXIME 

1981 

Analogue of cefalexin(21) 

PIPERACILLIN  

1981 

Analogue of penicillin(21) 

CAPTOPRIL 

1981 

“From viper’s venom to drug design: 

treating hypertension […] 

https://drugs.ncats.io/drug/Q8X02027X3
https://drugs.ncats.io/drug/50VV3VW0TI
https://drugs.ncats.io/drug/N2GI8B1GK7
https://drugs.ncats.io/drug/9I628532GX
https://drugs.ncats.io/drug/9G64RSX1XD
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The concept of inhibiting ACE, which plays 

an integral role in blood pressure control by 

converting angiotensin I into the powerful 

hypertensive peptide angiotensin II, origi-

nated from an unusual source. The toxic ef-

fects of venom from a Brazilian viper (Both-

rops jararaca) were found to be due to a sud-

den, massive drop in blood pressure. This 

piqued the interest of Nobel prize winning 

scientist, Sir John Vane, under whose auspi-

ces it was revealed that the snake venom was 

a potent inhibitor of ACE. Vane took this dis-

covery to the pharmaceutical company 

Squibb, where two scientists, David Cush-

man and Miguel Ondetti, began working on 

creating a synthetic ACE inhibitor for use in 

treating hypertension(279).” 

From the discoverer(s): 

“In 1968, Dr. Y.S. Bakhle demonstrated that 

dog lung ACE was inhibited by a mixture of 

peptides from the venom of the Brazilian vi-

per Bothrops jararaca, a mixture first de-

scribed in 1965 by Sergio Ferreira as brady-

kinin-potentiating factor (BPF) […] We iso-

lated, characterized, and synthesized six 

longer ACE-inhibitory peptides […] 

The most potent of the larger peptides that we 

had sequenced, a nonapeptide, was very sta-

ble; its name, teprotide, reflects the four pro-

line residues that help to confer this stability. 

Teprotide and a large number of analogues 

were thoroughly characterized in vitro and in 

vivo. […]  

This exercise was not completely in vain; it 

showed how rare, indeed, were specific in-

hibitors of ACE, it also demonstrated that 

these, whether designed or stumbled upon, 

could be readily identified using a simple 

guinea pig ileum test system developed by 

Dr. Rubin and his colleagues. Success in this 

simple in vitro test was also highly predictive 

of activity in vivo, including antihypertensive 

activity. […] 

Since we needed an analogue of a dipeptide 

that would bind effectively to ACE, Ala-Pro 

was the obvious choice from our studies with 

the B. jararaca peptides. The compound sug-

gested from such deliberations was D-2-me-

thylsuccinyl-L-proline, although we decided 

to first make the much simpler molecule suc-

cinyl-L-proline, an analogue of the dipeptide 

Gly-Pro. From this moment of conception on 

March 13, 1974, only a year and a half passed 

before the first synthesis of captopril. Our 

thought processes, however, had been condi-

tioned by results obtained during the preced-

ing 6 years. Succinyl-L-proline had disap-

pointing potency as an ACE inhibitor, since 

it had about 30,000 times less activity than 

our eventual goal, captopril. The key result 

with this prototype compound, however, 

came in Dr. Rubin’s guinea pig ileum test. 

Unlike the 2,000 or so random compounds 

that we had previously tested, succinyl-L-

proline had the properties of a specific ACE 

inhibitor: it inhibited contractile actions of 

angiotensin I and potentiated those of brady-

kinin, without having any effects on contrac-

tile actions of angiotensin II or those of sev-

eral other smooth muscle agonists(280).” 

“The structure of captopril had originated in 

peptides. Squibb scientists had taken a pep-

tide obtained from snake venom and de-

signed analogues of it that led, in 1975, to the 

discovery of the nonpeptide captopril(281).” 

ALPROSTADIL 

1981 

Same as the endogenous prostaglandin 

E1(217). See the dinoprostone entry. 

https://drugs.ncats.io/drug/F5TD010360
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AMILORIDE 

1981 

“Amiloride was discovered in the late 1960s 

during an extensive screening process at the 

Merck Sharp and Dohme Research Laborato-

ries. Starting with N-amidino-3-amino-6-

bromopyrazinecarboxamide, over 300 com-

pounds were tested for their ability to reverse 

the effects of mineralocorticoids in rats. Of 

these amiloride was among the most potent in 

producing natriuresis without a concomitant 

kaliuresis(282).” 

From the discovery paper cited in the previ-

ous quotation: 

“More than 300 compounds were prepared 

pharmacologically to define the structure ac-

tivity relationships in this class and to find an 

agent with an optimally attractive electrolyte 

excretion pattern. […] 

Pharmacology.-Members of the series of N-

amidino-3-aminopyrazinecarboxamides, 

when administered orally to rats, produced a 

diuresis accompanied by a marked increase 

of Na+ excretion and little or no increase, or 

even a decrease, in K+ excretion. Such a pat-

tern of electrolyte excretion is the reverse of 

that produced by the mineralocorticoids, al-

dosterone and deoxycorticosterone, which 

cause sodium retention and increased potas-

sium excretion by the kidney. Thus, it ap-

peared that the compounds might act, at least 

in part, by blocking the renal effects of the 

mineralocorticoids. Accordingly, the com-

pounds were tested for deoxycorticosterone 

inhibitory activity by a method based on that 

of Marcus, et a1. Saline-loaded, adrenalecto-

mized Holtzmann rats weighing 130 ± 3 g. 

were injected subcutaneously with 12 γ of de-

oxycorticosterone acetate (DOCA), an 

amount sufficient to produce a maximal de-

crease in the urinary ratio of Na/K. The ani-

mals were then injected subcutaneously with 

the test compound and placed in metabolism 

cages, and 7-hr. samples of urine were 

collected. Analyses of the samples for Na+ 

and K+ concentrations gave values from 

which the urinary Na/K ratios could be calcu-

lated. The evidence of inhibition of the elec-

trolyte effects of DOCA is a rise in Na/K ratio 

over that obtained with DOCA alone. The 

dose of each compound which will produce a 

50% reversal of the DOCA effect is listed in 

Tables I, II, and III in the following codified 

form. 

N-Amidino-3-amino-6-chloropyrazinecar-

boxamide is the most potent DOCA inhibitor 

of this series, producing a 50% reversal of the 

DOCA effect at 36 γ/rat. Substitution on the 

guanidine moiety generally lowered activity, 

the lowering being, very roughly, propor-

tional to the bulk of the substituents. Only 3 

with two methyl substituents, 11 with a ben-

zyl, arid 13 with a hydroxyethyl substituent 

were approximately equipotent with 1. Re-

placement of the chlorine atom by bromine or 

iodine reduced activity. The acylation prod-

ucts of 1, 29, and 30 were weakly active 

(score ±). […] 

The diuretic and natriuretic activities in intact 

rats and dogs closely parallel the DOCA in-

hibitory activities; compound 1 is most 

highly active in both species. At comparable 

doses, the compounds are generally more ef-

fective in the rat than in the dog(283).” 

VECURONIUM 

1981 

Analogue of pancuronium 

https://drugs.ncats.io/drug/7DZO8EB0Z3
https://drugs.ncats.io/drug/5438723848
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ALPRAZOLAM 

1981 

Analogue of chlordiazepoxide 

TEMAZEPAM 

1981 

Analogue of chlordiazepoxide(21) 

FLUNISOLIDE  

1981 

Analogue of cortisone 

NIFEDIPINE 

1981 

“The vision of the pharmacologist Vater was 

to supply the diseased heart with more oxy-

gen using drugs to dilate the coronary arter-

ies. With this in mind, Vater introduced 

techniques of measuring the oxygen content 

in the coronary sinus blood into animal ex-

periments, which indirectly permitted the es-

timation of any possible coronary dilating ef-

fect of compounds. […] 

Bossert’s starting point was the natural prod-

uct khellin, a chromone from the Mediterra-

nean plant Ammi visagna, which was in 1947 

anecdotically reported to have some positive 

effects on the coronary vessels and heart 

function, but this was never confirmed. 

Bossert synthesized a number of chromone, 

thiochromones, and coumarin derivatives, 

however, most of them were ineffective in 

Vater’s experiments. Some increased the ox-

ygen content in coronary sinus blood, but 

only after intravenous not after oral admin-

istration, which was the aim of this research. 

In attempts to improve resistance to enteral 

enzymes, Bossert performed a stepwise mod-

ification of the quinolone basic structure and 

ended at esterified pyridines. A logical step 

in structured research, but these compounds 

were totally inactive in the coronary test per-

formed by Vater. Evidently, the reduction of 

the molecule size had gone too far. The dihy-

dropyridines appeared most suitable for in-

creasing the molecule size […] 

On December 9, 1964, the first compounds of 

this type, Bs 1861 (Bs = Bossert) was given 

to a dog. By modern standards it was a high 

dose, but at that time it was a standard dose 

for work with the thousands of weak or even 

ineffective compounds. After an initial in-

crease in oxygen saturation in the coronary 

sinus, the blood pressure rapidly decreased to 

such a level that the animal did not survive. 

During the experiments carried out over the 

next days, much lower doses were adminis-

tered; the increase in oxygen saturation in the 

coronary sinus was still present and of a 

longer duration. These first steps indicated 

that the primary goal had been achieved. 

However, such an event is usually not a cop-

ingstone, but rather the start of a new path, 

which in turn is paved with moments of 
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success and doubts before one can be certain 

that the final peak has been surmounted. 

Hundreds of derivatives were synthesized 

and tested in an attempt to find the right com-

pound. One and half years later, in June 1966, 

a powder in a small bottle designated ‘Bay a 

1040’ reached Vater’s pharmacological la-

boratory(284).” 

OXIGLUTATIONE DISODIUM 

1981 

“Oxiglutathione is the oxidized disulfide 

form of glutathione (GSH) with potential 

protective activity. Glutathione disulfide 

(GSSG) is reduced by glutathione reductase 

to GSH. GSSG and GSH together play im-

portant roles in numerous redox reactions, 

such as those involved in the detoxification 

of harmful substances and free radicals, and 

in reactions preventing oxidative damage in 

erythrocytes. Upon ocular administration in 

irrigation solution, glutathione disulfide may 

exert a beneficial effect on the intracellular 

redox state of glutathione, thereby protecting 

the integrity and barrier function of the cor-

neal endothelial cells(1).” 

From the discovery paper: 

“FOR some time it has been known that fi-

broblasts and epithelial cells proliferate in-

definitely in vitro in a medium composed of 

equal parts of plasma and embryo juice. If the 

factors responsible for the unlimited growth 

of tissues in such a medium could be known, 

it seems probable that much could be done to 

accelerate the normal processes of repair. 

[…] As a means to these ends it seemed de-

sirable to synthesize, if possible, a medium of 

known chemical composition in which the in-

definite proliferation of connective and epi-

thelial tissues would take place. The first step 

in this direction was made with the discovery 

that fibroblasts and epithelial cells cultivated 

in proteoses from certain proteins multiplied 

extensively, although for a limited period. It 

was shown later that peptones and the lower 

fragments of the protein molecule also con-

tribute to the nutrition of fibroblasts. Re-

cently a pure strain of sarcomatous fibro-

blasts was found to proliferate slowly for a 

period of fourteen to twenty days in an artifi-

cial medium composed of Tyrode solution, 

nucleic acid, glycocoll and the peptic diges-

tion products of either casein or crystalline 

egg albumin. Normal fibroblasts in pure cul-

ture also multiply for a limited time in this 

medium. The rate of growth, however, de-

creases with time, and death of the cells fol-

lows. One could attribute the deficiency of 

this medium in part, at least, to the absence of 

substances required for the functioning of the 

respiratory mechanism of the cell. It was also 

reasonable to suppose that a given oxidation-

reduction potential might be as important for 

cell multiplication as a definite osmotic pres-

sure or hydrogen-ion concentration. There-

fore, a study was made of the effect on the 

nutritive value of this medium of adding to it, 

(1) ash of liver, (2) glutathione and (3) hemo-

globin. […] 

The mixture of these three substances with 

casein digest, glycocoll and nucleic acid was 

found to have an astonishing effect on the 

multiplication of sarcomatous fibroblasts. 

The growth of new tissue was approximately 

100 per cent. greater in the first passage than 

that in the original medium of casein digest, 

glycocoll and nucleic acid, and was as great 

as that produced by embryo juice(285).” 

From the earliest paper (1913) cited in the 

previous quotation regarding the indefinite 

proliferation of cells in vitro: 

“If the rate of the reparation of tissues were 

activated ten times only, a cutaneous wound 

would heal in less than twenty-four hours, 

and a fracture of the leg would be cured in 

four or five days. […] Jacques Loeb, in his 

fundamental experiments on artificial 

parthogenesis, has demonstrated that cell di-

vision can be induced by slight changes in the 

composition of the sea water in which the sea 

https://drugs.ncats.io/drug/GY131TX61G
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urchin’s eggs are placed. It might even be 

supposed that certain modifications of the mi-

lieu intérieur of the tissues of mammals 

would bring about the multiplication of their 

cells. In 1907 and 1908 I began, therefore, to 

study the processes of reparation of small cu-

taneous wounds and the action of a great 

many substances on the rate of their cicatri-

zation. It was found that the proliferation of 

epithelium and of connective tissues was ac-

tivated under certain conditions by dressings 

made with the pulp of tissues and organs. For 

instance, thyroid gland pulp deposited on cu-

taneous wounds of the dog brought about the 

formation of exuberant granulations. Applied 

to bones, it produced a marked thickening of 

the periosteum. The external coat of an artery 

preserved in cold storage in a mixture of thy-

roid gland and Locke’s solution, and trans-

planted afterwards into a dog’s carotid, un-

derwent an enormous hypertrophy. However, 

it was difficult to study with precision the in-

fluence of these substances on the tissues of 

living dogs. It became evident that the 

changes brought about by them could be 

more precisely observed if the tissues were 

isolated from the organism and made to live 

in a medium of known composition. There-

fore, I undertook to adapt to the cultivation of 

mammalian tissues […]. In some experi-

ments that I made in 1911 with the collabora-

tion of Dr. Burrows, it appeared that the 

growth of chicken tissues were activated 

when extracts of the Rous chicken sarcoma 

and of chick embryo were added to the cul-

ture medium. 

In 1912, by using a more precise technique, I 

was able to study quantitatively the influence 

of tissue juices on the growth in vitro of con-

nective tissue and some of the characteristics 

of their activating power. […] 

In every experiment the fragments of heart, 

skin, and periosteum, cultivated in plasma 

containing an extract, grew more rapidly than 

their controls. It is certain, then, that tissue 

juices have the power to activate in vitro the 

growth of connective tissue(286).” 

TRIAZOLAM 

1982 

Analogue of chlordiazepoxide(21) 

PINDOLOL 

1982 

Analogue of propranolol(21) 

PRAZIQUANTEL 

1982 

“The compounds were passed on to Bayer for 

veterinary screening. Using a step-by-step 

procedure, the most effective substance, pra-

ziquantel, was chosen from a total of approx-

imately 400 compounds. This substance was 

found to be an effective anthelminthic against 

a broad spectrum of parasitic trematodes and 

cestodes. The drug was first developed for 

veterinary use and later tested for the treat-

ment of helminthic infections in humans. The 

therapeutic potential of praziquantel for the 

treatment of S. mansoni infections was first 

explored by Andrews and Gönnert in 1977 at 

the Research Centre Wuppertal using the 

schistosoma/mouse model(287).” 

https://drugs.ncats.io/drug/1HM943223R
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ACYCLOVIR 

1982 

From the discoverer(s): 

“The first purine nucleoside found to have 

useful antiviral activity, in the mid 1960s, 

was adenine arabinoside. This compound 

could be used not only topically but also in-

travenously, although the therapeutic index 

was not very large. In the late 1960s we syn-

thesized and tested other purine arabinosides 

as antiviral agents and found, to our delight, 

that 2,6-diaminopurine arabinoside and gua-

nine arabinoside were as active as adenine 

arabinoside in mice infected with HSV-1 or 

vaccinia virus. This changed our perspective 

with regard to which purine bases could be 

used for making antiviral nucleosides, and 

led eventually to acyclovir(288).” 

ISOTRETINOIN 

1982 

Analogue of tretinoin and Vitamin A(21) 

Naturally-occurring endogenous retinoid(1) 

“While searching for retinoids with less se-

vere side effects than tretinoin, Bollag (Hoff-

mann-La Roche, Switzerland) discovered 

and then synthesized isotretinoin (13-cis-ret-

inoic acid) in 1971. As early as 1973 the drug 

was tried in psoriasis, but the results were not 

encouraging. However, by 1976 isotretinoin 

was found to be highly effective in the treat-

ment of disorders of keratinization, particu-

larly Darier’s disease, lamellar ichthyosis, 

and pityriasis rubra pilaris. It happened that 

one patient who also had severe acne re-

sponded dramatically. Thus serendipity led to 

the discovery of a drug which is incompara-

ble effective in acne conglobate(289).” 

VALACYCLOVIR HYDROCHLORIDE 

1982 

Analogue of acyclovir 

DIFLUNISAL 

1982 

Analogue of salicylic acid 

DILTIAZEM 

1982 

Full-text of the earliest reporting paper pub-

lished in 1971 could not be found (PMID: 

5171789), a 1973 related that reports further 

studies on its derivatives, summarises the ef-

fects reported by that paper while citing it: 

“It is a new benzothiazepine derivative with 

notable coronary vasodilating activity in 

anaesthetized dogs and in the isolated guinea-

pig heart. CRD-401 also exhibits a weak de-

pressive effect, in large doses, on the beating 

rate and contractile force of the dog 

heart(290).” 

ALCLOMETASONE 
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1982 

Analogue of corticosteroid 

MALATHION 

1982 

“As an OP [organophosphate] insecticide, 

malathion was first registered for use in the 

United States in 1956 by the United States 

Department of Agriculture (USDA). […] 

OP introduced in the 1930s, are manufac-

tured chemical substances that are produced 

by the reaction of alcohols and phosphoric 

acid. Their primary effect as insecticide was 

discovered during military operations when 

initially used as nerve gases. Malathion, an 

OP compound, is also known as carbophos, 

maldison, and mercaptothion. Being a non-

systemic, wide-spectrum insecticide, mala-

thion is one of the most frequently used OP 

pesticides. It has been used for various eradi-

cation programs and for public health pur-

poses throughout the United States and other 

countries. Some of the common areas of us-

age include agricultural, industrial, and use 

by the general public. 

Malathion was developed during World War 

II, in the 1950s(291).” 

Discovery of organophosphates: 

“Their development goes back to 1932 when 

Willy Lange at the University of Berlin syn-

thesized some compounds containing the P-F 

linkage. During the synthesis of dimethyl and 

diethyl phosphofluoridate, he and his gradu-

ate student G. von Kreuger, noticed the toxic 

effects of the vapors on themselves. They 

wrote ‘…The vapours of these compounds 

have a pleasant and strongly aromatic odour. 

But a few minutes after inhaling, a marked 

pressure develops in the larynx combined 

with breathlessness. Then, mild disturbances 

of consciousness set in and also a feeling of 

being dazzled and painful hypersensitivity of 

the eyes to light. The symptoms decrease 

only after several hours. … Very small quan-

tities produce the effects…’ Lange seemed to 

be fully aware of the potentialities of organo-

phosphorus compound as insecticides, but he 

soon left Germany and did not continue to 

work in this field. The father of modern or-

ganophosphorus insecticides is therefore 

considered Gerhard Schrader, a chemist at 

the I. G. Farbenindustrie (now Bayer A. G.). 

In the mid thirties in Germany all available 

resources were used by the State in building 

defense programs, and the importation of 

goods which were not considered essential 

was considerably reduced. The latter in-

cluded nicotine and rotenone, which were the 

main products available for crop protection. 

While working in the synthesis of organic 

fluorine and sulfur compounds, one day in 

December 1936, Schrader noticed ‘…that, on 

my way home my visual acuity was some-

what reduced. By the following day vision 

had practically returned to normal and I re-

sumed my work. When other visual disturb-

ances occurred, it became quite obvious that 

they were caused by a new synthetic sub-

stance.’ This substance was isolated, but it 

was too toxic to warm-blooded animals to be 

used in agriculture. In the early forties, 

Schrader and his colleagues found a new sim-

ple method to synthetize a particular ester of 

pyrophosphoric acid (tetraethylpyrophos-

phate; TEPP) which was brought into the 

market in 1944 under the trade name Bladan. 

Interestingly, the same compound had been 

synthetized in 1854 by the French chemist de 

Clermont who also survived to report on the 

compound’s taste(292).” 

https://drugs.ncats.io/drug/U5N7SU872W
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STREPTOZOCIN 

1982 

Analogue of lomustine 

It was originally identified as an antibiotic 

isolated from Streptomyces achromogenes 

“Streptozotocin, an antibiotic produced by 

Streptomyces achromogenes, is a broad spec-

trum antibacterial agent and also has anti-

tumor activity in both in vitro and in vivo sys-

tems(293).” 

“Streptozotocin is an antibiotic extracted 

from Streptomyces acromogenes and pre-

pared in highly purified form. Its molecular 

weight is 265 with the empirical formula 

C8H15N3O7 containing a N-nitrosomethyla-

mide function. The substance has also been 

shown to exert antitumoral activity in leuke-

mia L 5178 Y, Ehrlich carcinoma and Walker 

256 carcinosarcoma. In 1963, Rakieten et al 

further reported that streptozotocin is dia-

betogenic, since its intravenous administra-

tion led to frank diabetes in dogs and rats. On 

the basis of their histologic studies, they at-

tributed this diabetes to damage to the pan-

creatic B-cells(294).” 

CICLOPIROX 

1982 

Topical antifungal. Based on the abstract, as 

the full-text could not be found, the discovery 

of the lead compound seems to have been 

achieved by using in vitro whole-cell fungal 

assays and then experimental guinea pig der-

matophytosis(295). 

INDIUM CHLORIDE IN-111 

1982 

Radiopharmaceutical 

PIROXICAM 

1982 

During the previous studies aimed at finding 

antiinflammatory compounds, some beta-

diketones such as phenylbutazone had shown 

antiinflammatory activity(89). 

From the discovery paper: 

“The 1,2-benzothiazin-4-(3H)-one 1,1-diox-

ide heterocyclic system has received little at-

tention and, in view of the activity found for 

the aforementioned β-diketonic acids, ap-

peared attractive as a potential source of 

acidic, and possibly biologically active, com-

pounds. This present paper reports the dis-

covery of potent antiinflammatory activity 

for certain acidic β-keto carboxamides de-

rived from this class of compounds(296).” 

After synthesizing various analogues, from 

the discovery paper: 

“Antiinflammatory activity was assessed as 

inhibition of edema formation in the hind 

paw of the rat in response to a subplantar in-

jection of carrageenin(296).” 

ETOMIDATE HYDROCHLORIDE 

1982 

“It emerged from their antifungal agent de-

velopment program, which involved the syn-

thesis of novel imidazole-containing com-

pounds designed to suppress the biosynthesis 

of the fungal steroid ergosterol by inhibiting 

the cytochrome P450 enzyme 14α-demethyl-

ase. When tested in rats, etomidate exhibited 

both potent anesthetic activity and a very 

high therapeutic index(297).” 

From the discoverer(s): 

“In these laboratories for a number of years 

we have been interested in imidazole deriva-

tives as chemotherapeutic agents. During the 

course of this work we have had occasion to 
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prepare a number of 1-aralkyl-imidazole-5-

carboxylic acid esters. The observation that 

one of these, upon parenteral or oral admin-

istration to rats, induced a profound hypnotic 

state prompted us to prepare additional ana-

logs of I, specifically type IIIb, in a effort to 

further delineate the structure-activity corre-

lations governing this class of com-

pounds(298).” 

RANITIDINE 

1983 

Analogue of cimetidine(21) 

BUMETANIDE 

1983 

Analogue of furosemide(21) 

INDAPAMIDE 

1983 

Analogue of chlorthalidone 

URSODIOL 

1983 

Ursodiol (Ursodeoxycholic acid), a naturally 

occurring hydrophilic bile acid derived from 

cholesterol, is present as a minor fraction of 

the total human bile acid pool(1). 

“Naunyn, in 1892, stated that human gall-

stones placed in the gallbladder of the dog 

disappeared after a few months. This has 

been repeatedly corroborated, and it seems 

clear that the stone disappears because of the 

solubility of the cholesterol of the stone in 

dog bile. 

Large and Lutton have demonstrated that not 

only the dog but also the pig, sheep, and goat 

will dissolve hum an stones placed in the 

gallbladder. Ox bile, as well as the bile of the 

dog, has been shown to have a solvent action 

on hum an gallstones in vitro. 

The solution of human gallstones by animal 

bile is a slow process in vivo or in vitro and 

requires long, continuous bathing of the stone 

in the bile and frequent replenishing of the 

bile as it becomes relatively saturated with 

dissolved cholesterol. 

Most animal bile is not so different in consti-

tution from human bile, and it seems reason-

able to assume that with slight changes in the 

com position of human bile it might dissolve 

human stones, or that substances excreted 

into the bile may be administered which will 

readily dissolve cholesterol(299).” 

HEMIN 

1983 

“Acute intermittent porphyria is character-

ized biochemically by the increased urinary 

excretion of the porphyrin precursors δ-ami-

nolevulinic acid (ALA) and porphobilinogen 

(PBG). This is believed due to a marked, ge-

netically mediated increase of hepatic ALA 

synthetase, which is normally the first and 

rate-controlling enzyme of heme biosynthe-

sis. A decreased activity in the hepatic 
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conversion of PBG to porphyrins in a patient 

with acute intermittent porphyria has recently 

been noted. This suggests a partial block in 

heme biosynthesis in this case that may relate 

to the observed induction of hepatic ALA 

synthetase, the end-product heme having 

been shown to repress the synthetase produc-

tion both in vitro and in vivo. These consider-

ations induced us to study the effect of hem-

atin on the induction of the synthetase in a pa-

tient experiencing a devastating attack of 

acute intermittent porphyria, after numerous 

other modes of therapy had failed(300).” 

From the previous relevant literature regard-

ing the clinical, in vitro, and in vivo findings 

cited in the previous quotation: 

“The enzymes 6-aminolaevulic acid synthe-

tase and 6-aminolaevulic acid dehydrase are 

concerned in the early stages of tetrapyrrole 

formation; factors controlling their synthesis 

have been studied in cultures of Rhodopseu-

domonas spheroides growing exponentially. 

[…] 

Low concentrations of iron protoporphyrin 

(added as haemin) inhibited the synthesis of 

both ALA synthetase and dehydrase but sim-

ilar concentrations of protoporphyrin were 

ineffective(301).” 

“A method is described for the primary 

growth of chick embryo liver cells on cover 

slips in culture, and the factors of the culture 

medium are considered that affect the induc-

tion of porphyrin formation with certain 

chemicals. 

A method is described for following & ami-

nolevulinic acid synthetase (ALA synthetase) 

activity by the determination of porphyrin 

fluorescence developed in the cells on cover 

slips after induction with chemicals or drugs. 

[…] 

The chemicals and drugs which induce a por-

phyria in the chick embryo liver cells in cul-

ture may be separated into four classes: the 

barbiturates which contain three chemical 

groups that can individually induce; the col-

lidines which contain two chemical groups; 

the sex steroids; and a miscellaneous class. 

Evidence is presented that the control of ALA 

synthetase in the liver is by feedback repres-

sion in which heme may be the core-

pressor(302).” 

“Inhibition by heme occurs at the transla-

tional level: Studies with labeled leucine and 

orotic acid showed that hemin, at 5 μM, did 

not affect total protein or total RNA synthesis 

in chick embryo liver cells. These findings 

were reconfirmed with radioactive leucine 

and uridine. In addition, it was found that he-

min did not affect radioactive thymidine in-

corporation, which suggested that DNA syn-

thesis was not affected. Our finding that he-

min did not stimulate ribonuclease activity 

also supported the idea that hemin had no ef-

fect on non-specific RNA degradation. 

The addition of hemin to isolated mitochon-

dria from induced cells does not directly af-

fect the activity of ALA-synthetase except at 

concentrations that are, physiologically, ab-

normally high. 

When hemin was added to the liver cells in 

culture, together with acetoxy-cyclo-

heximide, the rate of decay of ALA-synthe-

tase was 3 hr, i.e., the same as the control rate 

without hemin, which indicated that hemin 

did not affect the rate of decay of the enzyme. 

An inhibitory effect of hemin on the synthesis 

of ALA-synthetase was reported in chick em-

bryo liver cells (Ki 3 μM) and confirmed in 

whole animal studies by Hayashi et al. and by 

Marver. In the present experiments it was 

possible to demonstrate that the inhibitory ef-

fect is at the translational level. The cells in 

culture were first pretreated with AIA for 14 

hr to increase the level of ALA-synthetase. 

The medium was then changed twice to re-

move AIA and replaced with fresh medium 

to which actinomycin D and hemin were 

added. It was determined that the average 
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apparent half-life of ALA-synthetase had de-

creased to 3.6 hr, as compared with 5.2 hr 

with actinomycin D alone. 

These results suggested that hemin inhibited 

the synthesis of ALA-synthetase at the trans-

lational, rather than at the transcriptional 

level as had been previously hypothesized. 

Hemin might inhibit by competing with an 

inducing chemical for a special site, or act at 

some other site. On the other hand, hemin 

might cause a decrease in the lifetime of 

mRNA for ALA-synthetase. The latter idea is 

disfavored because, as noted above,  hemin 

did not stimulate an increase in ribonuclease 

activity(303).” 

“In the genetic disease acute intermittent por-

phyria a marked increase in the level of he-

patic ALA synthetase has been demonstrated 

as the explanation for the increased porphyrin 

precursor excretion seen in this disease. 

In microorganisms (R. spheroides) data have 

been presented which suggest control of 

ALA synthetase by means of both end prod-

uct (heme) inhibition and repression (Las-

celles, 1960). However, it is doubtful that 

heme is a physiologically significant inhibi-

tor  the enzyme in vivo in liver. Granick 

found no inhibition of ALA synthetase by 

heme added to liver mitochondria at concen-

trations of 2.5 x 10-5 M (Granick, 1966) and 

Marver et al., found no inhibition of the solu-

bilized enzyme from rat liver until the heme 

concentration reached 5 x 10-4 M (Marver et 

al., unpublished). That heme is involved in 

the repression of hepatic ALA synthetase, 

however, is evidenced by its inhibition of in-

duction of the enzyme in cultured chick em-

bryo liver cells at concentrations of about 2.5 

x 10-6 M (Granick, 1966). Further in vivo ev-

idence of the role of heme in repression of he-

patic ALA synthetase is the fact that admin-

istration of tryptophane to rats is followed by 

induction of hepatic ALA synthetase. […] 

The present studies demonstrate directly in 

vivo a role of heme in the repression of 

hepatic ALA synthetase as well as a series of 

oscillations of the hepatic enzyme which fol-

low a single intravenous injection of 

heme(304).” 

TIOCONAZOLE 

1983 

Analogue of miconazole 

ACETOHYDROXAMIC ACID 

1983 

Analogue of the endogenous compound, urea 

“Acetohydroxamic acid (also known as AHA 

or by the trade name Lithostat) is a synthetic 

drug derived from hydroxylamine and ethyl 

acetate, is similar in structure to urea. In the 

urine, it acts as an antagonist of the bacterial 

enzyme urease. Acetohydroxamic acid is 

used to lower the level of ammonia in the 

urine, which may help with some types of uri-

nary infections. Acetohydroxamic Acid has 

no direct antimicrobial action and does not 

acidify urine directly. It is used, in addition to 

antibiotics or medical procedures, to treat 

chronic urea-splitting urinary infections. In 

1983 the US Food and Drug Administration 

approved acetohydroxamic acid (AHA) as an 

orphan drug for ‘prevention of so-called 
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struvite stones’ under the newly enacted Or-

phan Drug Act of 1983(1).” 

CEFUROXIME 

1983 

Analogue of cefalexin(21)  

CYCLOSPORINE 

1983 

Cyclosporin is the main metabolite of the 

fungus Tolypocladium inflatum. 

From the discoverer(s): 

“Since the beginning of the antibiotic screen-

ing program in 1958, it was usual for Sandoz 

employees on business trips or vacation to 

take with them small plastic bags for collect-

ing soil samples. […] 

In Z.L. Kis’s laboratory, the metabolites were 

first purified from the original crude extracts 

on a micropreparative scale. Initially, we 

were able to isolate and characterize 80 mg of 

a mixture of cyclosporins as neutral, lipo-

philic peptides that were presumably cyclic, 

since no amino or carboxyl endgroups were 

detectable. The two components in the mix-

ture had a molecular weight greater than 700 

Daltons (the limit of mass spectroscopy in 

those days) and nuclear magnetic resonance 

suggested that the peptides contained several 

N-methylated amino acids. They possessed 

antifungal activity in vitro. The computer 

evaluation of these data showed that we were 

dealing with a mixture of a novel family of 

metabolites. Novel and active compounds 

merit further in vivo investigation. […] 

A few weeks later, the Viennese Group re-

ported the fungistatic activity of 24-556 in 

animals as restricted to a relatively narrow 

range of fungal strains. Our colleague there 

also commented on the low level of toxicity. 

[…] 

Though the antifungal activity did not seem 

adequate to warrant development at the time, 

this immediate disappointment was nothing 

new to us. But the mixture’s unusually low 

toxicity, and the knowledge that microbial 

metabolites often possess interesting pharma-

cologic activities other than the antibiotic ef-

fects for which they were originally selected, 

caused us to press on with further pharmaco-

logical screening. For many years it had been 

our practice at Sandoz to screen fungal prod-

ucts as broadly as possible, not only for anti-

microbial but also for cytostatic, antiviral, 

and immunosuppressive activity. The screen-

ing tests included a cell culture assay for in-

hibition of cell proliferation (cytostatic ef-

fects) and an in vitro model to detect agents 

able to neutralize cytotoxic T-cell activity 

(immunosuppression). In addition, a com-

bined in vivo test in mice was used to assess 

both the immunosuppressive and the anti-

cancer activity. This early chemotherapy 

screening program was eventually enlarged 

and integrated in 1970 into a general screen-

ing program in which some 50 pharmacolog-

ical parameters were evaluated. Thus, the 

metabolite mixture 24-556 entered this gen-

eral screening program in December 1971 

and was found to possess potent immunosup-

pressive properties. By the first half of 1973, 

a variety of experimental studies showed that 

24-556 suppressed both antibody- and cell-

mediated immunity. These interesting find-

ings justified the separation of the single 

components of the mixture 24-556(305).” 

ETOPOSIDE 

1983 

The antitumor potential of the Podophyllum 

extract had long been known(306) (refer to 

https://drugs.ncats.io/drug/O1R9FJ93ED
https://drugs.ncats.io/drug/83HN0GTJ6D
https://drugs.ncats.io/drug/6PLQ3CP4P3
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the podophyllotoxin entry), From the discov-

erer(s): 

“Careful fractionation of SP-G lots by sys-

tematic and extensive chromatographic pro-

cedures - guided by biological testing - first 

yielded the anomer of podophyllotoxin ben-

zylidene glucoside(307)” 

“In late 1964, after two years of endeavors to 

trace down the component responsible for the 

activity of SP-G in leukemia L-121O, another 

compound could be isolated (named benzyli-

dene lignan P) which turned out to not only 

greatly inhibit cell proliferation in vitro but 

also to produce a remarkable increase of sur-

vival time in leukemic mice at low doses. 

[…]  

With synthetic lignan P at our disposal it was 

possible to prepare numerous derivatives; 

first of all a large series of condensation prod-

ucts with carbonyl compounds. Most of the 

obtained cyclic acetals and ketals were active 

in mouse leukemia L-1210(307).” 

CLAVULANIC ACID 

1984 

From the discovery paper(308, 309): 

“We now wish to report the isolation of cer-

tain naturally-occurring substances which are 

potent β-lactamase inhibitors and which also 

possess antibacterial activity. These sub-

stances, [...] are produced by certain cultures 

of Streptomyces and were detected in fermen-

tation broths using the following test. Agar 

plates were prepared containing benzylpeni-

cillin at a concentration of 10 ug/ml and 

seeded with a strain of Klebsiella aerogenes 

NCTC 418 (ATCC 15380) which owes its 

penicillin resistance to the production of β-

lactamase. Broth samples for test were placed 

in holes cut in the agar and the plates incu-

bated overnight. Samples containing a diffus-

ible beta-lactamase inhibitor gave rise to 

zones of inhibition resulting from the protec-

tion of the penicillin present in the agar. In 

the absence of any β-lactamase inhibitor, bac-

terial growth occurred as a result of the inac-

tivation of the penicillin by the β-lactamase 

produced by the organism. MM 14151 is pro-

duced by Streptomyces clavuligerus ATCC 

27064 and has been given the trivial name 

clavulanic acid(310).” 

SUFENTANIL 

1984 

Analogue of morphine and fentanyl 

Also see the fentanyl entry and refer to Paul 

Janssen’s article cited there. 

NALTREXONE 

1984 

Analogue of morphine(21) 

GLYBURIDE 

1984 

Analogue of Carbutamide(21) 

Carbutamide, like tolbutamide, is an ana-

logue of the sulfonamide antibacterials 

whose glycemic effects where observed nu-

merously after the initiation of their prevalent 

use(129). See the tolbutamide entry. 

https://drugs.ncats.io/drug/23521W1S24
https://drugs.ncats.io/drug/AFE2YW0IIZ
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GLIPIZIDE 

1984 

Analogue of glyburide(21) 

CEFTRIAXONE 

1984 

Analogue of cefalexin(21) 

INAMRINONE 

1984 

“The positive inotropic activity of amrinone 

was first demonstrated in isolated heart tis-

sues of several animal species including hu-

mans. In the isolated cat atria and papillary 

muscle, amrinone at concentrations of 3-100 

p,g/ml caused dose-dependent increases in 

papillary muscle-developed tension and its 

rate of development without significantly 

changing the total duration of the contractile 

cycle or the time to peak tension. Amrinone 

caused dose-dependent increases in right 

atrial-developed tension with minimal in-

creases in right atrial rate(311).” 

From two earliest reports of the discovering 

team(311): 

“The cardiotonic activity of a new, noncate-

chol, nonglycoside agent, amrinone, was in-

vestigated in vitro and in anesthestized and 

unanesthetized dogs(312).” 

“Amrinone, a 5-amino [3,4’-bipyridin-

6(1H)-one, is a non-glycoside and non-cate-

chol inotropic agent. Its activity has been 

demonstrated in experimental animals both 

orally and intravenously. This paper de-

scribes the in vitro efficacy of Amrinone on 

human atrial strips as compared with that of 

isolated cat left and right atria and papillary 

muscle. Human atria1 strips, obtained during 

heart surgery, and cat atria and papillary mus-

cle were incubated with increasing doses of 

A and its effect on contractile force and rate 

determined. Amrinone caused dose-related 

increases in contractile force and rate deter-

mined(313).” 

PIMOZIDE 

1984 

Analogue of chlorpromazine 

PENTAMIDINE 

1984 

In 1929 it was shown for the first time that 

pathogenic trypanosomes use enormous 

amounts of sugar for their metabolism; 

within 24 h they consume about twice their 

https://drugs.ncats.io/drug/X7WDT95N5C
https://drugs.ncats.io/drug/75J73V1629
https://drugs.ncats.io/drug/JUT23379TN
https://drugs.ncats.io/drug/1HIZ4DL86F
https://drugs.ncats.io/drug/673LC5J4LQ
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own mass of sugar. In 1935, this knowledge 

prompted the American bacteriologist Hil-

drus Poindexter to treat animals infected 

with Trypanosoma equiperdum, a trypano-

some that causes Dourine or covering disease 

in horses, with insulin to reduce their blood 

glucose levels. He discovered that trypano-

some-infected animals subjected to insulin 

treatment survived longer and with fewer 

parasites in the blood compared to controls. 

In the same year, von Jancsó and von Jancsó 

and Schern and Artagaveytia-Allende inde-

pendently found that the hypoglycaemic drug 

synthalin had trypanocidal action in mice and 

rats. In 1937, Yorke and Lourie at the Liver-

pool School of Tropical Medicine discovered 

that the anti-trypanosomal effect of synthalin 

had nothing to do with lowering the blood 

glucose level in the infected animals but that 

synthalin itself was trypanocidal. When Har-

old King at the National Institute of Medical 

Research in London learnt about the trypano-

cidal action of synthalin, he synthesised and 

tested related compounds and found that dia-

midino-1,11-n-undecane was particularly ac-

tive against T. b. rhodeseinse in mice. Mean-

while, the English chemist Arthur James 

Ewins of the pharmaceutical company May 

and Baker prepared a large number of aro-

matic diamidines in which the polar amidine 

groups were separated by two phenyl groups 

rather than by a polymethylene group. Many 

of these compounds displayed trypanocidal 

activity, especially stilbamidine and pentam-

idine. Both compounds were also highly ef-

fective against human trypanosomiasis. 

Whereas stilbamidine was later abandoned, 

because it caused serious neurological effects 

in some patients, pentamidine is still used for 

treatment of the first stage of T. b. gambi-

ense sleeping sickness. Pentamidine is also 

used in the treatment of leishmaniasis 

and Pneumocystis jirovecii pneumonia, 

mostly in AIDS patients(314).” 

From the discoverer(s): 

“In the first place a series of homologues of 

synthalin was prepared and tested. It will be 

observed that the trypanocidal action in vitro 

rises as the number of methylene groups in 

the alkylene chain increases, until, when 

these number 10 to 14, the action in vitro is 

comparable with that shown by the aromatic 

trivalent arsenicals-e.g., Halarsol. With 

lengthening of the alkylene chain there is also 

an increase in toxicity for mice, but this in-

crease is not strictly parallel with that of the 

trypanocidal activity; thus the decamethylene 

member (synthalin) is 256 times as trypano-

cidal as the tetra-methylene compound, but 

its toxicity for mice is only 16 to 32 times as 

great as that of the tetramethylene compound. 

The therapeutic effect in infected mice is seen 

to be dependent upon these two factors. With 

the lower members of the series, which ex-

hibit a relatively low trypanocidal power in 

vitro, there is no appreciable therapeutic ef-

fect; this first becomes manifest with the oc-

tamethylene member, maximum tolerated 

doses of which clear the blood of infected 

mice for a number of days. With the 10- to 

14- methylene members the therapeutic ac-

tion is considerable; for example, in the case 

of synthalin 0.05 mg. per 20 g. mouse (about 

a third of the maximum tolerated dose) suf-

ficed to make the blood negative for 5 or 6 

days; and permanent cures were occasionally 

obtained with the maximum tolerated doses, 

and also with repeated smaller doses(315).” 

“In previous papers the results are recorded 

of the examination for trypanocidal activity 

of a considerable number of guanidines, 

isothioureas, amidines and amines with alkyl 

and alkylene chains. 

It was found that some of these compounds 

exhibited a powerful trypanocidal action in 

vitro and that with certain of them, notably n. 

undecane-1: 11-diamidine, it is possible to 

produce permanent cures in approximately 

100 per cent. of mice and rabbits infected 

with our laboratory strain of T. 

rhodesiense(316).” 
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Interestingly, Yorke, Adams, and Mur-

gatroyd had previously, in 1929, reported a 

method they had developed for 24-hour 

maintenance of trypanosomes in order to test 

the trypanocidal activity of different chemi-

cals in vitro(317). 

ACEBUTOLOL 

1984 

Analogue of propranolol(253) 

LABETALOL 

1984 

Analogue of propranolol 

“Labetalol (AH5158) [5-(1-hydroxy-2)1-me-

thyl-3-phenylpropyl (amino)-ethyl(salic-

ylamide)] was the first of a new class of anti-

hypertensive agents with both α- and β-adre-

noceptor blocking properties (Farmer et al., 

1972)(318)” 

The following quotations in this entry are 

from a few papers of the discoverer(s): 

The structure of labetalol is based on AH 

3474 whose mix alpha and beta blocking ac-

tivity had previously been investigated by the 

team: 

“This paper describes the properties of AH 

5158, 5- salicylamide, a drug which differs 

from currently available adrenoceptor block-

ing drugs in blocking both α- and β-adreno-

ceptors. AH 5158 is related chemically to the 

previously reported β-adrenoceptor blocking 

drug, AH 3474, 5-(2-t-butylamino-1-hydrox-

yethyl) salicylamide (Blackburn, Byrne, Cul-

lum, Farmer & Levy, 1969)(319).” 

No reports explicitly outlining the process 

leading to the discovery could be found, yet 

the earliest paper reporting the effects of AH 

5158, only comprises in vivo or isolated tis-

sue bioassays: 

“AH 3474 is a specific β-adrenoreceptor an-

tagonist, devoid of stimulant activity. When 

given by mouth to conscious guinea-pigs and 

dogs, AH3474 and propranolol are equiactive 

in antagonizing isoprenaline-induced tachy-

cardia. In anaesthetized animals AH 3474 

was 2-4 times less active than propranolol 

when given intravenously. A similar potency 

ratio was found in volunteer studies in which 

the drug was taken orally. On isolated tissues 

AH 3474 was much less active than propran-

olol. AH 3474 had 1/l0th the activity of pro-

pranolol in blocking the inhibitory action of 

isoprenaline on the rat uterus and was at least 

100 times less active in antagonizing the 

tachycardia induced by adrenaline on the 

guinea-pig atria. In vitro, equilibrium condi-

tions for AH 3474 were obtained in 15 min, 

whereas 45 min were required for proprano-

lol. AH 3474 antagonized the cardiac ar-

rhythmias induced by ouabain in the anaes-

thetized dog. The amount required far ex-

ceeded the β-adrenoreceptor blocking dose. 

AH 3474 possessed no ‘quinidine-like’ ac-

tions on cardiac muscle of dog or guinea-

pig(320).” 

IOHEXOL 

1985 

Contrast agent 

IOPAMIDOL 

https://drugs.ncats.io/drug/67P356D8GH
https://drugs.ncats.io/drug/R5H8897N95
https://drugs.ncats.io/drug/4419T9MX03
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1985 

Contrast agent 

NABILONE 

1985 

“The cannabis plant has been used for several 

centuries for a number of therapeutic applica-

tions, including the attenuation of nausea and 

vomiting. Ineffective treatment of chemo-

therapy-induced nausea and vomiting 

prompted oncologists to investigate the anti-

emetic properties of cannabinoids in the late 

1970s and early 1980s, before the discovery 

of the 5-HT3 antagonists. The first canna-

binoid agonist, nabilone (Cesamet), which is 

a synthetic analogue of Δ9-THC was specifi-

cally licensed for the suppression of nausea 

and vomiting produced by chemother-

apy(321).” 

“Healers identified marijuana’s antiemetic 

and appetite-enhancing effects at least by the 

1500s(322).” 

“[c]ancer patients undergoing chemotherapy 

experience several disconcerting and un-

pleasant side effects of treatment such as 

vomiting and nausea. By chance, one such 

patient happened to use marihuana after re-

ceiving chemotherapy and he found that the 

vomiting he usually experienced was allevi-

ated. He reported this effect to his doctors, 

and subsequent testing at the Harvard Medi-

cal School proved so satisfactory that mari-

huana has become a routine adjunct to cancer 

chemotherapy at some hospitals(323).” 

From the discovery paper cited in the previ-

ous quotation: 

“Anecdotal accounts from patients suggested 

that smoking marihuana before receiving in-

travenous anti-tumor drugs resulted in dimi-

nution of nausea and vomiting, and, in con-

tradistinction to the usual post-therapeutic 

anorexia, some were able to take food shortly 

after  therapy(324).” 

DRONABINOL 

1985 

An active ingredient of cannabis 

See the nabilone entry. 

MIDAZOLAM 

1985 

Analogue of chlordiazepoxide(21) 

CEFOTETAN 

1985 

Analogue of cefalexin 

CEFTAZIDIME  

1985 

Analogue of cefalexin(21) 

TRIENTINE 

1985 

https://drugs.ncats.io/drug/2N4O9L084N
https://drugs.ncats.io/drug/7J8897W37S
https://drugs.ncats.io/drug/R60L0SM5BC
https://drugs.ncats.io/drug/48SPP0PA9Q
https://drugs.ncats.io/drug/DZR1ENT301
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Copper-chelating agent 

BUPROPION MALEATE 

1985 

It was at first was investigated for cardiovas-

cular indications, yet, in general pharmacol-

ogy tests, it showed better potential for de-

pression in antidepressant animal tests. 

From the discoverer(s): 

“We therefore sought an agent that would be 

active  in antidepressant screening models, 

but differ chemically and pharmacologically 

from the tricyclics, and not be sympathomi-

metic, cholinolytic nor an inhibitor of mono-

amine oxidase. Bupropion (Wellbatrin) 

which was synthesized by one of the authors 

(N.B.M.) (Baltzly & Mehta, 1968; Mehta, 

1974, 1975) […]  

The pharmacological properties of bupropion 

have to date been reported only in abstract 

form (Soroko, Mehta & others, 1970) as has 

its clinical effectiveness  as an antidepressant 

in an open study by Fann, Schroeder & others 

(1974) and in a double-blind, placebo-con-

trolled study by Fabre, McLendon & Mallette 

(1977). A description of the pharmacology of 

the drug follows. Actions on cns. Bupropion 

in doses from 6.15-25 mg kg-1 (i.p.) produced 

a dose-dependent prevention of tetrabena-

zine-induced sedation in mice. 

It also prevented tetrabenazine-induced ble-

pharospasm and fall in rectal temperature, 

and it corrected the ‘hunched’ posture char-

acteristic of tetrabenazine action. The com-

pound was approximately half as potent by 

the oral route as by the intraperitoneal 

route(325).” 

From another paper of the discoverer(s) cited 

above in which the synthesis of bupropion 

was first reported: 

“Methoxamine [erythro-α- (2,5-dimethoxy-

phenyl) -β-aminopropanol] has been re-

garded pharmacologically as a pure a-adren-

ergic stimulant. Interest having been 

expressed as to the fashion in which this 

property would be altered by, e.g., S-isopro-

pyl substitution. A considerable number of 

such derivatives were prepared by reductive 

alkylation of methoxamine base in the pres-

ence of available aliphatic ketones, cycloal-

kanones, and aromatic aldehydes(326).” 

These synthesized compounds were investi-

gated for several potential activities such as 

antiarrhythmic activity, antihypertensive ac-

tivity, and their ability to lower blood sugar 

and lipids: 

“Some of these compounds exhibited the 

physiological properties of ‘β-blockers’ and 

antiarrhythmic agents. Several had a marked 

tendency to lower the blood levels of glucose 

and free fatty acids. In vivo N-sec-alkyl com-

pounds were found to be degraded metaboli-

cally to the parent methoxamine (among 

other products) but the N-t-alkyl system was 

stable as regards this degradation […] 

The compound first prepared, N-isopropyl-

meth-oxamine, was first regarded as a β-ad-

renergic blocker. Further investigation re-

vealed more com-plicated behavior and inter-

est centered on two properties. The first of 

these was the ability to restore normal sinus 

rhythm to hearts in which this had been dis-

turbed by a number of stimuli. […] 

The second physiological property of interest 

was a blocking of the hyperlipoidemia and 

hyperglycemia evoked by catechola-

mines(326).” 

From the relevant patent whose inventor is 

one of the members of the discovering team 

who was one of the authors of in both of the 

previous two articles cited in this entry 

(Nariman B. Mehta): 

“This is a division of application Ser. No. 

93,852, filed on Nov. 30, 1970, now U.S. Pat. 

No. 3,819,706. The present invention relates 

to o-alkylaminopropiophenones. It has been 

found that the two novel compounds repre-

sented by the general formula (I) and acid 

https://drugs.ncats.io/drug/26NV8NXO4A
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addition salts thereof, in which X is chlorine 

or fluorine, possess valuable properties as an-

tidepressants when tested by standard tech-

niques used in the art for determining antide-

pressant activity, for example the tetrabena-

zine-induced sedation test in rodents(327).” 

AMIODARONE 

1985 

Analogue of khellin 

Also see the nifedipine entry. 

“Although synthesized as a coronary dilator 

for use as an antianginal agent over 20 years 

ago, amiodarone hydrochloride has recently 

drawn much attention as a potent antiarrhyth-

mic compound for the control of a variety of 

cardiac dysrhythmias(328).” 

“Ammi visnaga is an annual or biennial plant 

of the Apiaceae family (aka Umbelliferae) 

mostly found in Mediterranean countries. 

The shrub is about one meter high with an 

umbelliform inflorescence. It is known in Ar-

abic as khella. Other notable names include 

Spanish carrot, Zahnstocherkraut, and 

khelale dendane or toothpick herb. Ammi vis-

naga is traditionally used for medical pur-

poses in the form of decoction of its dried 

seeds or tincture of its fruits. However, lim-

ited clinical evidence is available to support 

its use in traditional medicine. The majority 

of early experiments with A. visnaga came 

from Egypt, where it had been used in prac-

tice to treat urinary stones. Egyptian clini-

cians such as Dr Ibrahim, the dean of the 

medical school at the University of Egypt in 

1933, had many years of clinical experience 

with khella—known to the public as bisrel-

khelle. Back in 1879, Mostapha et al. investi-

gated the chemistry of khella and isolated an 

impure crystalline substance. At a later date, 

Samaan et al. extracted six distinct crystalline 

principles from A. visnaga. He stated that 

among these, visammin is the most active 

compound. In subsequent papers, visammin 

was called khellin. Limited animal and hu-

man studies confirmed its muscle relaxant ac-

tivity on all smooth muscles in addition to a 

mild diuretic effect. Further attempts on iso-

lation and purification of khellin were con-

ducted by Fantland Salim (1930) and Ma-

lik(1932). 

By the 1940s, khellin attracted attention for 

its effects on the cardiovascular system. 

Anrep et al. examined the substance as a cor-

onary vasodilator in the treatment of angina 

and compared it with other known anti-angi-

nal agents such as nitrates. Khellin’s main ad-

vantage over other drugs was its selectivity 

for coronary arteries. Therefore, it was 

thought to exert its effects without causing 

systemic vasodilation and therefore a drop in 

blood pressure. In the 1960s, the search for 

new anti-anginal agents, and in particular 

coronary vasodilators, led to the production 

of amiodarone. The Labaz group in Belgium 

(which was later acquired by Sanofi) synthe-

sized an array of agents based on the benzo-

furan portion of khellin, among which amio-

darone prevailed due to its potency and fewer 

adverse effects. A reference to amiodarone’s 

anti-arrhythmic action in animals was made 

in 1969(329).” 

“Preliminary clinical trials with benzioda-

rone promptly revealed its proclivity to in-

duce jaundice and hepatotoxicity in man. It 

was soon superseded by amiodarone, a more 

potent coronary vasodilator. In a series of 

comprehensive pharmacologic studies Char-

lier et al in a variety of isolated tissue prepa-

rations and in intact conscious dogs clearly 

demonstrated somewhat unusual properties 

of the compound(330).” 

https://drugs.ncats.io/drug/N3RQ532IUT
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RIBAVIRIN 

1985 

From the discovery paper(331): 

“The first synthetic broad-spectrum, nonin-

terferon-inducing, antiviral agent 1-β-D-ribo-

furanosyl- 1,2,4-tri- azole-3-carboxamide (1) 

has been prepared and tested against a variety 

of both RNA and DNA viruses in tissue cul-

ture. […]  

Reproducible broad-spectrum antiviral activ-

ity both in vitro and in vivo at nontoxic dos-

age levels is shown by 1. […]  

In searching for a broad-spectrum antiviral 

agent an effort was made to concentrate on 

the synthesis of compounds which have the 

potential to affect enzymatic processes which 

are common to all known viruses such as vi-

ral-induced nucleic acid and protein synthe-

sis. These processes are carried out by en-

zymes specifically coded for in the viral ge-

nome. Another common feature of all viruses 

is their lack of protein-synthesizing capabil-

ity. It is conceivable that initiation of virus-

specific protein synthesis and/or RNA syn-

thesis may utilize unique viral enzymes 

which could be specifically inhibited. Several 

nucleosides such as 5-iodo-2’-deoxyuridine 

and 1-β-D-arabinofuranosylcytosine have 

been used with limited success against herpes 

virus infection in man. One of the more po-

tentially clinically useful agents, 9-β-D-arab-

ino-furanosyladenine, possesses marked anti-

viral activity in vitro and in vivo against her-

pes and vaccinia viruses. More recently the 

ribofuranosyl nucleoside antibiotic pyrazo-

mycin, 3-β-D-ribofuranosyl-4-hydroxypyra-

zole-5-carboxamide (2), has been shown to 

have antiviral activity against rhinovirus, 

measles, herpes simplex, and vaccinia viruses 

in tissue culture. Apparently inhibition of vi-

ral replication in vivo and toxicity to the host 

could be only partially separated in studies of 

2. Another ribonucleoside antibiotic, 

formycin, has also demonstrated in vitro 

antiviral activity. These considerations led us 

to concentrate on the synthesis of a substan-

tial number of β-D-ribo-furanosyl derivatives 

as potential wide-spectrum antiviral 

agents(332).” 

These analogues were then investigated in 

tissue cultures infected with adenovirus, her-

pes, virus type 1 and type 2, vaccinia virus, 

myxoma virus, parainfluenza virus, rhinovi-

rus, Coxsackie virus, influenza A2 virus, and 

influenza B virus. 

BUTOCONAZOLE 

1985 

Analogue of miconazole 

SULCONAZOLE 

1985 

Analogue of miconazole 

LEVOCARNITINE 

1985 

“Levocarnetine also known as L-carnitine is 

a naturally occurring substance required in 

mammalian energy metabolism that func-

tions by facilitating long-chain fatty acid en-

try into cellular mitochondria, thereby 

https://drugs.ncats.io/drug/49717AWG6K
https://drugs.ncats.io/drug/0Q771797PH
https://drugs.ncats.io/drug/5D9HAA5Q5S
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delivering substrate for oxidation and subse-

quent energy production. Levocarnetine was 

approved by FDA for the treatment of car-

netine deficiency(1).” 

QUAZEPAM 

1985 

Analogue of chlordiazepoxide(21) 

IMIPENEM  

1985 

“Thienamycin, a β-lactam antibiotic with the 

unique structure shown in Fig. 1 was discov-

ered in the course of screening soil microor-

ganisms for production of inhibitors of pepti-

doglycan synthesis in Gram-positive and 

Gram-negative bacteria(333).” 

“Although thienamycin possesses high po-

tency against an unusually broad spectrum of 

bacteria, its further development was pre-

vented by the instability it exhibited in con-

centrated solutions and in the solid state. As 

the concentration of thienamycin is in-

creased, reaction of the side chain amine with 

the beta-lactam of a second molecule to form 

inactive dimer is accelerated. An extensive 

chemical derivatization program was under-

taken to stabilize the molecule. A series of 

amidine derivatives was prepared. The best 

of the amidines was crystalline N-

formimidoyl thienamycin (MK0787), which 

was subsequently assigned the generic name 

imipenem(334).” 

From the paper cited in the previous quota-

tion as the first paper reporting imipenem: 

“Thienamycin is a recently discovered β-

lactam anti- biotic of unique structure and ex-

ceptional breadth of antibacterial activity. Of 

particular interest is its exceptional potency 

against Pseudomonas spp. and its β-lac-

tamase stability. The novel carbapenem nu-

cleus and amino-ethylthio side chain of 

thienamycin, however, contribute to its 

chemical instability. […]  

It has been postulated that the concentration-

dependent instability of thienamycin is due to 

the intermolecular aminolysis of the azet-

idinone by the cysteamine side chain. Deri-

vatization of the amino group of thienamycin 

to a less nucleophilic species seems an attrac-

tive route to more stable thienamycin ana-

logues. Since the naturally occurring N-ace-

tyl derivative has greatly diminished an-

tipseudomonal activity, retention of antipseu-

domonal activity appeared to require a basic 

functionality. It was therefore considered 

likely that conversion of the amine to a 

stronger base would, by virtue of its existence 

to a greater extent in a protonated form, result 

in a compound with increased stability in 

concentrated solution as well as high an-

tipseudomonal activity. We also hoped to ob-

tain a crystalline derivative which would fa-

cilitate purification. We now report that the 

N-acetimidoyl and particularly the N-

formimidoyl derivatives fulfilled these ex-

pectations. […]  

Preliminary studies showed the amorphous 

amidines to be five to ten times more stable 

at high concentration than a thienamycin 

sample of equivalent purity and represents a 

rough approximation of the effect of the 

chemical modification. […] 

Furthermore, these amidines retain the anti-

bacterial spectrum of thienamycin and ex-

hibit enhanced activity against Pseudomonas 

aeruginosa. Extensive evaluations of in vitro 

antibacterial activity have shown a two- to 

fourfold increased potency against these spe-

cies. Because of its improved stability and 

enhanced antipseudomonal activity, N-

https://drugs.ncats.io/drug/JF8V0828ZI
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formimidoylthienamycin has been selected 

for clinical studies(335).” 

AURANOFIN 

1985 

“The observation by Robert Koch that gold 

cyanide was bactericidal to tubercle bacilli in 

vitro, led European investigators, over the 

next 40 yr, to experiment with the use of gold 

complexes in the treatment of human and bo-

vine tuberculosis. The serendipitous assump-

tion by Dr Jacques Forestier that rheumatoid 

disease was an infectious disease analogous 

to tuberculosis led him to use gold thiopropa-

nol sodium sulphonate on 15 patients with in-

flammatory rheumatoid disease. The success 

of this initial experiment was the seed which 

steered researchers over the next 50 yr to in-

vestigate both the beneficial and the toxic ef-

fects of anti-arthritic gold complexes. It is 

important to note that although Forestier’s 

hypothesis was based on a so-called errone-

ous assumption, his observations of the histo-

logical similarity of ‘reactive’ rheumatoid 

synovium and tuberculous nodules are now 

known to bear more similarity to scientific 

truth than to fiction(336).” 

CLOBETASOL 

1985 

Analogue of cortisone(21) 

CILASTATIN 

1985 

Secondary 

ENALAPRILAT  

1985 

Analogue of captopril(21) 

BETAXOLOL 

1985 

Analogue of propranolol(253) 

LEVOBUNOLOL 

1985 

Analogue of propranolol(253) 

LEUPROLIDE 

1985 

Analogue of the endogenous Gonadotropin 

Releasing Hormone (GnRH)(21) 

Discovery of GnRH: 

https://drugs.ncats.io/drug/3H04W2810V
https://drugs.ncats.io/drug/ADN79D536H
https://drugs.ncats.io/drug/141A6AMN38
https://drugs.ncats.io/drug/Q508Q118JM
https://drugs.ncats.io/drug/O0ZR1R6RZ2
https://drugs.ncats.io/drug/G6317AOI7K
https://drugs.ncats.io/drug/EFY6W0M8TG
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“The hypothalamus controls the release of lu-

teinizing hormone (LH) and follicle-stimulat-

ing hormone (FSH). The work of various in-

vestigators clearly demonstrated that there 

are, in hypothalamic extracts of animals, in-

cluding man, substances, or one substance, 

capable of stimulating release of LH and FSH 

from the pituitary. 

Much evidence also exists that sex steroids 

are involved in this regulation. Initially, it 

was thought that two different substances 

designated luteinizing hormone-releasing 

hormone (LH-RH) and follicle-stimulating 

hormone-releasing hormone (FSH-RH) were 

responsible for stimulating release of LH and 

FSH, respectively. However, it became nec-

essary to question this belief when porcine 

LH-RH, obtained in a high state of purity, 

stimulated release of both LH and FSH in 

rats, chimpanzees, and human beings. Fur-

thermore, after the addition of purified por-

cine LH-RH to an incubation system in vitro 

in which pituitaries of male rats were used, 

LH and FSH were released simultaneously 

with superimposable time courses. Stimula-

tion of LH release by this material was also 

unequivocally established in sheep and rab-

bits, but because of the unavailability of spe-

cific radioimmunoassays, it was difficult to 

test for the effect on FSH secretion in these 

two species(337).” 

From an early paper regarding the discovery 

of LH-releasing activity of GnRH: 

“Release of luteinizing hormone (LH) from 

the pituitary appears to be under hypotha-

lamic neurohumoral control. Since convinc-

ing evidence is now available indicating that 

a corticotrophin-releasing factor and vaso-

pressin can release adrenocorticotrophin 

from the pituitary, it seems of interest to ex-

amine hypothalamic and median eminence 

extracts to determine if a substance originat-

ing in these structures may regulate release of 

LH. Ovarian ascorbic acid depletion 

(OAAD) from heavily luteinized ovaries of 

suitably prepared immature rats has been 

shown by Parlow to be an extremely sensitive 

and specific assay for LH, a finding that we 

have confirmed. In the present study this as-

say has been used to assess LH-releasing ac-

tivity of hypothalamic extracts. […] 

The results indicate that unilateral ovariec-

tomy alone failed to elicit a significant 

OAAD. When an extract prepared from the 

SME region of 2 hypox. or normal rats was 

injected into each assay rat, a highly signifi-

cant OAAD resulted. On the contrary, an ex-

tract of rat cerebral cortex equivalent in wet 

weight to that from SME failed to elicit a sig-

nificant OAAD(338).” 

From the discovery paper of the effect of 

GnRH analogues on tumors: 

“With the discovery of the structure of 

gonadoliberin [gonadotropin-releasing factor 

or luteinizing hormone/follicle stimulating 

hormone-releasing-hormone], the decapep-

tide gonadotropin-releasing hormone, a num-

ber of synthetic analogs were found to have 

luteinizing hormone/follicle stimulating hor-

mone-releasing activities several times that 

of the natural hormone. Further studies indi-

cated that at higher doses, some of the ana-

logs, especially those with a D-amino acid 

substituted in position 6, show antagonist 

properties. In particular the Abbott com-

pound A-43818, (D-leucyl6, desglycyl-NH10, 

prolyl-ethylamide9)go nadoliberin, has been 

shown to be 50 to 80 times as potent as the 

natural hormone in causing ovulation in the 
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diestrus rat, whereas large doses of A-43818 

inhibited the uterotropic and ovariogenic ef-

fects of human chorionic gonadotropin. 

Chronic administration of large doses of A-

43818 to immature rats inhibited ovarian and 

uterine growth, delayed vaginal opening, and 

prevented normal estrus cycles. In the mature 

animal, such treatment with A-43818 ef-

fected cessation of cycling and atropy of the 

ovaries and uterus, consistent with its antag-

onist role toward gonadoliberin and the con-

sequent decreased levels of circulating ovar-

ian steroids. Such results mimicking ovariec-

tomy would therefore be expected to effect 

regression of ovary-dependent mammary tu-

mors. 

In a preliminary study, a spontaneous mam-

mary tumor in an albino rat regressed on 

treatment with A-43818. When A-43818 ad-

ministration was stopped, the tumor again 

grew; subsequent ovariectomy-induced tu-

mor regression showed the spontaneous tu-

mor to be hormone dependent. Therefore, 

this study was undertaken to test the ability of 

A-43818 at 2 dose levels to effect tumor re-

gression in the DMBA-induced breast cancer 

model. […] 

In the principal part of the study, A-43818-

treated, vehicle treated, and ovariectomized, 

tumor-beaming rats were observed during a 

6-week treatment period(339).” 

From a paper cited in the previous quotation 

regarding the effects of chronic administra-

tion of GnRH analogues: 

“We have reported that the analog [D-Leu6 

,des-Gly-NH2
10,Pro-ethylamide9]-gonadotro-

pin-releasing hormone (GnRH) (A-43818) 

(I) is 3 to 5 times as active as the natural hor-

mone, GnRH, in the release of luteinizing 

hormone (LH) and follicle-stimulating hor-

mone (FSH) from rat pituitaries in vitro. In 

the same paper we reported that I is 50 to 80 

times more potent that GnRH in causing ov-

ulation in the diestrous rat. Subsequently we 

extended the evaluation of the strong 

gonadotropin-releasing and ovulation-induc-

ing activities of I to the rabbit and the sheep. 

Meanwhile Vilchez-Martinez et al. have re-

ported that I is 54 and 14.5 times more active 

than GnRH in its releasing activity for LH 

and FSH, respectively, in the immature male 

rat. 

Recent work in our laboratory has shown that 

large doses of I inhibit the uterotropic and 

ovariogenic effects of human chorionic gon-

adotropin in the 21-day-old rat, suggesting 

that reversal of the well-documented ovula-

tory effects of I occurs when it is given at 

higher dose levels. 

The studies reported here were designed to 

determine the specific effects of chronic ad-

ministration of high doses of the highly po-

tent releaser of gonadotropins on the matura-

tion and maintenance of reproductive func-

tion in the female rat(340).” 

Investigated phenotypes(340): 

• Immature Animals 

✓ Delay of Vaginal Opening and Inhibi-

tion of Normal Cycling 

✓ Ovarian and Uterine Effects 

✓ Effect on Serum LH and FSH Levels 

✓ Effect on Body Weight 

• Mature Animals 

✓ Effects on Cycle and Reproductive Or-

gans 

✓ Effects of Interruption of Ovarian 

Function on Reproductive Performance 

PERMETHRIN 

1986 

Insecticide activity of natural pyrethrins had 

been known previously. Inspired by their 

structures, Elliot and his team synthesized 

various structures during several years and 

tested, analysed and compared the insecticide 

activity of these compounds in bioassays like 

https://drugs.ncats.io/drug/509F88P9SZ
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toxicity against Houseflies (Musca domestica 

L.), Mustard beetles (Phaedon cochleariae 

Fab.), and Drosophila melanogaster(341-

345). 

MEXILETINE 

1985 

Analogue of lidocaine 

FLECAINIDE 

1985 

Analogue of lidocaine 

AZTREONAM 

1986 

From the monobactams’ discovery pa-

per(346, 347): 

“In the long history of screening for antibiot-

ics, fungi and actinomycetes have been the 

only producers of β-lactam antibiotics alt-

hough several phytopathogenic bacteria have 

been reported to produce toxins with a β-lac-

tam structure. We report here the first evi-

dence that novel monocyclic β-Iactam antibi-

otics, sulfazecin and isosulfazecin, are pro-

duced by new species of Pseudomonas. 

Screening for β-lactam antibiotics was 

carried out using a selective and sensitive 

method involving Pseudomonas aeruginosa 

PsCss and Escherichia coli PG8 (lacking 

chromosomal β-lactamase and penicillin-

binding protein 1B. […] 

Several bacterial strains producing p -lactam 

antibiotics were isolated from soil, mostly us-

ing agar plates acidified to pH 4.5(348).” 

From another relevant early paper: 

“Antimicrobial activities of selected mono-

bactams are shown in Table 1. Although the 

compounds are weakly active against a range 

of bacteria, the methoxylated compound III 

shows greater activity against Gram-negative 

organisms, especially Pseudomonas, com-

pared with the non-methoxylated derivative 

IV. Compounds VII-XI showed similar anti-

microbial properties to those observed for 

compounds III and IV(349).” 

SULBACTAM 

1986 

Analogue of clavulanic acid 

FLURBIPROFEN 

1986 

Analogue of ibuprofen(21) 

https://drugs.ncats.io/drug/1U511HHV4Z
https://drugs.ncats.io/drug/K94FTS1806
https://drugs.ncats.io/drug/G2B4VE5GH8
https://drugs.ncats.io/drug/S4TF6I2330
https://drugs.ncats.io/drug/5GRO578KLP
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MISOPROSTOL 

1986 

Analogue of the endogenous prostaglandin 

E1(1) 

See the dinoprostone entry. 

From one of the discoverer(s) of misoprostol: 

“The discovery that naturally occurring pros-

taglandins of the E series inhibit gastric acid 

secretion was made in 1967 by Robert et al. 

Because of the prevailing theory of ‘no acid-

no ulcer,’ they became immediate candidates 

for ulcer therapy. Three critical drawbacks of 

the natural prostaglandins soon surfaced, 

however, which have thwarted the therapeu-

tic entry of the natural prostaglandins and 

whose circumvention has been the objective 

of many synthetic modification programs. 

These problems were (1) rapid metabolism 

manifested as a lack of oral activity and a 

short duration of action when given parenter-

ally, (2) incidence of numerous side effects, 

and (3) chemical instability. […] 

In the early 1970s we began a chemical pro-

gram to synthesize analogs of PGE, with the 

objective of improving its pharmacological 

profile. The specific goals of the program 

were oral activity, longer duration of action, 

and selectivity of biological action. Though 

mindful of the chemical stability problem, we 

did not fully appreciate its magnitude at the 

time and chose not to address it through 

chemical modification. 

The probable reason for the lack of oral 

activity of PGEl is the very rapid metabolic 

oxidation of the C-15 hydroxy group to the 

corresponding ketone. In fact, other investi-

gators achieved oral activity by blocking the 

oxidation of this hydroxy with placement of 

either a methyl group at C-15 or two methyl 

groups at C-16 (steric inhibition). The result-

ing compounds were potent, orally active, 

and long-acting inhibitors of gastric acid se-

cretion. Unfortunately, the selectivity of 

these compounds was not improved. […] 

[W]e decided to synthesize a derivative of 

PGEl in which the lower side chain hydroxy 

group is located at the adjacent C-16 position 

instead of at C-15. We were gratified to find 

that this analog possessed gastric antisecre-

tory potency equivalent to PGE1, yet the typ-

ical prostaglandin side effects such as rhinor-

rhea, emesis, and diarrhea were greatly di-

minished. However, this compound was only 

weakly active by oral administration, and its 

duration of action was quite short. […] 

In view of the dramatic increase in oral po-

tency and duration of action achieved by 

placement of a methyl group at C-15 in natu-

ral prostaglandins, we decided to add a me-

thyl group to carbon-16 of our synthetic 16-

hydroxy prostaglandin. This structural 

change produced misoprostol, which was ap-

proximately 35 times more active than the 

16-hydrogen compound by intravenous ad-

ministration, possessed good oral activity, 

and increased duration of action(350).” 

From the 1967 discovery pape of Robert et 

al. cited in the previous quotation: 

“PROSTAGLANDINS (PGs) are a group of 

long-chain, unsaturated, oxygenated fatty ac-

ids, first discovered in 1935 by Goldblatt and 

Von Euler in semen and seminal vesicles. 

Since then, these substances have been iden-

tified in several other tissues, including the 

gastrointestinal tract of the frog, the rat, the 

guinea pig, and the rabbit, s and have been 

found to stimulate smooth muscles (e.g., gas-

tric and intestinal strips) in vitro. These 

https://drugs.ncats.io/drug/0E43V0BB57
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findings suggest a possible role for PGs in 

gastrointestinal function. In this paper we re-

port the effect of four PGs on gastric secre-

tion in the dog. […] 

These two PGs inhibited gastric secretion 

(volume, acid, and pepsin outputs) stimulated 

by either food or histamine, and the response 

was dose dependent(351).” 

FAMOTIDINE 

1986 

Analogue of cimetidine(21) 

CEFIXIME 

1986 

Analogue of cefalexin(21) 

METHACHOLINE CHLORIDE 

1986 

Diagnostic 

SOMATROPIN 

1986 

Recombinant human growth hormone (soma-

totropin)(2) 

INTERFERON ALFA-2B 

1986 

Endogenous(352) 

“Type I interferons (IFNs) were discovered 

in 1957 by Isaacs and Lindenman who re-

ported that cells infected with an inactivated 

virus release a soluble factor exerting an an-

tiviral action. We now know that IFN is a key 

cytokine of the innate immune response 

which is produced upon recognition of many 

pathogens and damage-associated molecular 

patterns released by infected cells or dying 

cells(352).” 

From the discovery paper cited in the previ-

ous quotation: 

“During a study of the interference produced 

by heat-inactivated influenza virus with the 

growth of live virus in fragments of chick 

chorio-allantoic membrane it was found that 

following incubation of heated virus with 

membrane a new factor was released. This 

factor, recognized by its ability to induce in-

terference in fresh pieces of chorio-allantoic 

membrane, was called interferon. Following 

a lag phase interferon was first detected in the 

membranes after 3 h incubation and thereaf-

ter it was released into the surrounding 

fluid(353).” 

CHROMIC CATION 

1986 

IPRATROPIUM 

1986 

Analogue of methscopolamine(21) 

https://drugs.ncats.io/drug/5QZO15J2Z8
https://drugs.ncats.io/drug/0W5ETF9M2K
https://drugs.ncats.io/drug/NQX9KB6PCL
https://drugs.ncats.io/drug/43K1W2T1M6
https://drugs.ncats.io/drug/X1N4508KF1
https://drugs.ncats.io/drug/GR88G0I6UL
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BUSPIRONE 

1986 

“Buspirone is derived from the N-[(4-het-

eroaryl-1-piperazinyl)alkyl]-substituted im-

ide class of compounds which were devel-

oped in the early 1970s in the laboratories of 

Bristol-Myers(354). […] 

The focus of the early work in this chemical 

class was on the development of effective 

tranquilizers lacking the sedative or adrener-

gic side effects commonly associated with 

the phenothiazines. The hierarchical organi-

zation of biological screens was therefore 

structured to identify compounds that had a 

minimum of depressive side effects. The two 

principal biological assays employed were 

the conditioned avoidance response (CAR) 

test in rats and the antagonism of ampheta-

mine-induced aggregation stress in mice. The 

CAR was used to differentiate the tranquiliz-

ing activity of a compound from a less spe-

cific sedative-hypnotic effect. This differen-

tiation was achieved by determining the ratio 

of the ED50 values for the test compound in 

the unconditioned escape response (UER) 

versus the CAR. The larger the UER/CAR ra-

tio, the more selective was the psychoseda-

tive activity. The antagonism of ampheta-

mine-induced aggregation stress in rats was 

used to evaluate the compound’s potential for 

treating stressful conditions in humans. […]  

Usually the most potent activities in the CAR 

were achieved with a 4 carbon methylene 

chain linking the phenyl-piperazine group to 

the imide ring. This dominant effect was in-

dependent of the substitution pattern on the 

phenyl ring. Substituents located at meta or 

para positions on the phenyl ring generally 

reduced activity in the CAR, as seen in com-

pounds 7 and 8, which are positional isomers 

of compound 6. In contrast, ortho substitution 

in compounds 11-16 led to equipotent or su-

perior CAR activity relative to the parent 

structure 4. The o-OCH3 derivatized phenyl-

piperazine, 12, was the most potent analog of 

the series in both the CAR and the antago-

nism of amphetamine-induced aggregation 

stress(354).” 

From the discovery paper: 

“Biological Data. Screen for Tranquilizing 

Properties. We screened compounds for 

their tranquilizing effects by two primary 

tests: (1) suppression of conditioned avoid-

ance response (CAR) in rats, and (2) antago-

nism of amphetamine-aggregation stress in 

mice, as outlined in our previous pa-

per(355).” 

“Testing for Sedative Side Effects. Ideal 

tranquilizing agents should have as little de-

pressive side effects as possible. To deter-

mine their sedative side effects, we subjected 

the selected compounds (3, 6,8) to 3 different 

tests in mice: (1) spontaneous motor activity, 

(2) hexobarbital hypnosis potentiation, and 

(3) motor incoordination(355).” 

ESMOLOL 

1986 

Analogue of propranolol(253) 

KETOPROFEN SODIUM 

1986 

Analogue of ibuprofen(21) 

https://drugs.ncats.io/drug/TK65WKS8HL
https://drugs.ncats.io/drug/MDY902UXSR
https://drugs.ncats.io/drug/5R10M39KS7
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ALFENTANIL 

1986 

Analogue of morphine and fentanyl 

Also see the fentanyl entry and refer to Paul 

Janssen’s article cited there. 

TRANEXAMIC ACID 

1986 

From the discovery paper(356): 

“The very preliminary examination was first 

made, and the spontaneously activated fibri-

nolytic system obtained from human serum 

was used in order to know whether AMCHA 

might be promising for clinical application. 

The measurement of the inhibitory effect of 

AMCHA was made by admixing a certain 

amount of the active ingredients with the fi-

brinolytic system which contained active eu-

globulin, fibrinogen, thrombin and an ade-

quate amount of 1/20 M of phosphate buffer, 

and by measuring the time required for the 

complete dissolution of the formed fibrin 

clots incubated at 37°C(357).” 

GUANFACINE 

1986 

“The lignum vitæ or guaiacum wood of com-

merce is derived from Guaiácum officinale 

Linn., and G. sanctum Linn., family Zygo-

phyllaceæ, both evergreen trees, the former a 

native of the West Indian Islands and the 

north coast of South America, the latter of 

southern Florida and the Bahamas. Both oc-

cur in Cuba and Hayti, whence the wood is 

largely exported. The Spaniards became 

acquainted with the drug when conquered 

San Domingo; it was soon brought to Europe, 

where it acquired an immense reputation in 

the sixteenth century as a cure for syphilis 

and certain other diseases, the resin extracted 

from the trunk being introduced subse-

quently. […] 

Guaiacum has a local stimulant action which 

is sometimes useful in sore throat. The resin 

is used in sore throat. The resin is used in 

chronic gout and rheumatism, whilst the 

wood is an ingredient in the compound con-

centrated solution of sarsaparilla, which was 

formerly much used as an alternative in syph-

ilis(358).” 

APRACLONIDINE 

1987 

Analogue of clonidine 

CIPROFLOXACIN 

1987 

Analogue of nalidixic acid 

BECLOMETHASONE 

1987 

Analogue of cortisone(21) 

Error in similarity calculation by FTrees 

https://drugs.ncats.io/drug/1N74HM2BS7
https://drugs.ncats.io/drug/6T84R30KC1
https://drugs.ncats.io/drug/30OMY4G3MK
https://drugs.ncats.io/drug/843CEN85DI
https://drugs.ncats.io/drug/5E8K9I0O4U
https://drugs.ncats.io/drug/KGZ1SLC28Z
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TERCONAZOLE 

1987 

Analogue of miconazole 

ZIDOVUDINE 

1987 

Analogue of ribavirin 

“After the discovery of HIV in 1983, Bur-

roughs Wellcome began a screening pro-

gramme for compounds that would be effec-

tive against the virus. In November, 1984, zi-

dovudine, first synthesised in 1964, was 

found to inhibit the replication of animal ret-

roviruses in vitro. Predicting that the drug 

would be active against HIV, the company 

applied for a patent. Because the company’s 

facilities for handling HIV were still under 

construction, it contracted the US National 

Cancer Institute (NCI) to do further testing. 

Those tests were designed and directed by 

Burroughs Wellcome scientists, who wrote 

the protocols to be applied in the NCI labor-

atories. When those tests confirmed that zi-

dovudine was highly active against HIV-1 

Burroughs Wellcome began preclinical toxi-

cology and pharmacology testing, leading to 

clinical trials and approval of zidovudine by 

the US Food and Drug Administration in 

March, 1987(359).” 

“From the time Dr. George Hitchings began 

the research program at Wellcome Research 

Laboratories in 1942 to search for antagonists 

of nucleic acid bases, viruses were among the 

potential chemotherapeutic targets. A num-

ber of 5-substituted uracil derivatives and 

2,6-diamino-purine, which had been identi-

fied as inhibitors of bacterial nucleic acid 

synthesis in Lactobacillus casei, were found 

to also interfere in tissue culture with the mul-

tiplication of vaccinia virus […] 

Research on nucleosides at Wellcome was 

concentrated during the 1950s and 1960s on 

purine analogues in the search for new anti-

cancer drugs. The discovery of the antiviral 

activity of adenine arabinoside reawakened 

interest in searching for antiviral agents 

among the nucleosides. This initiative stimu-

lated a close collaboration between the Well-

come Research Laboratories in the United 

States and at Beckenham in the United King-

dom, where antiviral testing was conducted. 

The first successes came with the finding that 

2,6-diaminopurine arabinoside and guanine 

arabinoside had good activity against the her-

pes simplex viruses and vaccinia virus, in 

vivo as well as in vitro. There was, however, 

no firm commitment to pursuing the search 

for antiviral nucleosides at that time. […]  

Compound 22U81 was the threo-analogue 

with the 3’ -azido substituent above the plane 

of the sugar ring, and compound 509U81 

(later named zidovudine; also known as az-

idothymidine or AZT) was the erythro-ana-

logue with the 3-azido below the plane of the 

sugar ring where thymidine would have a hy-

droxyl group. Both compounds were synthe-

sized by published procedures and were 

tested at Wellcome Research Laboratories in 

the United States and the United Kingdom. 

Although zidovudine had initially been syn-

thesized by Dr. Jerome Horwitz and associ-

ates in 1964 at the Michigan Cancer 

https://drugs.ncats.io/drug/0KJ2VE664U
https://drugs.ncats.io/drug/4B9XT59T7S
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Foundation as a potential anticancer agent, 

studies with the compound were abandoned 

shortly thereafter because of a lack of activity 

against animal cancers. […]  

Both compounds were active in microbiolog-

ical screens, but the minimum inhibitory con-

centrations (MICs) obtained with bacterial 

strains sensitive to zidovudine were less than 

10- to greater than 100-fold lower than those 

obtained for 22U81. Extensive in vitro stud-

ies of zidovudine showed a limited spectrum 

of activity, with inhibition against a variety of 

gram-negative enteric bacteria, but the gram-

positive bacteria were naturally resistant. The 

MICs in vitro were in the range of 0.1-4 g/mL 

for Escherichia coli B, Salmonella typhi-

murium, Shigella flexneri, Klebsiella pneu-

moniae, and Enterobacter aerogenes, but 

gram-positive bacteria such as Streptococcus 

pyogenes and Pseudomonas aeruginosa, as 

well as anaerobic bacteria, mycobacteria, and 

various fungi, were not inhibited. […] 

In vivo, antibacterial studies with zidovudine 

at the US facilities and at Wellcome, 

Berkhamsted, in the United Kingdom 

demonstrated activity in experimental mod-

els. Mice were protected from life-threaten-

ing septicemic infections of Escherichia and 

acute ascending pyelonephritis. Veterinary 

models showed that calves were protected 

from fatal infections of Salmonella dublin. 

Other experimental models utilized chickens 

and weaning pigs. No toxicity to the com-

pound was noted during these short-term ex-

periments. 

Other Bioactivity Assessments 

Zidovudine, based upon its microbiological 

activity and lack of toxicity, was further as-

sessed. Inactivity against a wide variety of 

DNA and RNA viruses was demonstrated: 

herpes simplex virus types 1 and 2, varicella 

virus, adenovirus type 5, influenza A, respir-

atory syncytial virus, rhinovirus B, yellow fe-

ver virus, measles virus, coronavirus, and bo-

vine rotavirus. Zidovudine was also inactive 

against vaccina virus, vesicular stomatitis vi-

rus, and the murine leukemia, L1210, in vitro. 

Ultimately, tests showed it was inactive 

against human cytomegalovirus. Some activ-

ity is reported for zidovudine against Epstein-

Barr virus […] 

In October 1984, the newly discovered retro-

virus HIV, then termed HTLV III or LA V, 

was the subject of a series of seminars given 

at Wellcome Research Laboratories in the 

United States by Drs. Francoise Barre-Si-

noussi, Robert Gallo, and Samuel Broder. 

These discussions served as a catalyst to en-

sure Wellcome’s involvement in the discov-

ery and development of therapies for the new 

disease syndrome devastating thousands of 

patients, mainly in the prime of their lives. An 

early decision was to further develop a plaque 

reduction assay already in place since 1980 

for an animal retrovirus, which then would be 

used to screen potential anti-HIV com-

pounds. Friend leukemia virus (F-MuLV, a 

murine retrovirus), Harvey sarcoma virus 

(HaSV, another murine retrovirus), and FG-

10 (murine) cells were acquired from Kent 

Weinhold at Duke University. Since both F-

MuLV and HaSV form plaques in FG-10 

cells, the basis for the initial Wellcome assay 

was that if a compound inhibits the ability of 

the virus to grow, the number of plaques 

formed will be reduced. Once the murine 

plaque reduction assay was functioning, 

known antiviral com- pounds, such as Well-

come’s acyclovir, were screened. When no 

exciting activities were observed with these 

initial candidates, the focus shifted to the 

dideoxynucleoside group of compounds, 

such as dideoxycytosine, dideoxyadenosine, 

dideoxyguanosine, and dideoxythymidine. 

While activities in the 10-20 M range were 

demonstrated with these compounds in the 

assay, the Wellcome scientists were optimis-

tic that a compound could be identified with 

even greater anti-HIV activity. Wellcome’s 

senior organic chemists supplied 10-20 com-

pounds representative of their synthetic 
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expertise and established drug development 

programs for testing in the new plaque reduc-

tion assay. Among 12 such compounds fur-

nished on November 2, 1984, was zidovu-

dine. Not knowing what excitement would 

befall the laboratory, the compounds were 

analyzed at the next available opportunity. 

When counting the plaques from that assay, 

it became obvious that none of the 18 plates 

with zidovudine had plaques. None at 

all!(360)” 

TERAZOSIN 

1987 

Analogue of prazosin(21) 

AMLODIPINE 

1987 

Analogue of nifedipine(21) 

MOMETASONE 

1987 

Analogue of cortisone 

Error in similarity calculation by FTrees 

MESNA 

1987 

Secondary 

IFOSFAMIDE 

1987 

Analogue of cyclophosphamide 

MESALAMINE 

1987 

Analogue of salicylic acid 

MITOXANTRONE 

1987 

Analogue of doxorubicin(21) 

TERIPARATIDE 

1987 

Recombinant human parathyroid hormone 

(1-34) 

MUPIROCIN 

https://drugs.ncats.io/drug/8L5014XET7
https://drugs.ncats.io/drug/1J444QC288
https://drugs.ncats.io/drug/8HR4QJ6DW8
https://drugs.ncats.io/drug/NR7O1405Q9
https://drugs.ncats.io/drug/UM20QQM95Y
https://drugs.ncats.io/drug/4Q81I59GXC
https://drugs.ncats.io/drug/BZ114NVM5P
https://drugs.ncats.io/drug/10T9CSU89I
https://drugs.ncats.io/drug/D0GX863OA5
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1987 

“Early observations of the antimicrobial ac-

tivity exhibited by Pseudomonas fluorescens 

eventually led to the isolation and characteri-

sation of a novel family of structurally related 

antibiotics, pseudomonic acids A, B, C and 

D. Pseudomonic acid A which is now re-

ferred to as mupirocin is the major antibacte-

rial component of the group and is produced 

by submerged fermentation of P. fluo-

rescens(361).” 

“THE antagonistic effects of Pseudomonas 

fluorescens were first recorded by Garre in 

1887. Several reports since have dealt with 

the biological activity of cultures and extracts 

of P. fluorescens. We wish to report the pro-

duction and purification of these inhibitory 

substances and the characterization of a me-

tabolite responsible for a significant propor-

tion of the antibacterial activity. […] 

The mixture of sodium salts showed a wide 

antibacterial spectrum against Gram positive 

and Gram negative bacteria, showed low tox-

icity and was bacteriostatic against S. aureus 

(NCTC 6571) and E. coli (MRE 600)(362).” 

Discovery of nalidixic acid: 

“The first antimicrobial quinolone was dis-

covered about 50 years ago as an impurity in 

the chemical manufacture of a batch of the 

antimalarial agent chloroquine. It demon-

strated anti Gram-negative antibacterial ac-

tivity, but its potency and antimicrobial spec-

trum were not significant enough to be useful 

in therapy. Building on this lead, however, 

subsequently nalidixic acid was commercial-

ized(363).” 

From the discovery paper cited in the previ-

ous quotation: 

“As part of a general investigation of new an-

tibacterial agents, we have prepared a series 

of l-alkyl-l,8-naphthyridin-4-one-3-carbox-

ylic acid derivatives. Several members of the 

series were found to be highly effective 

antibacterial agents both in vitro and in vivo. 

The outstanding compound of this series is l-

ethyl-7-methyl-1,8-naphthyridin-4-one-3-

carboxylic acid. 

The antibacterial activity of nalidixic acid has 

been demonstrated against a variety of micro-

organisms causing disease in man and ani-

mals. 

The in vivo activity of the compound is most 

pronounced against Gram-negative bacteria, 

while Gram-positive organisms are generally 

more resistant. Chemotherapeutic studies of 

nalidixic acid in acute experimental infec-

tions of mice have shown a similar pattern of 

activity. Maximal activity was observed 

against systemic infections caused by E. coli, 

A. aerobacter, Proteus mirabilis, Shigella 

flexneri, Past. multocida and Salm. typhi-

murium. Under similar experimental condi-

tions, the compound exhibited no therapeutic 

effect in mice against lethal infections with 

Staph. aureus, Strep. pyogenes, D. pneu-

moniae and two strains of Brucella. In all in-

stances, therapeutic response was related to 

the dose, and no toxic side-effects were ob-

served upon single or multiple dose medica-

tions at dose levels ranging from 25 to 400 

mg./kg. The activity was evident upon both 

oral and parenteral administration, indicating 

absorption by both routes of medication. 

Other compounds in the series had a similar 

spectrum of activity, but required larger 

doses to obtain the same therapeutic ef-

fect(364).” 

“Eventually, nearly 30 years after Lesher’s 

initial work on the class, a brief description 

of the events leading up to the discovery of 

nalidixic acid was communicated. As stated 

by David Greenwood: ‘Details of the circum-

stances surrounding the discovery remained 

unclear until 1986 when George Lesher gave 

an account of the events at a symposium on 

quinolone agents in Chicago.’ A Sterling sci-

entist who had worked with George Lesher 

(although after the discovery of nalidixic 
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acid) wrote a tribute to Lesher after Lesher’s 

death in 1990 that contained the following 

description, taken from the 1986 symposium: 

‘As part of a study at Sterling in the late 

1950s aimed at the identification of by-prod-

ucts of the synthesis of the important antima-

larial drug chloroquine, he [Lesher] and his 

co-workers isolated and characterized 7-

chloro-1-ethyl-1,4-dihydro-4-oxo-3-quino-

linecarboxylic acid. This by-product was a 

regioisomer of the normal intermediate in the 

process, ethyl 7-chloro-1,4-dihydro-4-oxo-3-

quinolinecarboxylate. The by-product exhib-

ited modest in vitro antibacterial properties 

and served as the lead structure of the design 

and synthesis of additional analogs. Among 

those new derivatives was the 1,8-naphthy-

ridine analog nalidixic acid.’ 

This description, published in a book in 1993, 

is consistent with the 1962 Lesher footnote, 

inasmuch as both refer to the Sterling lead 

structure having a quinolone (rather than 

naphthyridone) core, now identified specifi-

cally as 7-chloro-1-ethyl-1,4-dihydro-4-oxo-

3-quinolinecarboxylic acid. Further, the 1986 

lecture by Lesher and the 1993 written ac-

count of that lecture for the first time identi-

fied the synthesis of the antimalarial chloro-

quine as the general source of that antibacte-

rial quinolone lead compound. Sterling Drug 

was actively involved with chloroquine syn-

thesis and manufacture during the 1940s and 

1950s, so the serendipitous detection of such 

a byproduct would not be surprising from a 

drug discovery perspective(365).” 

PHENYLACETIC ACID 

1987 

Endogenous(217) 

“A second compound which could be used to 

promote waste nitrogen excretion is phenyla-

cetic acid. In primates this substance acety-

lates glutamine to form phenylacetylgluta-

mine, which is rapidly excreted by the kid-

ney. Acetylation and excretion of glutamine 

rather than glycine has three advantages-(i) 

glutamine contains two nitrogen atoms per 

molecule, (ii) it accumulates in urea-cycle en-

zymopathies, and (iii) it is in equilibrium 

with glutamate, the nitrogen donor for urea 

synthesis. 

Shiple and Sherwin showed that phenyla-

cetylglutamine synthesis in man utilises ni-

trogen that otherwise would appear as urinary 

urea. Ambrose et al found that 98% of orally 

administered phenylacetic acid (5 to 7 

gm/day for 3 months in man) was excreted in 

the urine as phenylacetylglutamine. James 

gave 85 mg/kg of phenylacetic acid to a man 

and found that 91% of this dose was excreted 

in the urine as phenylacetylglutamine. 

No adverse effects were noted in either of 

these studies, but an earlier paper reported 

thirst, nausea, and dizziness after a single 

dose. This acetylation system is similar to 

that described for hippuric-acid synthesis, for 

it involves phenylacetic thiokinase and a glu-

tamine-specific transacetylase. 

We have given a 16-year-old girl with car-

bamyl-phosphate-synthetase deficiency 6-4 g 

phenylacetic acid for 7 days. Urinary nitro-

gen excretion rose 45%, all of which could be 

accounted for by an increase in phenylacetyl-

glutamine. No side-effects were noted(366).” 

MILRINONE 

1987 

Analogue of theophylline and caffeine(1) 

LISINOPRIL  

1987 

https://drugs.ncats.io/drug/ER5I1W795A
https://drugs.ncats.io/drug/JU9YAX04C7
https://drugs.ncats.io/drug/7Q3P4BS2FD
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Analogue of captopril(21) 

FLUOXETINE 

1987 

Analogue of imipramine and diphenhydra-

mine 

From the discoverer(s): 

“In 1970, Molloy (a medicinal chemist) and 

Rathbun (a pharmacologist) began their col-

laboration, which aimed to develop an agent 

that would retain the therapeutic activity of 

the TCAs, but which would be devoid of their 

undesirable effects on cardiac conduction as 

well as anticholinergic activity. They used a 

test scheme that involved the reversal of apo-

morphine-induced hypothermia in mice — a 

test in which the TCAs were active as antag-

onists. Diphenhydramine was known to en-

hance the pressor response to NA, and was 

observed by Carlsson and colleagues at the 

University of Goteborg in Sweden to inhibit 

monoamine uptake in addition to antagoniz-

ing histamine receptors. The inhibition of 

monoamine uptake implied a potential use-

fulness in treating depression. Molloy, along 

with colleagues Schmiegel and Hauser, syn-

thesized many analogues of the antihistamine 

drug diphenhydramine. Kattau, in the 

Rathbun laboratory, then tested the newly 

synthesized molecules for their capacity to 

reverse apomorphine-induced hypothermia 

in mice. LY86032, which is a phenoxy ana-

logue, was highly effective in antagonizing 

apomorphine hypothermia in mice. Analysis 

of the structure–activity relationship (SAR) 

led to the identification of a molecule, DL-N-

methyl-3-(o-methoxyphenoxy)-3-phe-

nylpropylamine HCl (later called nisoxetine 

hydrochloride; LY94939), which was as ef-

fective as the TCAs in reversing the apomor-

phine-induced hypothermia(367).” 

NIMODIPINE 

1988 

Analogue of nifedipine(21) 

GADOXETATE DISODIUM 

1988 

Contrast agent 

GADOBENATE DIMEGLUMINE 

1988 

Contrast agent 

GADOTERATE MEGLUMINE 

https://drugs.ncats.io/drug/01K63SUP8D
https://drugs.ncats.io/drug/57WA9QZ5WH
https://drugs.ncats.io/drug/HOY74VZE0M
https://drugs.ncats.io/drug/3Q6PPC19PO
https://drugs.ncats.io/drug/L0ND3981AG
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1988 

Contrast agent 

DICLOFENAC 

1988 

Analogue of indomethacin(21) 

NIZATIDINE 

1988 

Analogue of cimetidine(21) 

OXICONAZOLE 

1988 

Analogue of miconazole(21) 

GADOBUTROL 

1988 

Contrast agent 

NAFTIFINE 

1988 

“The discovery of the first representative of 

this new class of antifungal agents, naftifine, 

was basically accidental. In 1974, this com-

pound was obtained as the result of an unex-

pected chemical reaction during a program at 

Sandoz-Wander, Berne, for the synthesis of 

compounds active in the central nervous sys-

tem. Because it was a novel compound, it was 

also tested as part of a general screening pro-

gram at the Sandoz Research Institute in Vi-

enna, where it was found to be highly active 

in vitro and in vivo against a number of path-

ogenic fungi(368).” 

AVOBENZONE 

1988 

“Avobenzone is an oil soluble ingredient 

used in sunscreen products to absorb the full 

spectrum of UVA rays. It helps prevent sun-

burn. Avobenzone works by absorbing the 

rays and converting them to energy that is 

less damaging to the skin(1).” 

NICARDIPINE 

1988 

Analogue of nifedipine(21) 

ETHANOLAMINE OLEATE 

1988 

Calcium chelating agent 

IOVERSOL 

1988 

https://drugs.ncats.io/drug/144O8QL0L1
https://drugs.ncats.io/drug/P41PML4GHR
https://drugs.ncats.io/drug/C668Q9I33J
https://drugs.ncats.io/drug/1BJ477IO2L
https://drugs.ncats.io/drug/4FB1TON47A
https://drugs.ncats.io/drug/G63QQF2NOX
https://drugs.ncats.io/drug/CZ5312222S
https://drugs.ncats.io/drug/U4RY8MRX7C
https://drugs.ncats.io/drug/N3RIB7X24K
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Contrast agent 

OCTREOTIDE 

1988 

Analogue of the endogenous somatostatin 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

Discovery of somatostatin: 

From one of the discoverer: 

“It can be said, with no qualification, that 

everything about the discovery of somatosta-

tin, including somatostatin itself, was unex-

pected. […] I should have named that novel 

peptide not somatostatin but serendipin or 

serendipitin - and the name would be just as 

good today as it would have been 20 years 

ago. […] 

I asked him to set up a radioimmunoassay for 

rat growth hormone (GH) as it was obvious 

that the search for the putative GRF could not 

proceed with the classic ‘tibia test’ bioassay 

for GH. After 2 years of efforts with Wilson 

Rodger, later in collaboration with the group 

of John Beck in Montreal we had gone no-

where even to prove the existence of a GRF 

in hypothalamic extracts using the tibia test 

[…] Paul Brazeau set up the RIA for rat GH, 

and had it working routinely within a couple 

of months. […] 

It was time to approach the isolation of the 

postulated GRF combining the short-term in-

cubation of the cultured dissociated pituitary 

cells and the RIA for GH in the culture fluid. 

Moreover, we had plenty of fresh, untouched 

fragments of (ovine) hypothalamus and, bet-

ter still, side fractions from the earlier isola-

tions of TRF and LRF corresponding to sev-

eral hundred thousands of processed hypo-

thalamic fragments. 

Very early in the project it became obvious 

that things were not working as expected. 

Based on the RIA for GH run by Paul 

Brazeau, Wylie Vale had noticed that simply 

changing the culture fluid in the shortterm 

incubation of pituitary cells would stimulate 

by 15-20% the basal secretion of GFI, in a 

highly reproducible manner. Now aware of 

the fact, we thought we could live with it in 

the search for GRF, taking it in consideration 

for calculating the (expected) release of GH 

upon addition of the hypothalamic extract to 

the cultured cells. The early results were 

showing no increase in the release of GH over 

and above that one to the fluid exchange. In-

deed, with hypothalamic extracts there ap-

peared to be inhibition of that ‘mechanically 

induced’ release of GH and as the dose (con-

centration) of the hypothalamic extract was 

increased there was an unmistakable decrease 

in the basal secretion (release) of GH that was 

dose-related(369).” 

From a discovery paper cited in the article of 

the previous quotation: 

“Searching to demonstrate the presence of 

this still hypothetical somatotropin releasing 

factor in the crude hypothalamic extracts 

used in the isolation of TRF (thyrotropin re-

leasing factor) and LRF (luteinizing hormone 

releasing factor), we have regularly observed 

that their addition in minute doses (⩾ .001) of 

a hypothalamic fragment equivalent) to the 

incubation fluid of dispersed rat pituitary 

cells in monolayer cultures significantly de-

creases the resting secretion of immunoreac-

tive growth hormone by the pituitary cells. 

This inhibition is related to the dose of hypo-

thalamic extract added and is specific. […] 

After purification, the synthetic peptide had 

the biological activity of the native SRIF at 

concentrations ⩾ 1 nM, native or synthetic 

SRIF inhibits the secretion of growth hor-

mone from monolayer cultures of dispersed 

cells of rat adenohypophysis. In one experi-

ment, native SRIF, at a concentration of 20 

nM, inhibited significantly the spontaneous 

secretion of growth hormone by enzymati-

cally dispersed cells derived from the 

https://drugs.ncats.io/drug/RWM8CCW8GP
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pituitary gland of a patient with confirmed 

active acromegaly(370).” 

From the discovery paper of Krulich and 

McCann cited in the article of the two preced-

ing quotations: 

“Pituitaries were incubated in vitro for 5 hr 

and the quantity of GH released into the me-

dium and remaining in the glands was bioas-

sayed by the ‘tibia test.’ […] GH-inhibiting 

factor (GIF) inhibited the release of GH as in-

dicated by a decrease in the quantity released 

into the medium, but had no definite effect on 

that remaining in the glands(371).” 

CARTEOLOL 

1988 

Analogue of propranolol(253) 

KETOROLAC TROMETHAMINE 

1989 

Analogue of ibuprofen(21) 

INTERFERON ALFA-N3 

1989 

Endogenous-based biopharmaceutical 

“Purified, natural (n is for natural) human in-

terferon alpha proteins (consists of 3 forms or 

polymorphisms including 2a, 2b and 2c). 166 

residues, some are glycosylated(2).” 

GANCICLOVIR 

1989 

Analogue of acyclovir 

VALGANCICLOVIR HYDROCHLORIDE 

1989 

Analogue of acyclovir 

NORGESTIMATE 

1989 

Analogue of progesterone 

ERYTHROPOIETIN 

1989 

Endogenous-based biopharmaceutical 

https://drugs.ncats.io/drug/8NF31401XG
https://drugs.ncats.io/drug/4EVE5946BQ
https://go.drugbank.com/drugs/DB00018
https://go.drugbank.com/drugs/DB00018
https://drugs.ncats.io/drug/P9G3CKZ4P5
https://drugs.ncats.io/drug/4P3T9QF9NZ
https://drugs.ncats.io/drug/C291HFX4DY
https://drugs.ncats.io/drug/64FS3BFH5W
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CLOZAPINE 

1989 

Analogue of chlorpromazine 

“In 1958 a group of tricyclic compounds 

based on the chemical structure of the antide-

pressant imipramine was synthesized by 

Swiss pharmaceutical company Wander AG, 

described as ‘tricyclic antidepressants but 

with neuroleptic properties’. One of the com-

pounds in this group, identified in 1959, was 

named ‘clozapine’(372).” 

From the discoverer(s): 

“Initial interest in a drug such as clozapine 

arose from speculations and possible connec-

tions between chemical structure and thera-

peutic effectiveness. After the discovery of 

imipramine by Kuhn in 1957, the molecules 

of all pharmacologically defined and clini-

cally applied tricyclic psychotropic drugs 

were built as, ‘calotte models’ in the Re-

search Department of the Psychiatric Depart-

ment of the Free University of Berlin. This 

was done in the manner proposed by Pauling 

and, in retrospect, this method was a very na-

ive and old-fashioned procedure. The aim 

was to discover consistent differences be-

tween neuroleptic and antidepressant drugs 

and by this procedure to develop a new 

method for drug-screening - independent of 

pharmacological screening. At that time, we 

came to the conclusion that the angle between 

the planes of the rings of tricyclic drugs was 

flat, and that the drug should have a neuro-

leptic profile. If the angle was sharper and the 

planes of the rings twisted relative to each 

other, the drug should have an antidepressant 

effect. 

These speculations, which in hindsight seem 

strange, were published at the beginning of 

the 1960s. The summary of this work, pub-

lished in 1964 (Bente et al. 1964), resulted in 

us having a number of discussions with 

chemists and pharmacologists, including a 

chemist and a pharmacologist from a com-

pany based in Berne, Switzerland (Wander). 

These scientists offered us a group of newly 

developed tricyclic drugs with a 7-membered 

central ring. Given the stereostructure of 

these molecules, all of these drugs should 

have been antidepressants. 

The first drug investigated in this group, a 

dibenzapine, was an antidepressant, which is 

still a very reliable antidepressant used 

widely in the clinical setting. Investigation of 

other drugs appeared to confirm our theory 

concerning the connection between chemical 

structure and therapeutic profile. However, 

clinical investigation of three compounds 

produced by Wander completely undermined 

our theory. As far as the chemical structure 

was concerned, the drugs should have been 

antidepressants, but clinical investigations 

showed them to be neuroleptics. We reported 

these findings on the three compounds at the 

C.I.N.P. conference in Washinton in 1966 as 

an obituary to our theory (Bente et al. 1966b). 

One of these compounds was clozapine. Just 

as we were coming to terms with the fact that 

our elegant theory on the relationship be-

tween chemical structure and therapeutic 

https://drugs.ncats.io/drug/J60AR2IKIC
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effect had been destroyed, we discovered to 

our surprise that clozapine, in contrast to all 

other compounds, had no extrapyramidal ef-

fects despite being a fully effective antipsy-

chotic. This finding was almost unbelievable, 

because at that time it was a part of psycho-

pharmacological dogma that extrapyramidal 

effects went in tandem with antipsychotic ef-

ficacy. 

In the same year (1966) the Austrian psychi-

atrists Gross and Langner described in detail 

the excellent antipsychotic efficacy of 

clozapine, but because the drug had no ex-

trapyramidal side-effects either in animal ex-

periments or in clinical use, they did not call 

it a real neuroleptic. The Wander Company, 

the manufacturers at that time, found them-

selves in a bizarre situation. They were hesi-

tant to introduce the drug, not because of its 

effectiveness, but because it lacked an ad-

verse side-effect!(373)” 

CLOMIPRAMINE 

1989 

Analogue of imipramine 

SELEGILINE HYDROCHLORIDE 

1989 

Analogue of iproniazid 

GOSERELIN 

1989 

Analogue of the endogenous Gonadotropin 

Releasing Hormone(21) 

MEFLOQUINE 

1989 

Analogue of quinine 

https://drugs.ncats.io/drug/NUV44L116D
https://drugs.ncats.io/drug/6W731X367Q
https://drugs.ncats.io/drug/0F65R8P09N
https://drugs.ncats.io/drug/TML814419R
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OMEPRAZOLE MAGNESIUM 

1989 

“Background: In the late 1960s,the pharma-

ceutical company Hässle decided to start a 

gastrointestinal research division with the 

aim of finding a potent drug for the inhibition 

of gastric acid secretion to be used in patients 

with peptic ulcers. To this end, a gastrointes-

tinal laboratory was created, and the first pro-

ject in this laboratory resulted in an antisecre-

tory compound that was very effective in the 

rat, which was used as a screening model. 

However, the compound was completely in-

effective in man, indicating that new screen-

ing models were needed. 

The omeprazole project: In 1972, the gas-

tric acid inhibitory project was restarted with 

a new approach. Anesthetized dogs were 

used as an initial screening model, followed 

by tests on conscious GASTRIC FISTULA 

DOGS. A literature search found a paper de-

scribing an antisecretory compound (CMN 

131) developed by the pharmaceutical com-

pany Servier; this compound, however, 

showed severe acute toxicity, and further re-

search into this compound was consequently 

cancelled. As it seemed a reasonable assump-

tion that the thioamide group in the chemical 

structure of CMN 131 was responsible for the 

toxicity, the new approach aimed to eliminate 

this group by incorporating it into, or in be-

tween, heterocyclic ring systems. By 1973, 

the first hit was discovered — the benzimid-

azole H 124/26, which was a powerful antise-

cretory compound without acute toxicity, and 

which therefore became the lead compound. 

[…]  

[A] metabolite of H 124/26, which was not 

included in the Hungarian patent, was found 

to be an even more potent antisecretory com-

pound. The metabolite H 83/69 was the 

sulphoxide of H 124/26 — named timopra-

zole — and it became the new lead com-

pound. At this stage, the site of inhibitory 

action in the pathway leading to acid secre-

tion was not known. […] 

Compound optimization. Simpler in vitro 

techniques were essential in order to test a 

large number of different substituted benzim-

idazoles for the optimal inhibition of gastric 

acid secretion. The isolated gastric-acid-se-

creting mucosa of the guinea pig was intro-

duced as an appropriate in vitro model. Later 

on, isolated rabbit acid- secreting glands were 

used, and a micromethod for isolating acid-

secreting glands from human gastric biopsies 

was developed. These techniques allowed the 

testing of a large number of compounds, in-

cluding tests on the human target tis-

sue(374).” 

The activity bioassay used in the article cited 

in the previous quotation as the first paper re-

porting the discovery of the lead compound, 

CMN 131: 

“Gastric Antisecretory Activity in the 

Rat.-Gastric antisecretory activity was eval-

uated in the 4 hr polyrus-ligated rat, using the 

technique of Shay. The compds were sus-

pended in 20% gum syrup, and were admin-

istered intraduodenally immediately after py-

loric ligation to groups of 6 male Sprague 

Dawley/CD rats weighing 221 ± 1.77 g. Free 

acid output was calcd for each rat(375)” 

ESOMEPRAZOLE 

1989 

enantiopure omeprazole 

PROPOFOL 

1989 

“In May 1973, hypnotic activity was detected 

in 2,6-diethylphenol, one of a selection of 

poorly water-soluble agents selected by 

James, a project chemist from ICI’s com-

pound collection. Because its onset of effect 

was slow this compound was discarded, but 

it provided a lead for the systematic evalua-

tion of related alkyl substituted phenols. 

Among these Glen selected propofol (2,6-

https://drugs.ncats.io/drug/426QFE7XLK
https://go.drugbank.com/drugs/DB00736
https://go.drugbank.com/drugs/DB00736
https://drugs.ncats.io/drug/YI7VU623SF
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diisopropylphenol[ICI 35 868], previously 

synthesized as a potential antibacterial agent) 

as the only compound with the optimum bal-

ance of properties and acceptable effects on 

respiration and circulation(376).” 

From the article cited in the previous quota-

tion as the paper reporting the discovery of 

propofol: 

“Following our discovery of the intravenous 

(iv) anesthetic activity of 2,6-diethylphenol 

in mice, a series of alkylphenols was exam-

ined in this species and the most active ana-

logues were further evaluated in rabbits. The 

synthesis of compounds which were not com-

mercially available was accomplished by ad-

aptations of standard ortho-alkylation proce-

dures for phenols. Structure-activity relation-

ships were found to be complex, but, in gen-

eral, potency and kinetics appeared to be a 

function of both the lipophilic character and 

the degree of steric hindrance exerted by or-

tho substituents. The most interesting com-

pounds were found in the 2,6-dialkyl series, 

and the greatest potency was associated with 

2,6-di-sec-alkyl substitution. In particular, 

2,6-diisopropylphenol (IC1 35 868) emerged 

as a candidate for further development and 

has subsequently been shown to be an effec-

tive iv anesthetic agent in man. […] 

Hypnotic activity (HD50) and acute toxicity 

(LD50) were estimated in mice for standard 

anesthetics and the phenols examined. Sleep-

ing times and the speed of induction and re-

covery were noted together with a qualitative 

assessment of muscle relaxation, analgesia, 

and any excitatory effects. Compounds with 

an HD50≤20 mg/kg and a therapeutic ratio 

(LD50/HD50)≥4 which were free from unde-

sirable side effects were considered for fur-

ther evaluation of the quality of anesthesia 

produced in rabbits. 

General trends in the primary mouse results 

were apparent when derivatives were ar-

ranged according to the pattern and type of 

substitution in the phenol ring as in Tables 

11-V(377).” 

“Anaesthetic activity has been discovered in 

a series of hindered phenolic compounds 

which exist as oils at room temperature. 

These compounds can be administered i.v. in 

aqueous solution with the solubilizing agent 

Cremophor EL. Animal tests were designed 

to detect a compound which produced anaes-

thesia characterized by rapid onset, short du-

ration, lack of cumulation on repeated admin-

istration, and a lack of excitatory effects on 

induction and during maintenance and recov-

ery. Of the compounds examined only ICI 35 

868 was found to have a desirable anaesthetic 

profile in animals(378).” 

FLUTAMIDE 

1989 

“The pioneering work by Huggins and 

Hodges in 1941 demonstrated that prostate 

tumor growth is dependent on the male sex-

ual hormone testosterone, thus providing a 

rationale for reduction of serum testosterone 

concentration as a therapeutic approach, ei-

ther by surgical or medical castration. Alt-

hough initially effective, the disease pro-

gresses in the majority of patients, even when 

serum testosterone is on castrate level (cas-

tration-resistant prostate cancer). Yet, at this 

stage of the disease, prostate cancer is still de-

pendent on androgen receptor (AR) signal-

ling. […] 

Flutamide was first described as a member of 

a series of N-acyl anilides synthesized at 

Monsanto in the 1960s during a compound 

finding program aiming at bacteriostatic 

agents. Soon after, at Schering Corp., the 

compound was characterized pharmacologi-

cally and further developed as SCH-

13521(379).” 

From the earliest article describing the com-

pound along its antibacterial activity: 

“The in vitro Staphylococcus aureus activity 

https://drugs.ncats.io/drug/76W6J0943E
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of the nitro-trifluoromethylanilides was ob-

tained. Active structures included those 

which were substituted in the meta and para 

positions of the N-phenyl ring with a nitro 

and trifluoromethyl group and in which the 

acid-derived moiety incorporates alkyl, 

haloalkyl, cycloalkyl, alkenyl, haloalkenyl, 

alkyldienyl, and phenethyl groups and con-

tains 5-12 carbon atoms. The benzyl and phe-

noxymethyl derivatives were inactive. N,N-

Disubstituted and ortho-substituted deriva-

tives were also inactive. Those anilides di-

substituted in the α position possessed a 

lower order of activity. All of the complexes 

were derivatives of active anilides and exhib-

ited the same order of activity on a weight ba-

sis as the anilides themselves(380).” 

The earliest study reporting its antiandro-

genic effect does not discuss explicitly the ra-

tionale for the selection of flutamide, yet its 

reported experiments are(381): 

investigating the effects of the compound on: 

✓  intact male rats 

✓ castrate rats 

✓ hypophysectomized rats 

✓ prenatal development 

✓ fertility in male rats 

✓ gonadotropin inhibition in female rats 

parabiotically joined to male rats 

✓ spayed rats 

✓ female immature mice 

✓ progestational and antiprogestational ac-

tivities in immature female rabbit 

The mechanism that flutamide antagonizes 

the receptor binding of dihydrotestosterone 

was first reported in an article published in 

1974, 2 years after the publication year of the 

article of the previous quote(382): 

The citation in the following quotation refers 

to the article of the previous quotation. 

“Recently, a nonsteroidal compound, flutam-

ide, was found to have a high antiandrogenic 

activity on male accessory sex organs. This 

report shows that the new antiandrogen, 

although non- steroidal, also antagonizes the 

receptor binding of DHT and the nuclear re-

tention of DHT-receptor complex in vivo and 

in vitro(382).” 

CARBOPLATIN 

1989 

Analogue of cisplatin(21) 

ESTAZOLAM 

1990 

Analogue of chlordiazepoxide(21) 

FLUCONAZOLE 

1990 

Analogue of miconazole(21) 

OLSALAZINE 

1990 

Analogue of salicylic acid 

https://drugs.ncats.io/drug/BG3F62OND5
https://drugs.ncats.io/drug/36S3EQV54C
https://drugs.ncats.io/drug/8VZV102JFY
https://drugs.ncats.io/drug/ULS5I8J03O
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OFLOXACIN 

1990 

Analogue of nalidixic acid(21) 

PODOFILOX 

1990 

“The first literature report on the extraction 

of Podophyllum was that of King in 1844, 

who called the resin he obtained from alcohol 

extraction podophyllin. He also described the 

effects of podophyllin administered to one of 

his patients. On the basis of evidence about 

the traditional therapeutic uses of these ex-

tracts, investigators were interested in dis-

covering which of the chemical entities pre-

sent in podophyllin were responsible for its 

‘anticancer’ activity. […] 

Podwyssotzki managed to achieve the diffi-

cult crystallization of the major component of 

the extract which he named ‘podophyllo-

toxin’(306).” 

“He tasted his own extracts and stated: 

‘When chewed, podophyllin developed a bit-

ter taste. A peculiar, almost acrid sensation 

could be perceived.’ He also showed that the 

preparation was toxic in cats. […] 

Neuberger crystallized podophyllotoxin and 

investigated its activity in animals such as 

frogs, cats, dogs and rabbits. He observed 

toxic effects similar to those induced by col-

chicine, with the effects being more marked 

in carnivores than in herbivores. […] 

The first key step was a 1942 publication by 

Kaplan, describing the successful use of 

podophyllin applied topically to treat vene-

real warts (Condylomata acuminata). This 

success kindled interest in the use of podo-

phyilin against tumor tissues. in parallel, the 

chemical analysis of its components was un-

dertaken on a wide front. The next major ad-

vance was the 1946 publication of the results 

of King and Sullivan that showed that, when 

tested against dividing cells, podophyllin was 

as powerful an antimitotic agent as was col-

chicine(306).” 

DOXAZOSIN 

1990 

Analogue of prazosin(21) 

 

IDARUBICIN 

1990 

Analogue of doxorubicin(21) 

EFLORNITHINE 

1990 

Analogue of the endogenous compound, or-

nithine. It irreversibly binds to ornithine de-

carboxylase and physically prevents the nat-

ural substrate, ornithine from accessing the 

active site(1). 

https://drugs.ncats.io/drug/A4P49JAZ9H
https://drugs.ncats.io/drug/L36H50F353
https://drugs.ncats.io/drug/NW1291F1W8
https://drugs.ncats.io/drug/ZRP63D75JW
https://drugs.ncats.io/drug/ZQN1G5V6SR
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FLUTICASONE PROPIONATE 

1990 

Analogue of cortisone(21) 

HALOBETASOL 

1990 

Analogue of cortisone(21) 

ISRADIPINE 

1990 

Analogue of nifedipine(21) 

NAFARELIN 

1990 

Analogue of GnRH(1) 

TITANIUM HYDRIDE 

1990 

Natural oxide of titanium, inorganic 

NABUMETONE 

1991 

From the discovery paper(383): 

“Numerous arylacetic and arylpropionic ac-

ids have been synthesized in the search for 

nonsteroidal antiinflammatory agents. Alt-

hough many of these acids have been shown 

to possess good activity, they invariably 

cause harmful irritation to the gastrointestinal 

tract. It is thought that this property could be 

related to the acidic nature of such com-

pounds. In order to overcome this important 

drawback we decided to screen a variety of 

compounds lacking a carboxyl group, and 

from this investigation we have now prepared 

a structurally novel class of antiinflammatory 

compounds. This class consists of 2,6-disub-

stituted naphthylalkanones and derivatives 

thereof. […] 

The antiinflammatory activity of some of the 

compounds was initially discovered using an 

acute model of inflammation, namely, the 

carrageenan-induced edema test of the rat 

paw. Cotton pellet induced granuloma for-

mation in the rat served as a chronic model of 

https://drugs.ncats.io/drug/O2GMZ0LF5W
https://drugs.ncats.io/drug/9P6159HM7T
https://drugs.ncats.io/drug/YO1UK1S598
https://drugs.ncats.io/drug/1X0094V6JV
https://drugs.ncats.io/drug/8930U91840
https://drugs.ncats.io/drug/LW0TIW155Z
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inflammation for further evaluation of the se-

ries(384).” 

ONDANSETRON 

1991 

Quoting from Sanger, one of the important 

figures in the discovery of antiemetic 5-HT3 

antagonists: 

“The identification of 5-HT3 receptor antag-

onism as a means of preventing cisplatin-

evoked emesis began with the discovery that, 

unlike other dopamine D2 receptor antago-

nists, high intravenous doses of metoclo-

pramide reduced cisplatin-evoked emesis in 

cancer patients. On this evidence, we sug-

gested that a mechanism unrelated to D2 re-

ceptor antagonism was responsible for the 

antiemetic activity of high dose metoclo-

pramide. 

Examination of the pharmacology of meto-

clopramide showed that high concentrations 

had several actions that were additional to the 

ability to increase gut cholinergic activity and 

antagonize dopamine D2 receptors. Among 

these actions was a weak activity as a 5-HT3 

receptor antagonist (see Fozard 1984a). We 

tested for the possibility that antagonism of 

5-HT3 receptors might prevent cisplatin-

evoked emesis using ferrets as our animal 

model. […] we tested BRL 24924, a potent 

stimulant of gut motility and a 5-HT3 receptor 

antagonist at higher doses. Our studies with 

BRL 24924 enabled us to suggest that 5-HT3 

receptor antagonism might prevent cisplatin-

evoked emesis, but we could not. entirely rule 

out the unlikely possibility that selective 

stimulation and reordering of disordered gut 

motility might also contribute to the antie-

metic activity. To complete our proposal, we, 

therefore, tested the first selective 5-HT3 re-

ceptor antagonist MDL 72222 (Fozad 

1984b). The result was a complete prevention 

of cisplatin-induced emesis in ferrets. […] 

As a result sf our experiments, we developed 

BRL 43694 (granisetron), a highly potent and 

selective 5-HT3 receptor antagonist and anti-

emetic agent. Other 5-HT3 receptor antago-

nists (ICS 205-838, GR 38032F), originally 

developed for other indications, were also 

shown to have antiemetic properties(385).” 

The rationale for the design and selection of 

the compound is not mentioned in the discov-

ery paper of granisetron, yet its effect on the 

following assays are reported(386): 

✓ Isolated gastrointestinal tissues 

▪ guinea-pig ileum 

▪ rat forestomach 

▪ human stomach 

✓ potentiation of electrically evoked con-

tractions caused by 5-HT 

✓ Antagonism by BRL 43694 of 5-HT-

evoked tachycardia in rabbit isolated 

heart 

✓ Antagonism by BRL 43694 of the Be-

zold-Jarisch reflex in anaesthetised rats 

✓ Inhibition of 3H-radiofigand binding to 

rat brain membranes in vitro 

Another name of MD-72222 is bemesetron. 

“Bemesetron was not progressed for treat-

ment of emesis, the company preferring its 

follow-up molecule MDL73147 or dolaset-

ron(241).” 

Ondansetron and tropisetron were previously 

designed for other disorders, but due to this 

evidence on the relationship between 5-HT3 

antagonism and antiemesis activity, they 

were repurposed for antiemesis, quoting from 

Sanger: 

“With respect to ondansetron and tropisetron, 

these can therefore be regarded as examples 

of ‘re-purposing’(241)” 

“Glaxo (GR38032F or ondansetron, a race-

mate designed for ‘a variety of disorders in-

cluding migraine’ before being specifically 

patented for treatment of depression, schizo-

phrenia, anxiety and cognitive disorders 7 ); 

Sandoz (ICS 205-930 or tropisetron, de-

signed for treatment of migraine and later 

https://drugs.ncats.io/drug/4AF302ESOS
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found to have some ability to antagonize at 

the 5-HT4 receptor)(241).” 

Regarding the discovery of MD-72222, quot-

ing from Fozrad, its designer and the discov-

erer of its 5-HT3 antagonistic effect(241, 

385): 

“Recently, a series of substituted benzoic 

acid esters of tropine was synthesised 

(Fozard and Gittos, 1983) several of which 

proved to be both potent and highly selective 

antagonists at the 5-HT receptor mediating 

excitation of sympathetic postganglionic 

neurones. The most active compound, MDL 

72222 blocked, at nanomolar concentrations, 

release of noradrenaline evoked from the rab-

bit heart by activation of the excitatory 5-HT 

receptors present on the sympathetic terminal 

fibres(387).” 

From another related article of Fozrad: 

“The interaction of MDL 72222 with 5-HT 

has been investigated on the rabbit isolated 

heart, where stimulation of 5-HT receptors 

results in noradrenaline release from the ter-

minal sympathetic fibres, on the guinea-pig 

ileum, where excitatory 5-HT receptors me-

diate acetylcholine release from the intramu-

ral cholinergic nerves, and in the anaesthe-

tized rat, where activation of receptors on va-

gal fibres initiates afferent the Bezotd-Jarisch 

effect of 5-HT(388).” 

HISTRELIN 

1991 

Analogue of the endogenous Gonadotropin 

Releasing Hormone(21) 

 

 

BENAZEPRILAT 

1991 

Analogue of captopril 

QUINAPRILAT 

1991 

Analogue of captopril(21) 

RAMIPRILAT 

1991 

Analogue of captopril(21) 

FOSINOPRILAT 

1991 

Analogue of captopril 

https://drugs.ncats.io/drug/H50H3S3W74
https://drugs.ncats.io/drug/JRM708L703
https://drugs.ncats.io/drug/34SSX5LDE5
https://drugs.ncats.io/drug/6N5U4QFC3G
https://drugs.ncats.io/drug/S312EY6ZT8
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PRAVASTATIN 

1991 

Analogue of lovastatin(21) 

From the discoverer(s): 

“We first searched for microbial culture 

broths that inhibited the incorporation of 

[14C]acetate into nonsaponifiable lipids. The 

active broths were then tested for their ability 

to inhibit lipid synthesis from [3H]mevalo-

nate. Culture broths that were active in the 

first assay but not active in the second deter-

mination were suspected to contain a com-

pound (or compounds) that inhibited the 

early stages between acetate and mevalonate 

in the cholesterol synthetic pathway. The 

principal active component(s) in these culture 

broths were then isolated. Rat liver enzymes 

were used for these assays(389).” 

Quoting from the paper cited by the discov-

erer(s) regarding their bioassay: 

“Preparation of Enzyme System-Freshly ex-

cised rat livers were perfused a few seconds 

in the cold buffer of Bucher and Mc Gar-

rahan, minus glutathione and sucrose, and 

then homogenized in two volumes of the 

buffer in a Potter-Elvehjem type homoge-

nizer of 1-mm clearance. Only six strokes 

were used for homogenization, for more vig-

orous treatment resulted in a greatly reduced 

activity of the preparation. The centrifugation 

procedure described by the above authors 

was used to obtain microsomal and superna-

tant fractions. The supernatant solution was 

then fractionated with neutral ammonium 

sulfate solution at 0° into the following frac-

tions: A, 0 to 25%; B, 25 to 40%; C, 40 to 

55% and D, 55 to 80% of saturation. Each 

fraction was dissolved in 0.1 M phosphate 

buffer and dialyzed 2 hours at 0° against 2 li-

ters of 0.003 M phosphate buffer of pH 7.0. 

After dialysis, the fractions were adjusted to 

the desired volume, and then these fractions 

and microsomes were stored separately in 0.1 

M phosphate, pH 7.0, for varying periods of 

time, up to 20 days, on Dry-Ice(390).” 

SIMVASTATIN 

1991 

Analogue of lovastatin(21) 

SERTRALINE 

1991 

Analogue of fluoxetine 

https://drugs.ncats.io/drug/KXO2KT9N0G
https://drugs.ncats.io/drug/AGG2FN16EV
https://drugs.ncats.io/drug/QUC7NX6WMB
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TICLOPIDINE 

1991 

From the discoverer(s): 

Title of the paper is: “The story of clopidogrel 

and its predecessor, ticlopidine: Could these 

major antiplatelet and antithrombotic drugs 

be discovered and developed today?” 

“Clopidogrel has a more favorable side effect 

profile than ticlopidine. These two molecules 

could not be discovered today through an in 

vitro high throughput screening because they 

are prodrugs, which must be transformed in 

the body into an active metabolite. The active 

metabolite is very unstable and cannot be ob-

tained by chemical synthesis or stored. More-

over, its structure cannot be predicted by ra-

tional drug design. Even if these two pro-

drugs were discovered today by chance, they 

would probably not be developed by the ma-

jority of R&D teams because of a number of 

drawbacks associated with their strong meta-

bolic transformation in the body and their ir-

reversible effect on platelets. […] 

The story started in 1972 when my manager, 

Dr Fernand Eloy, decided to search for new 

anti-inflammatory drugs related to 

Tinoridine, a thienopyridine compound 

whose anti-inflammatory and analgesic prop-

erties were published 2 years previously by 

the Yoshitomi Company. Exploiting our 

knowledge in thienopyridine chemistry, we 

synthesized a number of derivatives in gram 

quantities to screen them on a wide battery of 

animal models exploring different physiolog-

ical systems or mimicking human patholo-

gies. Almost all these tests were performed in 

vivo or ex-vivo, in the mouse and the rat. It 

appeared that none of the thienopyridine 

compounds synthesized had anti-inflamma-

tory or analgesic effects but, fortunately, 

some of them displayed unexpected an-

tiplatelet and antithrombotic activities after 

oral administration to rats. It is worth men-

tioning that it was uncommon, at that time, to 

search for new antiplatelet agents. The link 

between platelet aggregation, thrombosis and 

cardiovascular events was still ignored or dis-

puted by some cardiologists and in actual 

fact, vascular spasm was considered as the 

major cause of the clinical complications of 

atherosclerosis. One of the most active com-

pounds found, ticlopidine, was rapidly se-

lected for development(391)” 

FELODIPINE 

1991 

Analogue of nifedipine(21) 

PREDNICARBATE 

1991 

Analogue of cortisone 

AZITHROMYCIN  

1991 

Analogue of erythromycin(21) 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

STIBOCAPTATE 

1991 

Chelating agent 

https://drugs.ncats.io/drug/OM90ZUW7M1
https://drugs.ncats.io/drug/OL961R6O2C
https://drugs.ncats.io/drug/V901LV1K7D
https://drugs.ncats.io/drug/J2KLZ20U1M
https://drugs.ncats.io/drug/9WCI9N7UUQ
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FOSCARNET 

1991 

Analogue of phosphonoacetic acid 

From the first report, a case report, of its use 

in humans: 

“SIR,-We have successfully treated a patient 

in terminal hepatic coma with foscarnet 

(trisodium phosphonoformate). […] 

Initial treatment was standard with intrave-

nous cefotaxime given for possible septicae-

mia but he continued to deteriorate. 48 h after 

admission, intravenous foscarnet was started. 

The rationale was the known in-vitro inhibi-

tion of DNA polymerase. A 20 mg/kg load-

ing dose was followed by continuous infu-

sion of 1 mg/kg per hour increasing to 1 

mg/kg. He received a total of 30 g over 13 

days. 48 h after the start of foscarnet, motor 

function was normal, and verbal communica-

tion was unimpaired. Complete recovery fol-

lowed(392).” 

From the article cited in the previous quota-

tion regarding the DNA polymerase inhibi-

tory activity of foscarnet: 

“Mao et al. (1975) reported that phosphonoa-

cetic acid inhibits herpesvirus DNA polymer-

ase, and this explained the earlier observed 

antiherpes activity in cell-culture and in ani-

mals (Shipkowitz et al., 1973). Trisodium 

phosphonoformate, through independent ex-

periments by Helgstrand et al. (1978) and 

Reno et al. (1978), was also found to inhibit 

herpesvirus DNA polymerase and herpesvi-

rus replication in a manner similar to that of 

phosphonoacetic acid. […] 

In the literature, trisodium phosphonofor-

mate, phosphonoformate, phosphonoformic 

acid, PFA and foscarnet sodium have been 

used to denote the same compound(393).” 

The discovery of phosphonoacetic acid 

From the discovery paper: 

“Random testing of compounds with a tissue 

culture screen designed to detect antiviral 

compounds revealed that PAA inhibited rep-

lication of herpesvirus types 1 and 2. The ac-

tivity was consistently obtained at a concen-

tration of 100 μg/ml. Our in vitro data sug-

gested the possibility of achieving a favora-

ble in vivo therapeutic index against herpes-

virus. We present data on our animal stud-

ies(394).” 

FLUDARABINE 

1991 

Analogue of ribavirin 

PENTOSTATIN 

1991 

Analogue of ribavirin 

SUCCIMER 

https://drugs.ncats.io/drug/364P9RVW4X
https://drugs.ncats.io/drug/P2K93U8740
https://drugs.ncats.io/drug/395575MZO7
https://drugs.ncats.io/drug/DX1U2629QE
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1991 

Chelating agent 

PAMIDRONIC ACID 

1991 

Analogue of etidronic acid 

From the discoverer(s): 

“The bisphosphonates, in the past errone-

ously called diphosphonates, have been 

known to chemists since the middle of the 

19th century, the first synthesis dating back 

to 1865 in Germany. Their use was industrial 

(mainly in the textile, fertilizer and oil indus-

tries) and, because of their property of inhib-

iting calcium carbonate precipitation, as pre-

ventors of scaling. Our knowledge of the bi-

ological characteristics of bisphosphonates 

dates back 30 years, the first report about 

them, actually by the present author’s group, 

having been presented in 1968. The concept 

was derived from earlier studies in our labor-

atory on inorganic pyrophosphate, in which it 

was found that plasma and urine contained 

compounds inhibiting calcium phosphate 

precipitation in vitro and it was found that 

part of this activity was due to inorganic py-

rophosphate, a substance that had not been 

described previously in these fluids. We then 

found that pyrophosphate also inhibited cal-

cium phosphate dissolution in vitro. In vivo, 

this compound prevented ectopic calcifica-

tion but had no effect on normal mineraliza-

tion and on bone resorption, possibly because 

it was destroyed locally by phosphatases. 

This prompted us to look for analogs of pyro-

phosphate that were not destroyed 

enzymatically. The bisphosphonates fulfilled 

these conditions(395).” 

From an early article of the discoverer(s): 

“Various diphosphonates were found to in-

hibit vitamin D3-induced calcification of the 

aorta and the kidney of rats. In addition, these 

diphosphonates also inhibit the dissolution of 

apatite crystals in vitro and inhibit bone re-

sorption both in tissue culture and in living 

animals. We have now shown that dichloror-

nethylenediphosphonate (CI2MDP), with the 

structure shown, prevents immobilization os-

teoporosis induced experimentally in 

rats(396).” 

DIDANOSINE 

1991 

Analogue of zidovudine(21) 

ISOSORBIDE MONONITRATE 

1991 

Analogue of Isoamyl nitrite(21) 

OCTOCRYLENE 

1991 

“Octocrylene is a compound often used as an 

additive in sun screen, and is thought to have 

skin moisturizing effects because of its emol-

lient properties(1).” 

https://drugs.ncats.io/drug/OYY3447OMC
https://drugs.ncats.io/drug/K3GDH6OH08
https://drugs.ncats.io/drug/LX1OH63030
https://drugs.ncats.io/drug/5A68WGF6WM
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ETODOLAC 

1991 

Analogue of indomethacin(21) 

CLARITHROMYCIN 

1991 

Analogue of erythromycin(21) 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

SARGRAMOSTIM 

1991 

“Sargramostim is a human recombinant gran-

ulocyte macrophage colony-stimulating fac-

tor (GM-CSF) expressed in yeast. It is a gly-

coprotein that is 127 residues. Substitution of 

Leu23 leads to a difference from native pro-

tein(2).” 

FILGRASTIM 

1991 

“Filgrastim is a recombinant, non-pegylated 

human granulocyte colony stimulating factor 

(G-CSF) analog(2).” 

BERACTANT 

1991 

“Beractant is a pulmonary surfactant used for 

the treatment of Respiratory Distress Syn-

drome (RDS) in premature infants. Consid-

ered a natural source of surfactant as it is 

made from bovine lung extract, beractant 

contains a mixture of phospholipids, neutral 

lipids, fatty acids, and surfactant-associated 

proteins such as SP-B and SP-C(2).” 

PAROXETINE 

1992 

Analogue of fluoxetine 

SOTALOL 

1992 

Analogue of propranolol(21) 

BISOPROLOL 

1992 

Analogue of propranolol(253) 

https://drugs.ncats.io/drug/2M36281008
https://drugs.ncats.io/drug/H1250JIK0A
https://drugs.ncats.io/drug/5TAA004E22
https://drugs.ncats.io/drug/PVI5M0M1GW
https://go.drugbank.com/drugs/DB06761
https://drugs.ncats.io/drug/41VRH5220H
https://drugs.ncats.io/drug/A6D97U294I
https://drugs.ncats.io/drug/Y41JS2NL6U
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TERBINAFINE 

1992 

Analogue of naftifine 

SUMATRIPTAN 

1992 

From the discoverer(s): 

“Our early research focus was on the per-

ceived involvement of serotonin in the path-

ophysiology of migraine, with the weight of 

evidence at that time on the possibility of a 

causative involvement of serotonin depletion 

from blood platelets leading to loss of cranial 

vascular tone. Regardless, vasoconstrictor 

agents, including serotonin, had been shown 

to work in alleviating migrainous headaches 

in a number of clinical settings. In the 1960s, 

Lance’s research team confirmed an earlier 

observation of Kimball and colleagues that 

intravenously infused 5-hydroxytrypta-

mine(serotonin) was effective in alleviating 

the pain of migraine, albeit very aware that its 

side effects made its therapeutic use totally 

impractical. More than a decade later, our re-

search team at Glaxo, in England, set about 

trying to find the serotonin receptor type re-

sponsible for serotonin’s beneficial effect. 

Our research led us to identify a then 

unknown serotonin receptor type (now called 

5-HT1B) that is largely located in cranial ra-

ther than peripheral blood vessels. We then 

went on to design novel agonists that specifi-

cally stimulated these receptors to produce 

selective vasoconstriction of cranial vessels, 

such as meningeal arteries, which can be-

come distended and inflamed(397).” 

“Eventually we found this compound, suma-

triptan, which is structurally similar to 5-HT, 

but a small modification to the molecule is 

enough to change its pharmacology radically, 

so that sumatriptan is remarkably selective 

for the 5-HT1 receptor. It does not activate the 

5-HT2 through to 5-HT7 receptors, and even 

within the 5-HT1 subgroup it only activates 

some subtypes. It constricted excised intra-

cranial blood vessels just like 5-HT, yet did 

not constrict blood vessels from the legs, the 

gut or even from the heart. As we now know, 

the latter contain predominantly 5-HT2 but 

not 5-HT1 receptors. 

Well, that is all very well in isolated tissues, 

but we had to find out what happened in the 

whole animal. Pramod Saxena played a major 

part in teaching Wasyl Feniuk and I the use 

of radio-labelled microspheres to measure 

blood flow in all the organs of the body in one 

experiment. In the cat we found that ergota-

mine at low doses, say 30 μg/kg, led to an in-

crease in resistance in every vascular bed, in-

cluding the brain, whereas sumatriptan, even 

with the huge dose of 1 mg/kg, had no effect 

on the heart, brain or kidney vascula-

ture(398).” 

“So we set out to make an analog of 5‐HT that 

would selectively stimulate the 5‐HT1 recep-

tor. To some extent we were lucky that it did 

not stimulate all these other 5‐HT receptor 

types that were identified later at the molecu-

lar level. So, we developed sumatriptan, 

which is a relatively simple analog of 5‐HT, 

but remarkably selective for the 5‐HT1B re-

ceptor(399).” 

From the discovery paper: 

https://drugs.ncats.io/drug/G7RIW8S0XP
https://drugs.ncats.io/drug/8R78F6L9VO
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1. “We describe the actions of a novel and 

selective 5-HT1-like receptor agonist, 

GR43175, in a range of isolated tissue 

preparations containing different 5-hy-

droxytryptamine (5-HT) receptor types. 

2. GR43175 was a potent agonist at 5-HT1-

like receptors mediating contraction of 

the dog isolated saphenous vein and also 

at those inhibiting neuronally mediated 

contractions in the same preparations. For 

both actions, GR43175 was approxi-

mately four times weaker than 5-HT. 

3.  GR43175 was devoid of agonist proper-

ties at 5-HT1-like receptors mediating re-

laxation of the cat isolated saphenous 

vein. 

4. GR43175 was devoid of agonist proper-

ties at 5-HT2 receptors mediating contrac-

tion of the rabbit isolated aorta, pig coro-

nary artery, greyhound coronary artery 

and beagle femoral artery. 

5. GR43175 was devoid of agonist proper-

ties at 5-HT3 receptors mediating depo-

larization of the rat isolated vagus nerve. 

6. The contractile response to GR43175 in 

the dog isolated saphenous vein was se-

lectively antagonized by methiothepin 

but was resistant to antagonism by the 5-

HT2 receptor blocking drug ketanserin 

and the 5-HT3 receptor blocking drug 

MDL 72222. Methiothepin antagonized 

the contractile action of 5-HT and 

GR43175 to an equal extent suggesting 

that both agonists act at the same recep-

tor. 

7. The results demonstrate that GR43175 is 

a highly selective agonist for the 5-HT1-

like receptors found in the dog saphenous 

vein. The absence of an action of 

GR43175 at 5-HT1-like receptors mediat-

ing relaxation of the cat isolated saphe-

nous vein provides further evidence that 

5-HT1-like receptors are heterogene-

ous(400).” 

CEFPODOXIME 

1992 

Analogue of cefalexin 

FINASTERIDE 

1992 

Analogue of the endogenous testosterone 

DESOGESTREL 

1992 

Analogue of progesterone(21) 

ALDESLEUKIN 

1992 

“Aldesleukin, a lymphokine, is produced by 

recombinant DNA technology using a genet-

ically engineered E. coli strain containing an 

analog of the human interleukin-2 gene(2).” 

https://drugs.ncats.io/drug/7R4F94TVGY
https://drugs.ncats.io/drug/57GNO57U7G
https://drugs.ncats.io/drug/81K9V7M3A3
https://drugs.ncats.io/drug/M89N0Q7EQR
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PACLITAXEL 

1992 

From the discoverer(s): 

“A screening program for antitumor agents in 

the plant kingdom was initiated in 1960 under 

Dr. Jonathan L. Hartwell of the National Can-

cer Institute (NCI). Plant samples collected at 

random were supplied to the NCI by the U.S 

Department of Agriculture (USDA) under an 

interagency agreement. In August 1962, 

USDA botanist Arthur S. Barclay, Ph.D., and 

three college student field assistants collected 

650 plant samples in California, Washington, 

and Oregon, including bark, twigs, leaves, 

and fruit of Taxus brevifolia (Pacific or West-

ern Yew) in Washington State. T. brevifolia 

is a slow growing tree which is found primar-

ily in the coastal areas of the Northwest of the 

United States. Potential medicinal properties 

of the plant had never been investigated. The 

assignment of the plant to the Research Tri-

angle Institute (RTI) International by Dr. 

Hartwell was not entirely serendipitous. 

When the original cytotoxicity tests were 

conducted with crude extracts by NCI con-

tractors, some of the samples demonstrated 

cytotoxicity against 9KB cell cultures that 

had been derived from a human cancer of the 

nasopharynx. Drs. Wall and Wani, medicinal 

chemists who worked at RTI International, 

had noted an excellent correlation between 

L1210 (lymphoid leukemia in mice) in vivo 

activity and the 9KB cytotoxicity assay when 

studying camptothecin. Accordingly, they 

had requested Dr. Hartwell to assign to them 

as many 9KB active plant extracts as possi-

ble. […] 

approximately 0.5 g of Taxol® was isolated 

starting with 12 kg of air dried stem and bark 

from T. brevifolia. The yield was approxi-

mately 0.004%. All the various steps were 

monitored by an in vivo bioassay which in-

volved the inhibition of the solid tumor 

known as Walker-256 intramuscular rat car-

cinosarcoma. [...], increased purification was 

accompanied by increased antitumor activity 

at lower doses(401).” 

OXAPROZIN 

1992 

Analogue of ibuprofen(21) 

NEDOCROMIL 

1992 

Analogue of cromolyn 

DESFLURANE 

1992 

Analogue of isoflurane(269) 

See the isoflurane entry. 

RIFABUTIN 

https://drugs.ncats.io/drug/P88XT4IS4D
https://drugs.ncats.io/drug/MHJ80W9LRB
https://drugs.ncats.io/drug/0B535E0BN0
https://drugs.ncats.io/drug/CRS35BZ94Q
https://drugs.ncats.io/drug/1W306TDA6S
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1992 

Analogue of rifampin 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

ATOVAQUONE 

1992 

From the discoverer(s): 

“In 1946, it was noted that certain 2-hydroxy-

3-alkyl-naphthoquinones inhibited the respir-

atory processes of Plasmodium species. Sub-

sequently, these findings were substantiated 

by Fieser and his collaborators, though no 

drug suitable for human use was discovered. 

A variety of naphthoquinones were also 

found to have activity against other protozoa, 

including trypanosomes, Theileria parva, 

Toxoplasma spp., and certain Eimeria and 

Plasmodium species. Hydroxynaphthoqui-

nones block protozoal respiratory chain elec-

tron transport at complex III, probably by 

functioning as analogs of ubiquinone. […] 

The studies to be described here represent a 

collaborative effort of investigators at St. 

Jude Children's Research Hospital in Mem-

phis, Tenn., and the Wellcome Research La-

boratories in Beckenham, United Kingdom. 

The hydroxynaphthoquinone 566C80 was 

under development at Wellcome as an anti-

malarial drug, and studies were in progress at 

St. Jude to identify new compounds effective 

against P. carinii. One of the Beckenham in-

vestigators (W.E.G.) suggested that 566C80 

be tested in the St. Jude laboratory for effi-

cacy, since P. carinii has been found to be 

susceptible to certain drugs with antiproto-

zoal activity. After demonstration of efficacy 

in the initial animal studies at St. Jude, simi-

lar studies were done at Wellcome for confir-

mation. Subsequently, these studies were ex-

panded in both laboratories(402).” 

From the discoverer(s): 

“The compound 566C80, which is in devel-

opment by the Wellcome Research 

Laboratories, has shown particular promise 

as a potential anti-malarial agent. It exhibits 

potent blood schizontocidal activity against 

P. falciparum in vitro and in Aotus monkeys 

and also against P. yoelii in mice. Further-

more, it has been shown to be active against 

chloroquine, pyrimethamine and mefloquine 

resistant strains of P. yoelii and P. berghei. 

Good causal prophylactic properties have 

been demonstrated against the liver or exo-

erythrocytic (EE) stages of P. berghei in rats. 

In contrast to earlier compounds from this 

class which exhibited disappointing activity 

in human clinical trials, 566C80 is metaboli-

cally stable and orally bioavailable in man. 

[…] 

The present study extends our previous ob-

servations of the activity of 566C80 against 

the EE stages of P. berghei in which we 

demonstrated in vivo the ability of the drug to 

prevent or delay the appearance of the eryth-

rocytic forms generated by rupture of the 

liver forms (Davies et al. 1989 a). […] 

In the present study in vitro cultures of P. 

berghei liver stages in HepG2 cells were em-

ployed to carry out a quantitative examina-

tion of the influence of 566C80 on exo-eryth-

rocytic development(403).” 

I could not find the full-text of two relevant 

papers: PMIDs: 2489391, 20999490 

ZOLPIDEM 

1992 

From the patent disclosing it: 

“The anxiolytic activity was determined ac-

cording to the eating test. In this test, the 

doses which increases the food consumption 

of the mice vary from 0.1 to 10 mg/kg, ad-

ministered intraperitoneally. […] 

The sedative or hypnotic activity was deter-

mined by observing the action of the com-

pounds on the EEG of curarised rats and also 

on the wake-sleep states in freely moving, 

implanted rats and cats(404).” 

https://drugs.ncats.io/drug/Y883P1Z2LT
https://drugs.ncats.io/drug/7K383OQI23
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GABAPENTIN 

1993 

Analogue of GABA 

“A strategy common to the design of all of 

these compounds was to manipulate the mol-

ecule of GABA so as to increase its lipo-

philicity and thereby allow it to gain access 

to the CNS. This principle was applied in per-

haps its most simple and elegant form in the 

design of anticonvulsant agent gabapentin 

wherein the third carbon atom of GABA is 

incorporated into a cyclohexane ring(405).” 

“Gabapentin is an anticonvulsive medication 

which first discovered in the 1970s in Japan. 

Its original use was as a muscle relaxer and 

anti-spasmodic medication, but later, it was 

discovered the potential of the medication as 

anticonvulsive medication and as an adjunct 

to stronger anticonvulsants(406).” 

CLADRIBINE 

1993 

Analogue of ribavirin 

STRONTIUM CATION SR-89 

1993 

Inorganic 

FENOFIBRIC ACID 

1993 

Analogue of clofibrate(21) 

LODOXAMIDE 

1993 

Analogue of cromolyn(407) 

TORSEMIDE 

1993 

Analogue of furosemide 

https://drugs.ncats.io/drug/6CW7F3G59X
https://drugs.ncats.io/drug/47M74X9YT5
https://drugs.ncats.io/drug/06A33308KH
https://drugs.ncats.io/drug/BGF9MN2HU1
https://drugs.ncats.io/drug/SPU695OD73
https://drugs.ncats.io/drug/W31X2H97FB
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RISPERIDONE 

1993 

From one of the members of the discovering 

laboratory: 

“In stark contrast to the then-prevailing wis-

dom, and igniting a controversy that would 

simmer for decades, we suggested that this 

technology no longer measured the state-de-

pendence of memory. Instead, it provided a 

measurement of the ability of animals to dis-

criminate between the subjective experiences 

induced by one pharmacological treatment as 

opposed to another, and the new technology 

was named Drug Discrimination (DD). 

In a typical DD experiment, rats are initially 

trained to press one of two levers in order to 

obtain food. Thereafter, discrimination train-

ing is instituted; before the session, the ani-

mal is injected with either drug or saline. On 

drug days, pressing only the left lever is re-

warded; on saline days, pressing only the 

right lever is rewarded. After a number of dis-

crimination training sessions, rats learn to 

perceive the ‘subjective’ effects of the drug, 

determine the difference from (that is, dis-

criminate those from) saline injection, and 

choose the appropriate lever. By this lever 

choice, the rats categorically indicate 

whether they received the training drug; in an 

analogy to quantum physics, this categorical 

choice arguably constitutes an elementary 

particle of behaviour(408).” 

“With the DD analysis of partial receptor ac-

tivation in mind, these data led us to the hy-

pothesis that the discriminative effects of 

LSD arise from a low and narrow range of 5-

HT receptor activation. The data also made 

us realise that no available agent was capable 

of adequately blocking LSD’s subjective ef-

fects, and provided the impetus to devise a 

drug discovery strategy that molecular phar-

macology also adopted decades later. We and 

others had long been aware of the 5-HT an-

tagonist activity that DA-antagonist antipsy-

chotic agents also exert, but a ‘clinical corre-

late of this activity in schizophrenia [re-

mained] unknown.’ 

These 5-HT-antagonist properties were 

measured, in vivo, by the agents’ ability to 

counteract tryptamine-induced convulsions 

in the rat, as well as by their in vitro ability to 

displace 3H-spiperone from a binding site 

that had been identified as the 5-HT2 recep-

tor. After initial screening of DA antagonists 

using these latter two assays as measures of 

the 5-HT antagonist activity of DA antago-

nists, the hunt for a pure LSD antagonist 

yielded the first such compound, pirenper-

one. However, the kinetic features of 

pirenperone in humans were found to be in-

adequate, and in 1985 we discovered risperi-

done, a longer-acting benzisoxazole deriva-

tive(408).” 

Regarding the used bioassays, from two ref-

erences cited in the preceding quotation 

which are also affiliated with the discovering 

laboratory (Janssen Pharmaceutica Research 

Laboratories): 

“These conclusions were reached from a 

study of the relative binding affinities of a se-

ries of serotonin or dopamine agonists or an-

tagonists for rat frontal cortex and striatal re-

ceptors. Significant correlations were ob-

tained between the binding activities in the 

https://drugs.ncats.io/drug/L6UH7ZF8HC
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rat frontal cortex and in vivo potencies in the 

pharmacological anti-tryptamine test. Simi-

larly, binding activities in the striatum were 

significantly correlated with the potencies in 

the anti-apomorphine test. We therefore sug-

gest that serotonergic, as well as dopaminer-

gic, receptors are involved in the mechanism 

of action of neuroleptic drugs(409).” 

“The selected compounds belong to different 

chemical classes. They have been studied in 

rats and dogs over a large dose range and at 

different time intervals in a series of stand-

ardized tests, covering a variety of pharmaco-

logical activities. In rats: apomorphine, am-

phetamine, tryptamine, norepinephrine and 

compound 48/80 antagonism; inhibition of 

conditioned reactions and intracranial self-

stimulation; cataleptogenic, palpebral ptosis-

inducing and anticholinergic properties; oes-

trus delay and acute toxicity. In dogs: antag-

onism of apomorphine-induced emesis by 

different routes of administration and inhibi-

tion of conditioned reactions. In these differ-

ent tests, various methods of evaluation were 

applied, but for each test an ‘all or none’ cri-

terion was adopted, according to which less 

than 5 % false positives occurred among the 

control population. Based on these criteria, 

ED50 values and 95 % confidence limits 

were calculated(410).” 

TAZOBACTAM 

1993 

Analogue of clavulanic acid(21) 

PERINDOPRILAT 

1993 

Analogue of captopril(21) 

FENOFIBRATE 

1993 

Analogue of clofibrate(21) 

RIMANTADINE 

1993 

Analogue of amantadine 

DORNASE ALFA 

1993 

“Dornase alfa is a biosynthetic form of hu-

man deoxyribunuclease I (DNase I) en-

zyme(2).” 

GADODIAMIDE 

1993 

https://drugs.ncats.io/drug/SE10G96M8W
https://drugs.ncats.io/drug/2UV6ZNQ92K
https://drugs.ncats.io/drug/U202363UOS
https://drugs.ncats.io/drug/0T2EF4JQTU
https://drugs.ncats.io/drug/953A26OA1Y
https://drugs.ncats.io/drug/84F6U3J2R6
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Contrast agent 

VENLAFAXINE 

1993 

Analogue of fluoxetine 

From the discoverer(s): 

“Identification of an Early Lead (WY-

44362) With the goal of identifying an anti-

depressant drug with a faster onset of action 

we initiated a medicinal chemistry program 

to identify reuptake inhibitors of both 5-HT 

and NE (serotonin/norepinephrine reuptake 

inhibitors, SNRIs). The program evolved 

from investigations into the mixed opiate ag-

onist–antagonist analgesic ciramadol. In an 

effort to simplify the structure of ciramadol 

by removing two of its chiral centers, we 

translocated the hydroxyl group to give WY-

44053. This compound displayed no analge-

sic activity in vivo. Insertion of a methylene 

group to yield WY-44362 (11) likewise re-

sulted in a compound with no analgesic ac-

tivity. However, structural similarities be-

tween 11 and a weak antidepressant agent, 

gamfexine, suggested evaluation of 11 for an-

tidepressant activity. This compound dis-

played both weak SRI and NRI activity in 

vitro and weak antidepressant activity in vivo 

and became the lead structure for optimiza-

tion(142).” 

LORATADINE 

1993 

Analogue of diphenhydramine(21) 

FLUVASTATIN 

1993 

Analogue of lovastatin(21) 

https://drugs.ncats.io/drug/GRZ5RCB1QG
https://drugs.ncats.io/drug/7AJO3BO7QN
https://drugs.ncats.io/drug/4L066368AS
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GRANISETRON 

1993 

Analogue of ondansetron 

Also see the ondansetron entry. 

From the discovery paper: 

From the discoverer(s): 

“As a result sf our experiments, we devel-

oped BRL 43694 (granisetron), a highly po-

tent and selective 5-HT3 receptor antagonist 

and antiemetic agent. Other 5-HT3 receptor 

antagonists (ICS 205-838, GR 38032F), orig-

inally developed for other indications, were 

also shown to have antiemetic proper-

ties(385).” 

From the discovery paper: 

The rationale for the design and selection of 

the compound is not mentioned, yet its effect 

on the following assays are reported(386): 

✓ Isolated gastrointestinal tissues 

▪ guinea-pig ileum 

▪ rat forestomach 

▪ human stomach 

✓ potentiation of electrically evoked con-

tractions caused by 5-HT 

✓ Antagonism by BRL 43694 of 5-HT-

evoked tachycardia in rabbit isolated 

heart 

✓ Antagonism by BRL 43694 of the Be-

zold-Jarisch reflex in anaesthetised rats 

Inhibition of 3H-radiofigand binding to rat 

brain membranes in vitro 

CALCIPOTRIENE 

1993 

A synthetic vitamin D derivative 

From an early paper on using vitamin D in 

psoriasis: 

“The discovery by Dowling, Prosser Thomas 

and Charpy of the treatment of lupus vulgaris 

with high doses of vitamin D2, suggested that 

other skin diseases responsive to heliother-

apy, such as acne and psoriasis, might benefit 

by similar treatment. 

A few cases of indurated acne so treated 

proved disappointing, an initial improvement 

being soon followed by recurrence. 

Psoriasis promised better response. In Amer-

ica Krafka, Ceder and Zon, Brunsting, and 

Clarke, treated psoriasis with vitamin D, 

partly with encouraging results(411).” 

From the discovery paper of the effect of vit-

amin D on lupus vulgaris cited in the previ-

ous quotation: 

“We are presenting these cases of lupus vul-

garis because of their good response to the 

oral administration of calciferol as virtually 

the only form of treatment. We have been 

treating lupus with calciferol since 1943. In-

cluding the six cases shown here to-day, we 

now have records of thirty-eight lupus pa-

tients who are being treated exclusively with 

https://drugs.ncats.io/drug/WZG3J2MCOL
https://drugs.ncats.io/drug/143NQ3779B
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calciferol or being followed up after stopping 

it(412).” 

ENOXAPARIN SODIUM 

1993 

A low molecular weight heparin(2) 

GABAPENTIN ENACARBIL 

1993 

Prodrug of gabapentin 

FELBAMATE 

1993 

“Felbamate is a dicarbamate that is structur-

ally similar to the antianxiety drug meproba-

mate(413).” 

VINORELBINE 

1994 

Analogue of vinblastine 

PEGASPARGASE 

1994 

Modified and pegylated asparaginase(414) 

CYSTEAMINE 

1994 

“In spite of extensive investigations, the pri-

mary defect leading to cystine accumulation 

and renal failure is unknown. The accumula-

tion of free cystine in fibroblasts cultured 

from cystinotic patients has provided a con-

venient in vitro test system for the evaluation 

of methods of lowering the intracellular 

nonprotein cystine content of these cells. Ef-

fective methods include growth in a low-cys-

tine medium, treatment with dithiothreitol 

(DTT), and treatment with ascorbic acid. 

None of these methods has been proved ef-

fective clinically, although DTT treatment 

has been shown to lower the leukocyte 

nonprotein cystine content in vivo. This re-

port shows the effectiveness of certain ami-

nothiols in producing a rapid and complete 

depletion of nonprotein cystine from cysti-

notic fibroblasts without producing apparent 

morphological signs of cytotoxicity. The cys-

tine released is utilized by the cell for GSH 

synthesis. A series of structural analogues of 

the aminothiol, cysteamine (2-aminoethan-

ethiol), have been investigated and allow 

some tentative conclusions on the relative ef-

fectiveness of these compounds in depleting 

cystine from cystinotic fibroblasts. […]  

Known standards included taurine, cysteic 

acid, GSH-NEM, cysteine-NEM, cystine, 

methionine, cysteamine-NEM, the mixed di-

sulfide of cysteamine and cysteine, and cysta-

mine. […] 

At a concentration of 1 mM, cystamine, the 

disulfide of cysteamine, is equally as effec-

tive as cysteamine in producing intracellular 

nonprotein cystine depletion from cystinotic 

fibroblasts. […]  

Table I lists analogues of cysteamine and 

their effect on the intracellular nonprotein 

cystine content of cystinotic cells, along with 

the effect of selected compounds on L-cys-

tine in a simple cell-free chemical 

https://drugs.ncats.io/drug/8NZ41MIK1O
https://drugs.ncats.io/drug/75OCL1SPBQ
https://drugs.ncats.io/drug/X72RBB02N8
https://drugs.ncats.io/drug/Q6C979R91Y
https://drugs.ncats.io/drug/7D96IR0PPM
https://drugs.ncats.io/drug/5UX2SD1KE2


197 

 

reaction(415).” 

NEFAZODONE HYDROCHLORIDE 

1994 

Analogue of trazodone 

DORZOLAMIDE 

1994 

Analogue of acetazolamide 

BUDESONIDE 

1994 

Analogue of cortisone(21) 

TACROLIMUS  

1994 

Analogue of sirolimus 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

LAMOTRIGINE 

1994 

“Discovery and development of lamotrigine 

for bipolar disorder: A story of serendipity, 

clinical observations, risk taking, and persis-

tence […] 

The phenyltriazine lamotrigine was origi-

nally synthesized by scientists at Wellcome 

Laboratories in response to an unmet need for 

antiepileptic drug (AED) treatments with im-

proved safety profiles and wider therapeutic 

indices (Risner,2001). At the time it was first 

synthesized in the early 1980s, no new drugs 

had been successfully developed for the treat-

ment of epilepsy for over thirty years. Based 

on evidence dating from the mid-1960s that 

folate was proconvulsant and the suggestion 

that many AEDs in use at the time were folic 

acid antagonists, a rational drug discovery 

program was initiated with pyrimethamine, a 

drug previously developed for the treatment 

of malaria. Among the series of compounds 

developed, lamotrigine was found to have 

considerable anticonvulsant activity in ani-

mal models, although it ultimately proved to 

be only a weak inhibitor of dihydrofolate re-

ductase. […]  

The early epilepsy clinical trials also pro-

vided a signal of potential clinical utility out-

side of epilepsy, in the form of improved 

mood and communicativeness of patients re-

ceiving lamotrigine treatment. This was rem-

iniscent of earlier observations with other an-

ticonvulsants, especially valproate and car-

bamazepine, which had originally led to the 

suggestion that AEDs might be useful in the 

treatment of bipolar disorder. […]  

The first recorded use of lamotrigine in bipo-

lar disorder, presented at the 1994 annual 

meeting of the American Psychiatric Associ-

ation provides an interesting example of ser-

endipity and clinical observation in drug de-

velopment(416).” 

IOBENGUANE I-131 

https://drugs.ncats.io/drug/27X63J94GR
https://drugs.ncats.io/drug/9JDX055TW1
https://drugs.ncats.io/drug/Q3OKS62Q6X
https://drugs.ncats.io/drug/Y5L2157C4J
https://drugs.ncats.io/drug/U3H27498KS
https://drugs.ncats.io/drug/Q461L7AK4R
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1994 

Radiopharmaceutical 

FLUVOXAMINE MALEATE 

1994 

Analogue of fluoxetine 

ACRIVASTINE 

1994 

Analogue of diphenhydramine(21) 

IMIGLUCERASE 

1994 

Human Beta-glucocerebrosidase or Beta-D-

glucosyl-N-acylsphingosine glucohydro-

lase(2) 

ABCIXIMAB 

1994 

Monoclonal Antibody 

STAVUDINE 

1994 

Analogue of zidovudine(21) 

SALMETEROL 

1994 

Analogue of salbutamol(21) 

FLUDEOXYGLUCOSE F-18 

1994 

Radiopharmaceutical 

TECHNETIUM TC-99M BICISATE 

1994 

Radiopharmaceutical 

DALTEPARIN SODIUM 

1994 

A low molecular weight heparin(2) 

IOPROMIDE 

1995 

Contrast agent 

DEXRAZOXANE HYDROCHLORIDE 

https://drugs.ncats.io/drug/5LGN83G74V
https://drugs.ncats.io/drug/A20F9XAI7W
https://drugs.ncats.io/drug/Q6U6J48BWY
https://go.drugbank.com/drugs/DB00054
https://drugs.ncats.io/drug/BO9LE4QFZF
https://drugs.ncats.io/drug/2I4BC502BT
https://go.drugbank.com/drugs/DB09502
https://go.drugbank.com/drugs/DB09502
https://drugs.ncats.io/drug/H25WJA31XE
https://drugs.ncats.io/drug/12M44VTJ7B
https://drugs.ncats.io/drug/712BAC33MZ
https://drugs.ncats.io/drug/5346058Q7S
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1995 

Contrast agent 

SEVOFLURANE 

1995 

Analogue of isoflurane(269) 

Refer to the isoflurane entry. 

CISATRACURIUM 

1995 

“Chance, coincidence and atracurium […] 

Tubocurarine is now known to have a 

monoquaternary structure, but research in the 

1940s erroneously suggested a bisquaternary 

structure. That error fortuitously focused the 

attention of chemists on compounds with two 

or more quaternary centres, leading to the 

rapid appearance of gallamine, decametho-

nium and then suxamethonium. […]  

With tubocurarine still believed to have a 

bisquaternary structure, literature data on the 

relationship between its stereochemistry and 

potency was anomalous. Investigating this 

problem, the Glasgow team examined two 

simple monoquaternary compounds, l- and d-

laudanosine methiodides, which are structur-

ally related to the component moieties of the 

tubocurarine stereoisomers. […] 

On his arrival in Glasgow in 1952, Professor 

Stenlake had been given responsibility for a 

project to isolate an alkaloid from the tubers 

of a Mediterranean plant. By a strange coin-

cidence, the alkaloid was identified as a sim-

ple benzylisoquinoline quaternary salt 

closely related to the laudanosine 

methiodides. More significantly, the alkaloid 

was easily degraded in mild alkali at ambient 

temperature by the Hofmann elimination 

pathway — which usually requires strong al-

kali (pH 12-14) and high temperature (100C). 

The alkaloid’s easy degradation triggered the 

idea of a new type of neuromuscular blocking 

agent, programmed by its chemical structure 

to undergo Hofmann elimination at physio-

logical pH (7.4) and body temperature 

(37C)(417).” 

It seems that the series was tested using vagal 

and neuromuscular tissues(418): 

“Coincidentally he was also responsible for 

the research into an alkaloid from the tubers 

of a Mediterranean plant. This alkaloid was a 

simple benzylisoquinoline quaternary salt 

and was found to degrade in mild alkali by 

Hofmann elimination, a process which nor-

mally requires a strong alkali and a high tem-

perature. This discovery triggered the idea for 

a new muscle relaxant which would undergo 

Hofmann elimination at physiological pH 

and body temperature. 

Professor Stenlake’s objective was to synthe-

size a bisquaternary compound with compet-

itive action, high potency and selectivity 

which was degraded by Hofmann elimination 

within the body at an appropriate rate. In ret-

rospect these were very specific goals which 

one would imagine posed quite a challenge. 

Stenlake investigated four series of com-

pounds and found a suitable candidate in the 

fourth series, only the eighteenth compound 

they had tested. 18A, as it was known, 

showed promising separation between vagal 

blocking and neuromuscular blocking 

doses(418).” 

From a discovery paper: 

“It is one of a series of non-depolarising neu-

romuscular blocking agents designed to in-

duce ready fragmentation to inactive moieties 

in vivo by a combination of enzymic ester hy-

drolysis and facile base-catalysed 

https://drugs.ncats.io/drug/38LVP0K73A
https://drugs.ncats.io/drug/QX62KLI41N
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degradation of its quaternary ammonium 

groups initiated at physiological pH(419).” 

I could not find an article cited in the previous 

quotation and authored by the discoverer(s) 

which seems to be helpful for obtaining a de-

tailed report of the discovery (PMID: 

6688014). 

ALENDRONIC ACID 

1995 

Analogue of etidronic acid(21) 

IBUTILIDE 

1995 

Analogue of sotalol 

LAMIVUDINE 

1995 

Analogue of zidovudine(21) 

METFORMIN 

1995 

“Its history is linked to Galega officinalis 

(also known as goat’s rue), a traditional 

herbal medicine in Europe, found to be rich 

in guanidine, which, in 1918, was shown to 

lower blood glucose. Guanidine derivatives, 

including metformin, were synthesised and 

some (not metformin) were used to treat dia-

betes in the 1920s and 1930s but were discon-

tinued due to toxicity and the increased avail-

ability of insulin. Metformin was rediscov-

ered in the search for antimalarial agents in 

the 1940s and, during clinical tests, proved 

useful to treat influenza when it sometimes 

lowered blood glucose. This property was 

pursued by the French physician Jean Sterne, 

who first reported the use of metformin to 

treat diabetes in 1957. […] 

The herbal lineage of metformin can be 

traced from the use of Galega officinalis 

(a.k.a. goat’s rue, French lilac, Italian fitch, 

Spanish sainfoin or professor weed) as a tra-

ditional medicine in medieval Europe. Also 

known as Herba rutae caprariae in some 

herbals, G. officinalis was ascribed benefits 

against worms, epilepsy (‘falling-sickness’), 

fever and pestilence in Culpeper’s Complete 

Herbal of 1653, whilst in 1772, John Hill rec-

ommended Galega to treat conditions of 

thirst and frequent urination. In Europe, wild 

G. officinalis was widely recognised as an an-

imal galactagogue from which it gained its 

name (‘Galega’ being derived from the 

Greek for ‘milk stimulant’). The plant was in-

troduced into North America in 1891 and is 

now classed as a noxious weed in many states 

of the USA. Chemical analyses of G. offici-

nalis dating from the mid-1800s found the 

plant to be rich in guanidine and related com-

pounds, especially the immature seed pods. 

In 1918, guanidine was reported to reduce 

blood glucose in animals, and during the 

1920s several mono-guanidine derivatives, 

notably galegine (isoamylene guanidine) and 

https://drugs.ncats.io/drug/X1J18R4W8P
https://drugs.ncats.io/drug/2436VX1U9B
https://drugs.ncats.io/drug/2T8Q726O95
https://drugs.ncats.io/drug/9100L32L2N
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diguanidines, such as synthalin (two guani-

dines separated by a methylene chain), were 

also shown to lower blood glucose in ani-

mals. This led to the introduction of galegine 

and the more potent synthalin in diabetes 

treatment(420).” 

CARVEDILOL 

1995 

Analogue of labetalol(21) 

MOEXIPRILAT 

1995 

Analogue of captopril(21) 

GLIMEPIRIDE 

1995 

Analogue of glyburide(21) 

TRAMADOL 

1995 

Analogue of morphine(21, 421) 

“It is 4-phenyl-piperidine analogue of opioid 

drug codeine. It was discovered and synthe-

sized in 1962 for the first time by German 

company (Grunenthal GmbH) for the treat-

ment of pain while being introduced in the 

market by the name ‘Tramadol’ in 

1977(421).” 

DISODIUM AZELATE 

1995 

“Initial discovery and recognition of the bio-

logical properties and therapeutic potential of 

AA lies firmly to the credit of Marcella Naz-

zaro-Porro, Siro Passi and their associates of 

the San Gallicano Dermatological Institute of 

Rome. Their starting-point was an academic 

interest in skin surface lipids and the patho-

genesis of hypopigmentation in tinea versi-

color. In cultures of the fungus Pityrosporum 

supplemented with unsaturated fatty acids 

with double bonds in the 6-12 position they 

observed that dicarboxylic acids of chain 

lengths C6-C12 were formed and that these di-

carboxylic acids exhibited an ascending gra-

dient of competitive tyrosinase inhibition in 

vitro. This led them to speculate that such di-

carboxylic acids might be used to treat hyper-

pigmentary disorders, and they decided to 

test one of the reasonably soluble dicarbox-

ylic acids with an intermediate range of anti-

tyrosinase activity (namely, AA) clinically.  

The beneficial effect of AA on acne was first 

observed when a number of patients being 

https://drugs.ncats.io/drug/0K47UL67F2
https://drugs.ncats.io/drug/H3753190JS
https://drugs.ncats.io/drug/6KY687524K
https://drugs.ncats.io/drug/39J1LGJ30J
https://drugs.ncats.io/drug/0P4H8NH3UJ
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treated for melasma in Rome reported a coin-

cidental improvement in their ‘spots’. This 

unexpected development was tangential to 

our then-current ideas and plans, but Dr Naz-

zaro-Porro insisted on following it up(422).” 

LOSARTAN 

1995 

I could not locate the full-text of two papers 

describing the discovery of losartan from its 

discoverers: PMIDs: 8583479 and 8583479 

“Targeting ACE to prevent the formation of 

Ang II and subsequent steps leading to hyper-

tension had been more successful by the early 

1980s. The first ACE inhibitor, captopril 

from Squibb, had been approved by the FDA 

in April 1981. It was evidence that interfering 

with RAS could lower blood pressure […] 

Industry attempts over many years had re-

sulted in a few antagonists, peptide analogues 

of Ang II, that were active in vitro, but could 

not be made into drugs. They lacked oral ab-

sorption and had short half-lifes – some of 

just a few minutes. Some even showed ago-

nistic activity 

Chiu’s receptor-binding assay results of the 

Takeda compounds synthesised by Carini 

caused disappointment. They were at odds 

with the patents’ claims. S-8307 and the other 

molecules did bind with the Ang II receptor, 

but extremely weakly […] 

Responsible for testing the Takeda com-

pound in vivo, he injected a large quantity 

(100 mg/kg) of it into a rat. In a human 

weighing 70 kg, it would amount to an intra-

venous dose of 7000 mg. As a comparison, 

losartan taken orally by a human only has 50 

mg of the compound. Taber observed, ‘It was 

like adding the animal to the drug instead of 

adding the drug to the animal’. When Wong 

showed others his results, the immediate re-

action was of dismay at the mistake. How-

ever, Taber, himself a pharmacologist, 

quickly noticed, this time with amazement, 

that although the molecule was extremely 

weak, it was selective. It was evidence of the 

mode of action they were seeking. A drug 

with such selectivity would have the desired 

effect with probably few side effects. As the 

compound was extremely weak, it took a vast 

quantity injected directly into the rat’s blood-

stream to show selectivity […] 

He was unaware that such an amount was un-

acceptably large for drug discovery. Had he 

known that, he would have injected the 

‘right’ (lower) amount. They would not have 

found selectivity and the Takeda compounds 

would have been dropped. […]  

Through personal conversations, one of the 

DuPont scientists later learned that Takeda 

had tried unsuccessfully to increase the po-

tency of their compounds. After a while, they 

gave up and turned their attention elsewhere. 

Given the interest in Ang II receptor antago-

nists, the Takeda compounds were no doubt 

pursued at many other companies. In con-

ducting their tests correctly, they would not 

have found any results of promise. It took a 

mistake to discover selectivity. 

Thrilled by the results, Taber suggested di-

recting discovery efforts at the Takeda lead to 

design compounds that were similarly selec-

tive, but far more potent and which could be 

taken orally. […] 

Carini began synthesising a series of struc-

tural variants of S-8307. […] 

Duncia began by synthesising a couple of 

simple analogues and then moved to com-

puter modelling to take a more rational ap-

proach. He wanted to overlap and compare 

the structures of Ang II and S-8307 to see 

how more potent analogues could be made by 

better mimicking the binding portion of Ang 

II. The chemists now believed S-8307 was 

weak because it was too small compared with 

most of the AngII they believed was involved 

in binding(281).” 

By adding some functional groups, they 

https://drugs.ncats.io/drug/JMS50MPO89
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added the potency 100-fold, but the com-

pound was not orally active. Then they could 

come up with “EXP-7711 that was orally ac-

tive and it was able to lower blood pressure 

for an extended period. However, there was 

no increase in potency. The next series of 

molecules were modifications of EXP-7711 

After synthesising a number of molecules, 

Duncia attached an unusual acidic functional 

group called tetrazole that led to yet another 

10-fold increase in potency. They had losar-

tan. It was March 1986(281).” 

LANSOPRAZOLE 

1995 

Analogue of omeprazole(21) 

DEXLANSOPRAZOLE 

1995 

enantiopure lansoprazole(21) 

CETIRIZINE 

1995 

Analogue of diphenhydramine(21) 

LEVOCETIRIZINE 

1995 

Enantiopure cetirizine 

EPOPROSTENOL 

1995 

Is the same as prostaglandin I2, prostaglandin 

X or prostacyclin(217) 

From the discovery paper: 

“Recently a novel transformation of PGG2 

and H2 to a non-prostaglandin compound 

‘thromboxane A2’ (TXA2) has been reported, 

and a microsomal thromboxane synthetase 

system in blood platelets has been identified 

and characterised Most of the activity associ-

ated with ‘rabbit aorta contracting substance’ 

or RCS is now thougr.t to be due to TXA2. 

TXA2 shares with prostaglandin endoperox-

ides two important biological properties; they 

both contract strips of rabbit aorta, and cause 

platelet aggregation in vitro. 

We have discovered that blood vessel micro-

somes contain an enzyme that transforms PO 

endoperoxides to an unstable principle which 

relaxes some blood vessels and prevents 

platelet aggregation. […] 

Activity of PGs and products of the PG en-

doperoxides was assayed using the cascade 

superfusion technique. Tissues were selected 

from spirally cut strips of rabbit aorta, pulmo-

nary artery, mesenteric artery, coeliac artery 

and vena cava, as well as rat stomach strip, 

rat colon, chick rectum, guinea pig ileum and 

guinea pig tracheal chain. […] 

PGX (100 ng), whether extracted or not, did 

not contract strips of rabbit aorta, pulmonary 

artery or vena cava. PGX relaxed strips of 

rabbit mesenteric and coeliac arteries. PGX 

contracted rat stomach strip, chick rectum, 

guinea pig tracheal chain and guinea pig il-

eum, although its potency was less than that 

of PGH2 or PGG2. Rat colon was not con-

tracted by endoperoxides or by PGX (100 

ng), except after spontaneous decomposition 

of the prostaglandin endoperoxides, when 

there was a 25-40% conversion to PGE- or F-

like substances. 

https://drugs.ncats.io/drug/0K5C5T2QPG
https://drugs.ncats.io/drug/UYE4T5I70X
https://drugs.ncats.io/drug/YO7261ME24
https://drugs.ncats.io/drug/6U5EA9RT2O
https://drugs.ncats.io/drug/DCR9Z582X0
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Aggregation of platelets in 1 ml fresh human 

platelet plasma (PRP) was monitored in a 

Born aggregometer […] 

The lowest anti-aggregatory concentration 

was obtained at concentrations of 0.5-5 ng 

PGX ml-1 PGX was about 30 times more po-

tent than PGE1 and 5-20 times more potent 

than PGD2 as an anti-aggregatory agent 

(423)” 

NISOLDIPINE 

1995 

Analogue of nifedipine(21) 

RILUZOLE 

1995 

“The development of riluzole started in late 

1980s as a free radical scavenger for stroke 

therapy. However, it has not been approved 

for treatment of stroke in the USA or Europe. 

Thereafter, it was repositioned for ALS ther-

apy, but failed in many clinical trials prior to 

its final approval by the US Food and Drug 

Administration (FDA) in 1995.” 

“In the last decade, there has been much in-

terest in the potential role of endogenous or 

exogenous excitotoxins in the etiology of 

ALS, either as a primary pathogenic mecha-

nism, or, more likely, as an aggravating phe-

nomenon hastening irreversible neurodegen-

eration. However, no direct evidence has yet 

been found for an excitotoxic mechanism in 

the etiology of ALS […] 

The recent development of the excitotoxic 

hypothesis to explain the etiology of 

neurodegenerative diseases, such as ALS, has 

given rise to an extremely active research 

field aimed at developing neuroprotective 

drugs that would act by blocking the exci-

totoxic process. These agents have been de-

veloped on the basis that such compounds 

would break the glutamatergic loop that am-

plifies the neurodegenerative process, and 

thus slow down the progression, or limit the 

spread, of neuronal death. […] 

The idea that the mechanism of action of rilu-

zole may involve the blockade of glutama-

tergic transmission originally came from in 

vivo neuropharmacologic studies of the anti-

convulsant profile of this drug. This hypoth-

esis was supported by several studies, which 

showed that riluzole can block the effects of 

exogenous, excitatory amino acids(424).” 

From the in vivo study cited in the previous 

quotation which is also the first report of this 

compound(425): 

“2-Amino-6-trifluoromethoxy benzothiazole 

(PK 26124) prevented convulsions induced 

in rodents by maximal electroshock, inhibi-

tors of the synthesis of γ-aminobutyric acid 

(GABA) and ouabain, but was inactive 

against seizures provoked by GABA antago-

nists, unlike diazepam, chlordiazepoxide, 

phenobarbital and valproic acid. 2-Amino-6-

trifluoromethoxy benzothiazole prevented 

seizures induced by sound stimuli in DBA/2 

mice, postural seizures in E1 mice and sei-

zures induced by photic stimulation in the ba-

boon, Papio papio, at 4 and 8 mg/kg. This 

spectrum of anticonvulsant activity closely 

resembles that reported previously for dicar-

boxylic amino acid antagonists. Indeed, PK 

26124 prevented seizures induced by l-gluta-

mate or by kainate and tremors induced by 

harmaline. In these tests diazepam was inac-

tive (l-glutamate) or as potent as PK 26124 

(kainate, harmaline), whereas it was 10–20 

times more potent than PK 26124 against sei-

zures induced by inhibitors of the synthesis 

of GABA(426).” 

https://drugs.ncats.io/drug/4I8HAB65SZ
https://drugs.ncats.io/drug/7LJ087RS6F
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MYCOPHENOLIC ACID 

1995 

“In any event, the discovery of mycophenolic 

acid can be more correctly dated to 1893 ra-

ther than 1896. 

Gosio’s big step forward was to investigate 

pure fungal cultures growing on Raulin’s so-

lution, a simple, well-defined medium. The 

fungus, a green species of Penicillium, was 

said to be penicillium (sic) glaucum. […] the 

culture medium produced symptoms resem-

bling phenol poisoning in various animals. 

Gosio lamented that he had insufficient ma-

terial to determine whether the iso-

lated+D394 and purified material also pro-

duced poisoning in animals. However, he 

provided evidence for an ‘azione antisettica.’ 

When 50 mg of his compound was dissolved 

in a little soda (‘piccola quantit à di soda’) 

and then added to 5 mL of Löffler’s broth, 

there was an inhibition of the growth of the 

anthrax bacillus; as just indicated, the latter 

was very expressively named as ‘bacilli del 

carbonchio’ (carbuncle bacillus). […] 

MPA has been found to affect many physio-

logical processes, and it is convenient to de-

scribe early investigations prior to about 

1970 at this time. […] When MPA was redis-

covered as an antibiotic, detailed studies in-

dicated that it was more active against Gram-

positive than Gram-negative bacteria and that 

some resistance to the antibiotic developed 

with Staphylococcus aureus. In mice intrave-

nous injection of 1 mg of sodium mycophe-

nolate in water had no toxic effect, 5 mg gave 

‘prolonged sickness,’ and about 10 mg was a 

lethal dose. MPA has sometimes been classi-

fied as a mycotoxin since it does have some 

animal toxicity. […] 

In tests of MPA against saprophytic fungi, 

development of the organisms generally 

tended to be retarded; with fungi pathogenic 

to humans significant growth inhibitions 

were observed. Much later, in 1968, 

Cryptococcus neoformans and Blastomyces 

dermatitidis were shown to be inhibited by a 

low level of MPA, Candida albicans and 

Coccidiodes immitis being less susceptible, 

and Histoplasma capsulatum being least sus-

ceptible. Activity was also observed against 

several Trichophyton species, and the symp-

toms caused by Tricophyton asteroides infec-

tions in guinea pigs were suppressed by 

MPA. 

Beginning in 1968, biological activities were 

discovered in addition to the antibacterial and 

antifungal actions. Broth from growth of a 

strain of Penicillium stoloniferum had antivi-

ral and antitumor properties, and the respon-

sible agent was identified as MPA. The anti-

viral properties were observed at low concen-

trations in a monkey kidney cell line against 

vaccinia, measles, Herpes simplex, and New-

castle disease viruses, but there was no sig-

nificant in vivo activity against vaccinia, Her-

pes simplex, and influenza virus in mice. Oral 

administration of MPA to chickens inhibited 

development of the Rous sarcoma virus and 

to a lesser extent splenomegaly in Friend vi-

rus infected DBA 2 mice. Similarly, MPA 

from an unidentified Penicillium sp. also had 

significant antiviral activity. The in vitro an-

tiviral activity was reversed by guanine, gua-

nosine, GMP, and deoxy-GMP. 

Moreover, MPA inhibited growth of several 

transplantable murine solid tumors. Of par-

ticular note was marked inhibition of the rap-

idly growing and metastasizing Mecca-lym-

phosarcoma tumor. The antitumor activity of 

MPA was confirmed in 1969; however, there 

was no in vivo activity against neurovaccinia, 

Semliki Forest, encephalomyocarditis, and 

mouse sarcoma viruses. More extensive ani-

mal testing and preclinical toxicology were 

carried out in 1972. At the same time clinical 

trials against various cancers with a small 

group of patients showed only a poor re-

sponse.  

Planterose (1969) made the significant 

https://drugs.ncats.io/drug/HU9DX48N0T
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observation that with mouse sarcoma virus, 

MPA appeared to act as an immunosuppres-

sant. Thus, mean spleen weights in 2 week 

old TO mice when the drug dose was started 

for 2 days before infection with virus and 

continued for 2 weeks were as follows: con-

trols, 119; MPA, 215; mercaptopurine, 200; 

methotrexate, 330. Similarly, in the same 

year, Mitsui and Suzuki reported that in mice, 

MPA depressed the immune response to 

sheep erythrocytes and suggested that it 

‘might be a useful immunosuppressive 

agent’(427).” 

BICALUTAMIDE 

1995 

Analogue of flutamide(21) 

SAQUINAVIR 

1995 

From the discoverer(s): 

“It was against this background that we began 

our program to design inhibitors of HIV pro-

tease in the autumn of 1986. From the outset, 

we were particularly intrigued by the notion 

that HIV protease was able to cleave sub-

strates N-terminal to proline residues. Since 

mammalian endopeptidases are unable to 

carry out such cleavages, it seemed likely that 

inhibitors based on this motif would be selec-

tive for the viral enzyme. Such inhibitors 

should not, therefore, cause side effects by in-

hibition of human aspartic proteases. […]  

Roche molecular biologists in Nutley, USA 

and Basle, Switzerland set out to clone, ex-

press and purify the protease and its protein 

substrates. These materials were used to 

establish an assay, to test potential inhibitors 

and also for detailed mechanistic stud-

ies(428).” 

ANASTROZOLE 

1995 

Analogue of letrozole(21) 

ACARBOSE 

1995 

From the discoverer(s): 

“It was our intention to achieve the retarda-

tion of carbohydrate digestion by inhibiting 

the intestinal α-glucosidases. Inhibitors of α-

glucosidases effective against pancreatic e-

amylase and against the sucrase and maltase 

activities of intestinal disaccharidases were 

discovered in culture broths of Actinomy-

cetes, most frequently with strains of the gen-

era Actinoplanes, Ampullariella and Strepto-

sporangium. Various strains were found to 

affect one enzyme activity only; however, 

several strains were able to inhibit two or all 

three enzyme activities mentioned above. 

The inhibitory compounds were isolated 

from a large number of strains and found to 

be either peptides or oligosaccharides(429).” 

The used bioassays for the discovery are not 

mentioned neither in this article nor in an ar-

ticle cited by it regarding their experiments. 

AMIFOSTINE 

1995 

Secondary 

CORTICORELIN OVINE 

https://drugs.ncats.io/drug/A0Z3NAU9DP
https://drugs.ncats.io/drug/L3JE09KZ2F
https://drugs.ncats.io/drug/2Z07MYW1AZ
https://drugs.ncats.io/drug/T58MSI464G
https://drugs.ncats.io/drug/M487QF2F4V
https://drugs.ncats.io/drug/Y124TZ0513
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1996 

Synthetic form of the peptide human cortico-

tropin-releasing hormone (hCRH)(2) 

BRIMONIDINE 

1996 

Analogue of clonidine(21) 

CEFEPIME 

1996 

Analogue of cefalexin(21) 

ALBENDAZOLE 

1996 

Analogue of mebendazole 

PHENYLBUTYRIC ACID 

1996 

Prodrug of phenylacetic acid(2) 

TOPOTECAN 

1996 

Analogue of camptothecin 

“In addition to screening the plants collected 

for various chemical constituents, some ex-

tracts were tested for antibiotic, antitumor, 

and antiviral activity. In 1957, after a visit by 

the late Dr. Jonathan Hartwell from the Can-

cer Chemotherapy National Service Center, 

considered by most natural products scien-

tists to be the pioneer worker in the field of 

plant antitumor constituents, it was agreed to 

send him 1000 ethanolic plant extracts for 

testing for antitumor activity. Almost a year 

later the astonishing result came back that the 

Camptotheca extracts were the only ones to 

have high activity in the CA-755 assay then 

used as one of the standard test sys-

tems(430).” 

“20-(S)-Camptothecin was first discovered 

and isolated by Wall and Wani in 1966 from 

the bark of Camptotheca acuminata Decne., 

or Chinese Happy Tree, during a screening of 

various plant species with the aim to isolate 

novel steroids. They found that this extract 

showed substantial antitumor activity in 

standard in vitro test systems as well as in a 

mouse leukaemia model; this finding was in 

agreement with the use in Traditional Chi-

nese Medicine as a natural remedy against 

cancer(431).” 

FOSPHENYTOIN 

1996 

https://drugs.ncats.io/drug/E6GNX3HHTE
https://drugs.ncats.io/drug/807PW4VQE3
https://drugs.ncats.io/drug/F4216019LN
https://drugs.ncats.io/drug/7WY7YBI87E
https://drugs.ncats.io/drug/7M7YKX2N15
https://go.drugbank.com/drugs/DB01320
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Prodrug of phenytoin 

ZAFIRLUKAST 

1996 

The first leukotriene antagonist to show ac-

ceptable efficacy and safety for FDA ap-

proval was zafirlukast, ICI 204219. Accord-

ing to the discoverer(s), it was an analogue of 

another antagonist that they had previously 

investigated, ICI 198615(432). I could not 

find any document elaborating the steps lead-

ing to the discovery of ICI 198615, yet, these 

are the bioassays whose results were reported 

in the earliest articles describing the action 

and pharmacology of this compound: 

A. In vitro assays: 

✓ “specific binding of [3H]5(S)hydroxy-

6(R)-S-cysteinylglycyl -7(E), 9(E), 

11(Z), 14(Z)-eicosatetraenoic acid 

([3H]LTD4) to receptors on guinea pig 

lung parenchymal membranes and its in-

hibition by ICI 198,615(433)” 

✓ Antagonism of LT-induced contractions 

of guinea pig trachea(434) 

✓ Antagonism of LTD4-induced contrac-

tions of guinea pig lung parenchymal 

strips(434) 

✓ Antagonism of LTC4- and LTD4-induced 

contraction of human Isolated Intralobar 

airway smooth muscle(434) 

✓ Evaluation of receptor selectivity in these 

isolated tissues: Guinea pig trachea, Rat 

aorta, Rat vas deferens, Guinea pig right 

atria, Guinea pig trachea, Rabbit aorta, 

and Guinea pig ileum(434) 

✓ Inhibition of 5-, 12- or 15-Lipoxygenases 

partially purified from guinea-pig poly-

morphonuclear leukocytes, human plate-

lets and soybeans, respectively(435) 

✓ Inhibition of LTD4-induced release of 

TxB2 from chopped guinea pig lung 

B. In vivo assays: 

✓ Antagonism of Aerosol LTD4-Induced 

Bronchopulmonary Effects in a Con-

scious Guinea Pig Model(436) 

✓ Pulmonary Mechanics Studies in Anes-

thetized Guinea Pigs(436) 

✓ Peptide leukotriene-induced increases in 

cutaneous vascular permeability in 

guinea pigs 

✓ Inhibition of ovalbumin antigen-induced 

bronchoconstriction in guinea pigs 

✓ Inhibition of ovalbumin antigen-induced 

mediator release from actively sensitized 

guinea pigs 

TEMOZOLOMIDE 

1996 

From the discovery paper: 

“In this paper, the first describing the activity 

of analogues of mitozolomide, we report on 

the chemical and antitumor properties of a se-

ries of 3-substituted derivatives in which the 

chloroethyl group of mitozolomide has been 

replaced by alkyl groupings, and in particular 

on the methyl analogue of mitozolomide, 

CCRG 81045. […] 

The antitumor activity of 3-alkyl-substituted 

8-carba-moylimidazo[5,1-d]-1,2,3,5-te-

trazin-4(3H)-ones, was estimated in a pri-

mary screen in vivo using the TLX5 lym-

phoma, in a protocol which was identical to 

that which first identified the potent anti-

tumor effect of mitozolomide(437).” 

PENCICLOVIR 

1996 

Analogue of acyclovir 

https://drugs.ncats.io/drug/XZ629S5L50
https://drugs.ncats.io/drug/YF1K15M17Y
https://drugs.ncats.io/drug/359HUE8FJC
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VALSARTAN 

1996 

Analogue of losartan(21) 

NEVIRAPINE 

1996 

From the discoverer(s): 

“The decision to search for nonnucleoside in-

hibitors of HIV-1 RT required that we initiate 

a screening program to identify a structural 

lead. This was based not only on the prefer-

ence to develop a novel structural class but 

also on the pragmatic basis that no suitable 

lead structures were known. […] Thus, it was 

fortuitous that after screening only approxi-

mately 600 random compounds from the 

company sample collection that a pyrido[2,3-

b][1,4]benzodiazepinone was found that was 

weakly active (6 µM) in the HIV-1 RT en-

zyme assay. […]  

A focused screening of the available analogs 

from these four series of related compounds 

suggested that both the pyrido[2,3-

b][1,5]benzodiazepinones and dipyrido[3,2-

b:2’,3’-e] [1,4]diazepinones showed the most 

promise as lead structures, and at this point 

there was no biological or physicochemical 

basis on which to choose one series over the 

other. […]  

The lead optimization process requires that a 

set of criteria be established that are deemed 

essential for the selection of compounds (for 

preclinical and clinical development) with 

the characteristics necessary to achieve the 

therapeutic objective, desired route of 

administration, and so on. For this program 

the HIV-1 RT enzymatic assay was the pri-

mary screen. Active compounds (IC 50 < 1 

µM) in this assay were then tested for their 

ability to block HIV-1 proliferation in cell 

culture, and a direct correlation was quickly 

found between the enzymatic and cellular po-

tencies(438).” 

RITONAVIR 

1996 

Analogue of saquinavir(21) 

INDINAVIR  

1996 

Analogue of saquinavir(21) 

BENTOQUATAM 

1996 

“Bentoquatam is a topical medication in-

tended to act as a shield against exposure to 

the irritating substance urushiol, found in 

plants such as poison ivy or poison oak. 

Bentoquatam contains bentonite, a clay, and 

is only effective as long as the film is visible 

on the skin(2).” 

https://drugs.ncats.io/drug/80M03YXJ7I
https://drugs.ncats.io/drug/99DK7FVK1H
https://drugs.ncats.io/drug/O3J8G9O825
https://drugs.ncats.io/drug/9MG78X43ZT
https://go.drugbank.com/drugs/DB00516


210 

 

IVERMECTIN 

1996 

From the discovery paper: 

“We have found a group of anthelmintic 

agents unrelated to any of the above com-

pounds. They are produced by an actinomy-

cete which was isolated at Kitasato Institute 

from a soil sample collected at Kawana, Ito 

City, Shizuoka Prefecture, Japan. It had been 

sent to Merck Sharp & Dohme Research La-

boratories for testing in the various screening 

programs there. Early tests indicated that 

whole broth was active against Nematospi-

roides dubius in mice over at least an eight-

fold range without notable toxicity. Subse-

quently, the anthelmintic activity was iso-

lated and identified as a family of closely re-

lated compounds. […] 

Anthelmintic assays were performed in mice 

infected with N. dubius. […] 

In early studies, avermectin was determined 

by its anthelmintic activity since it lacked de-

tectable antimicrobial activity. The anthel-

mintic activity was associated with the myce-

lia and absent from the filtrate(439).” 

From the discoverer(s): 

“The biggest single factor leading to the dis-

covery of ivermectin was steadfast reliance 

on empirical principles of drug discovery. 

The antiparasitic efficacy of the chemical 

class was revealed by a process that is part of 

a long tradition and that has many compo-

nents. It represents an approach to drug dis-

covery that is mostly, but not exclusively, 

concerned with the treatment of infectious 

disease. Its core element is the testing not 

only of substances that may reasonably be ex-

pected, on scientific grounds, to possess ther-

apeutic activity, but also (and especially) of 

substances for which no such rationale exists. 

The Value of Casting a Wide Net 

The discovery of ivermectin resulted from 

screening microbial fermentation products 

for antiparasitic activity. The microbes them-

selves were gathered from a wide range of 

sources to enhance the diversification of as-

say input. Among those sources was the Kita-

sato Institute in Tokyo. A group of Kitasato 

scientists, led by Professor Satoshi Omura, 

routinely isolated microorganisms from soil 

by allowing them to grow in laboratory cul-

ture, after which they were tested for activity 

against a variety of other microorganisms. 

Under an agreement with Merck & Co., Inc., 

isolated microbes that were considered unu-

sual in appearance or cultural characteristics 

were dispatched to Merck laboratories in the 

United States. When a batch was sent in 

1974, it was understood by Merck microbiol-

ogists that those isolates had shown little an-

timicrobial activity in the Kitasato tests, and 

that was in accord with the results of routine 

antimicrobial tests done at Merck. In 1975, 

the isolates were transferred from the Merck 

Microbiology Department to the Parasitology 

Department, where they could be tested in a 

new assay that had been devised especially 

for testing microbiological fermentations for 

activity against parasites. One of those iso-

lates, when regrown in the Merck laborato-

ries and tested in the new antiparasitic assay, 

yielded a potent anthelmintic substance. That 

substance (a mixture of abamectin and sev-

eral related structures known collectively as 

avermectins) would be the forerunner of iver-

mectin and, by extension, the macrocyclic 

lactone class of antiparasitic agents. 

The Value of Assay Innovation 

The discovery of ivermectin resulted from as-

say innovation. In the decades following the 

discovery of penicillin, many new antibiotics 

were found by screening fermentation prod-

ucts against microorganisms in vitro. Yet it 

would appear that not a single anthelmintic 

was found by the primary screening of fer-

mentation products against parasitic worms. 

That was presumably because no suitable as-

say then existed. The breakthrough that 

yielded ivermectin was an in vivo assay. 

https://drugs.ncats.io/drug/8883YP2R6D
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Details of the assay have been published. In 

essence, fermentation products were fed to 

worm-infected mice, which were later exam-

ined for evidence that the infection still ex-

isted. The empirical nature of the system is 

abundantly evident: The mice were fed an ar-

bitrary, though standard, amount of food con-

taining an unknown amount of an unknown 

substance that might not be there(440).” 

DONEPEZIL 

1996 

From the discoverer(s) 

“The research on donepezil started in 1983. 

Following research developments on tacrine, 

our group at Eisai Co., Ltd. started to develop 

tacrine derivatives. However, we failed to de-

velop a non-toxic tacrine derivative. Through 

random screening, we encountered an N-ben-

zylpiperazine derivative that was then origi-

nally being synthesized in a study on anti-ar-

terial sclerosis. Our tests showed that the 

anti-AChE activity of the N-benzylpipera-

zine derivative had an IC50 of 12.6 µM in rat 

brain homogenate. This was not very strong 

but the compound’s novel structure was very 

promising. We decided to use the N-ben-

zylpiperazine derivative as the seed com-

pound and synthesized about 700 derivatives 

[…] 

The indanone derivatives were tested for in 

vitro inhibition of AChE. A rat brain homog-

enate was used as the AChE source(441)” 

FOSFOMYCIN 

1996 

It was discovered by using spheroplasting 

method as the primary screen(442). 

“Lederberg observed that protoplasts (later 

called spheroplasts in gram negatives) were 

formed upon treatment of S. typhimurium and 

E. coli with penicillin in the presence of su-

crose and Mg++ under conditions which sup-

ported growth. At Merck, samples, generally 

clarified natural product broths or extracts, 

were added to bacteria in osmotically stabi-

lized medium and cell morphology was ob-

served by direct microscopy after a period of 

several hours. Spheroplasts appear as large 

round refractile bodies(442).” 

OLANZAPINE 

1996 

Analogue of clozapine(21) 

MIRTAZAPINE 

1996 

Analogue of imipramine 

ATORVASTATIN 

1996 

Analogue of pravastatin(21) 

https://drugs.ncats.io/drug/8SSC91326P
https://drugs.ncats.io/drug/2N81MY12TE
https://drugs.ncats.io/drug/N7U69T4SZR
https://drugs.ncats.io/drug/A051Q2099Q
https://drugs.ncats.io/drug/A0JWA85V8F
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TOPIRAMATE 

1996 

From the discoverer(s): 

“Pharmacologist Joe Gardocki and I discov-

ered topiramate (McN-4853) by using stand-

ard in vivo models that are highly predictive 

of clinical efficacy in humans. In fact, com-

pounds with demonstrable activity in the 

Maximal Electroshock Seizure (MES) test in 

mice and rats have been considered to present 

a 95% chance of effectiveness in treating at 

least a sizable subgroup of epileptic patients. 

Since epilepsy is a multifactorial disorder 

with limited understanding about its etiology 

(i.e., the origin of seizures is idiopathic), drug 

discovery in this field has often taken a phe-

notypic route. […] 

Topiramate was first synthesized as a chemi-

cal intermediate for another purpose, in 1979. 

Several grams were submitted to the corpo-

rate compound library, and it was assayed in 

whole animal tests for different potential 

therapies. The MES test was not part of the 

standard stable of animal assays because the 

company had little commercial interest in de-

veloping a medicine for epilepsy. However, 

after reviewing the compound submission 

sheet, Joe became intrigued with the chemi-

cal structure, especially the SO2NH2 moiety, 

and selected topiramate for testing in the 

MES test in mice. The anticonvulsant activity 

became apparent right away(443).” 

“While the discovery of this drug was blessed 

by serendipity, its development was powered 

by determination, hard work, and heavy cap-

ital investment. Topiramate (McN-4853) ac-

tually emanated from a project directed to 

finding an inhibitor of the enzyme fructose-

1,6-bisphosphatase (FBPase) as an antidia-

betic agent. Several grams of synthetic inter-

mediate topiramate were submitted to our 

compound library for pharmacological eval-

uation in animal models. This compound was 

selected on a hunch for anticonvulsant testing 

in the maximal electroshock seizure (MES) 

test in mice and found to be effective(444).” 

MEROPENEM 

1996 

Analogue of imipenem(21) 

CIDOFOVIR  

1996 

Analogue of acyclovir 

ROPIVACAINE 

1996 

Analogue of lidocaine 

INSULIN LISPRO 

1996 

Endogenous-based biopharmaceutical 

https://drugs.ncats.io/drug/0H73WJJ391
https://drugs.ncats.io/drug/768M1V522C
https://drugs.ncats.io/drug/7IO5LYA57N
https://drugs.ncats.io/drug/GFX7QIS1II
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GLATIRAMER ACETATE 

1996 

“GA (also known as Copolymer-1 or Cop-1) 

was discovered serendipitously in the late 

1960s/early 1970s during basic research on 

the immunological properties of synthetic 

polymers/copolymers of amino acids con-

ducted by Teitelbaum et al. of the Weizman 

Institute in an attempt to produce a synthetic 

antigen capable of inducing experimental au-

toimmune encephalomyelitis (EAE), an ani-

mal model of autoimmune inflammatory 

CNS disorders, including MS. Teitelbaum et 

al. hypothesized that synthetic copolymers 

comprising amino acids analogous to those of 

myelin basic protein (found in the CNS and 

thought to act as an autoantigen in MS and in 

EAE) will induce EAE. Contrary to this hy-

pothesis, copolymer mixtures produced were 

not encephalitogenic, but were observed to be 

protective against EAE. In particular, Cop-1 

(heterogeneous mixture comprising L-ala-

nine, L-lysine, L-glutamic acid, and L-tyro-

sine) had the greatest activity against EAE, 

reducing the incidence of EAE, as well as the 

prevalence and severity of histological le-

sions(445).” 

From the discovery paper: 

“Induction of EAE 

Guinea pigs were injected with 10 µg of the 

purified BE in complete Freund’s adjuvant 

into the footpads of the two hind legs. They 

were then observed daily for loss in weight, 

and for the appearance of clinical symptoms 

of the disease, as reflected by paralysis of the 

hind legs. 

Delayed hypersensitivity reactions 

The skin test reactions were carried out on the 

10th or the 11th day after the challenge injec-

tion. […] 

Determination of lactic dehydrogenase 

(LDH) activity 

The level of LDH in the sera of the guinea 

pigs was assayed spectrophotometrically […] 

Histological tests 

The animals were sacrificed after 4 weeks by 

means of nembutal. The brain was taken out 

in its entirety after the skull had been sawn. 

[…] 

Prevention of EAE 

Each animal received 8 repeated intradermal 

injections of 100 µg of the respective poly-

mer in incomplete Freund’s adjuvant (ICFA). 

The material was injected over the back and 

sternum of the guinea pigs twice a week for 

four weeks. Three days after the last injection 

the animals were challenged with 10 µg of 

BE in CFA into the two hind footpads. 

Suppression of EAE 

After the initial challenge with 10 µg of BE, 

two methods of suppression were tried: (1) 

each guinea pig received 6 intradermal injec-

tions of 100 µg each of the respective poly-

mer in incomplete Freund’s adjuvant. The in-

jections were given over the back and ster-

num of the guinea pig, twice a week for three 

weeks starting two days after the initial chal-

lenge. (2) Each guinea pig received three in-

travenous injections of 1 mg each of the re-

spective polymer or protein in saline. The in-

jections were given according to schedules 

mentioned in the text, which differed in the 

various experiments(446).” 

IRINOTECAN 

1996 

Analogue of camptothecin 

https://drugs.ncats.io/drug/5M691HL4BO
https://drugs.ncats.io/drug/7673326042


214 

 

LATANOPROST 

1996 

Analogue of prostaglandin F2 alpha(2) 

“The potential of PGs as therapeutic agents 

for glaucoma was suggested by the discovery 

of the ocular hypotensive effects of topically 

applied endogenous PGs, especially PGF2α 

and PGE2, in cats and monkeys. This was fol-

lowed by several reports of significant IOP‐

lowering effects of PGs in humans, using 

both topical and systemic administra-

tion(447).” 

I could not find a relevant article cited in the 

previous quotation: Zajacz M, Torok M, 

Mocsary P (1976). Effect on human eye of 

prostaglandin and a prostaglandin analog 

used to induce abortion. IRCS Medical Sci-

ence: Clinical Medicine: Library Compen-

dium 4: 316 Chemical Abstracts Accession 

Number 85:72796. 

From a discovery paper cited in the previous 

quotation: 

“It is generally accepted that exogenous or 

endogenous prostaglandins (PGs) can give 

rise to acute increases in intraocular pressure 

(IOP) and to the development of flare and 

other signs of uveitis. It was recently shown, 

however, that low doses of PGE2 and/or 

PGF2a topically applied to rabbit or owl mon-

key eyes significantly reduce IOP. The pre-

sent experiments show that topical applica-

tion of 10 to 500 μg of PGE2 also causes a 

highly significant IOP reduction in cat eyes 

lasting up to 48 hr with little or no 

development of flare or miosis, whereas sim-

ilar application of PGF2a causes, in addition 

to an IOP reduction, the development of pro-

found pupillary constriction. Topical applica-

tion of either PGF2a or PGE2 to the eyes of 

rhesus monkeys also causes significant dose-

dependent reduction in IOP(448).” 

MIDODRINE 

1996 

Midodrine is a prodrug. Desglymidodrine, its 

major bioactive metabolite(2), is a close ana-

logue of the endogenous epinephrine. 

NILUTAMIDE 

1996 

Analogue of flutamide 

LEVOFLOXACIN  

1996 

Levo isomer of the racemic ofloxacin 

https://drugs.ncats.io/drug/6YE7PBM15H
https://drugs.ncats.io/drug/51G6I8B902
https://drugs.ncats.io/drug/RIX4E89Y14
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ADAPALENE 

1996 

Analogue of isotretinoin(449) 

From the discovery paper of adapalene: 

“Retinoids, natural and synthetic analogues 

of vitamin A, play a major role in controlling 

cell proliferation and differentiation. […] 

In this paper, we report the synthesis of naph-

thoic and propenylbenzoic acid derivatives of 

series I and II, respectively and their RARS 

binding affinities and F9 cell-differentiating 

activities. […] 

In the absence of three-dimensional structural 

data on the binding sites of RARs, we de-

signed new target compounds reasoning by 

analogy with arotinoid and the established 

leads, CD 367 and TTNN(449).” 

ACITRETIN 

1996 

Analogue of isotretinoin 

CAPROMAB PENDETIDE 

1996 

Monoclonal Antibody 

OLOPATADINE 

1996 

Analogue of diphenhydramine(21) 

FEXOFENADINE 

1996 

Analogue of diphenhydramine 

AZELASTINE 

1996 

Analogue of diphenhydramine(21) 

PENTOSAN POLYSULFATE 

1996 

Low molecular weight heparin(2) 

IODIXANOL 

1996 

Contrast agent 

https://drugs.ncats.io/drug/1L4806J2QF
https://drugs.ncats.io/drug/LCH760E9T7
https://go.drugbank.com/drugs/DB00089
https://go.drugbank.com/drugs/DB00089
https://drugs.ncats.io/drug/D27V6190PM
https://drugs.ncats.io/drug/E6582LOH6V
https://drugs.ncats.io/drug/ZQI909440X
https://drugs.ncats.io/drug/F59P8B75R4
https://drugs.ncats.io/drug/HW8W27HTXX
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ZILEUTON 

1996 

“The third step in developing clinically use-

ful agents was to discover orally active inhib-

itors. In order to test the oral effectiveness of 

the hydroxamate inhibitors, an assay that 

measured the inhibition of leukotriene for-

mation in vivo was established in our labora-

tories. The assay used was an adaptation of a 

model described by Orange et al. (1968) and 

utilizes rats passively sensitized with rabbit 

antisera to bovine serum albumin. Antigen 

challenge to the peritoneal cavity 3h after 

sensitization triggers the production of large 

amounts of peptidoleukotrienes (predomi-

nantly LTC4 which is rapidly metabolized to 

LTE4) as well as smaller quantities of LTB4. 

This rat peritoneal analphylaxis assay pro-

vided a simple and rapid procedure to meas-

ure the ability of compounds to prevent leu-

kotriene formation in vivo following oral ad-

ministration. Initial studies with a large num-

ber of hydroxamates were disappointing. 

Even compounds as potent as A-61442 were 

ineffective in the rat at relatively high doses, 

although they were active when injected di-

rectly into the peritoneal cavity. Metabolism 

studies indicated that the hydroxamate moi-

ety was being rapidly converted to the inac-

tive carboxylic acid. The first breakthrough 

for the development of orally active com-

pounds occurred when the relative position of 

the hydroxamate to the hydrophobic template 

was inverted. These retro or type B hydrox-

amates showed excellent oral activity in the 

rat. One of the best of these inhibitors was A-

63162 which was found to be a relatively po-

tent leukotriene inhibitor in vitro as well as in 

vivo. […]  

THE DISCOVERY OF ZILEUTON: The 

next major advance in the development of 

orally active 5-lipoxygenase inhibitors at Ab-

bott came from modifying the hydroxamate 

moiety. This was done by replacing the alkyl 

group of the hydroxamate with an amine 

group thus forming N-hydroxyureas. This 

modification provided compounds that had 

excellent pharmacokinetics in the rat and su-

perior potency in inhibiting the production of 

LTE4 in the peritoneal cavity. […] the N-hy-

droxy urea A-64077 (zileuton) was more po-

tent in inhibiting the production of leukotri-

enes in the rat than both BW 755c and A-

63162. […] 

This compound also inhibits bronchospasm 

in the guinea-pig induced by arachidonic acid 

or antigen challenge, neutrophil influx into 

the pleural cavity of rats in an Arthus reac-

tion, and arachidonic acid-induced ear edema 

in the mouse, all via the oral route(450).” 

REMIFENTANIL 

1996 

Analogue of morphine and fentanyl 

Also see the fentanyl entry and refer to Paul 

Janssen’s article cited there. 

DOCETAXEL  

1996 

Analogue of paclitaxel(21) 

https://drugs.ncats.io/drug/V1L22WVE2S
https://drugs.ncats.io/drug/P10582JYYK
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GEMCITABINE 

1996 

Analogue of cytarabine(21) 

BUTENAFINE 

1996 

Analogue of naftifine  

CABERGOLINE 

1996 

Analogue of bromocriptine(21) 

ANAGRELIDE 

1997 

“Initially, on the basis of in vitro investiga-

tions, an anti-aggregating activity on platelets 

was attributed to anagrelide. Thereafter, ex-

periments on humans showed, however, that 

anagrelide under in vivo conditions, had only 

little influence on platelet function but rap-

idly lowered platelet counts. This caused the 

initiation of a series of clinical studies which 

led to the approval(451)” 

TIZANIDINE 

1996 

Analogue of clonidine(21) 

MIGLITOL 

1996 

Analogue of glucose 

TRANDOLAPRILAT 

1996 

Analogue of captopril(21) 

PERFLUTREN 

1997 

Diagnostic 

https://drugs.ncats.io/drug/B76N6SBZ8R
https://drugs.ncats.io/drug/91Y494NL0X
https://drugs.ncats.io/drug/LL60K9J05T
https://drugs.ncats.io/drug/K9X45X0051
https://drugs.ncats.io/drug/6AI06C00GW
https://drugs.ncats.io/drug/0V5436JAQW
https://drugs.ncats.io/drug/RR6866VL0O
https://drugs.ncats.io/drug/CK0N3WH0SR
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PRAMIPEXOLE 

1997 

It was originally synthesized as an analogue 

of apomorphine as a potential antipsychotic 

with agonistic effect on dopamine autorecep-

tors: 

From the discoverer(s): 

“Dopamine (DA) receptor agonists that stim-

ulate the DA autoreceptor in the brain repre-

sent a novel therapeutic approach in the treat-

ment of schizophrenia by reducing the re-

lease of DA presynaptically. Those selective 

DA agonists should be devoid of the unto-

ward dyskinetic side effects of the classical 

neuroleptics. Apomorphine exerts presynap-

tic DA receptor activity. […] 

In order to study the influence of the ex-

change of the catechol subunit of DA ago-

nists for the aminothiazole moiety on presyn-

aptic DA receptor activity, we prepared the 

enantiomers of aminothiazolo analogues 4 

and 5 of apomorphine and aminotetralin, re-

spectively. […] 

Agonistic activity on the presynaptic DA re-

ceptor was determined as previously de-

scribed, by measuring the inhibition of y-bu-

tyrolactone (GBL) induced acceleration of 

DA synthesis in rat corpus striatum (i.e., 

DOPA accumulation in DOPA decarbox-

ylase inhibited rats) and by measuring the uti-

lization of DA in the whole brain of rats fol-

lowing inhibition of tyrosine hydroxylase 

with a-methyltyrosine methyl ester (a-

MT)(452)” 

From a later paper of the discoverer(s): 

“It is generally accepted that schizophrenia is 

associated with hyperfunctioning of dopa-

minergic neurons in the mesolimbic system. 

Based on this hypothesis, all compounds be-

ing developed for antipsychotic treatment are 

aimed at directly or indirectly reducing the 

hyperactivity of these cells. Almost all drugs 

currently available for the treatment of 

schizophrenia are dopamine (DA) receptor 

antagonists, although the severe side-effects 

of most of these compounds limit their thera-

peutic use. Because of this disadvantage, 

which is attributable to the antagonistic mode 

of action of conventional neuroleptic treat-

ments, novel mechanisms have been investi-

gated, e.g. compounds that stimulate DA au-

toreceptors. 

One of the first of these compounds was tali-

pexole (B-HT 920), a substance formerly 

characterized as a central α2-adrenoceptor ag-

onist. The DA autoreceptor agonistic proper-

ties had been revealed by Andén et al., who 

claimed that B-HT 920 was a selective pre-

synaptic DA receptor agonist. Later studies 

on B-HT 920 revealed additional postsynap-

tic agonistic effects; however, these effects 

became evident only in models with presyn-

aptic denervation or degeneration. […] 

We now present the profile of a compound 

which was selected from a number of 2,6-di-

aminotetrahydro-benzothiazoles of which the 

(-)-(S) enantiomers proved the most active. 

Pramipexole (SND 919; 2-amino-4,5,6,7-tet-

rahydro-6-propylamino-benzthiazole-dihy-

drochloride) was tested in a number of in vivo 

and ex vivo models to provide evidence of 

presynaptic and postsynaptic effects on DA 

neurons(453).” 

Among these models were animal models 

with relevance to parkinsonism. When inves-

tigating the postsynaptic activity of 

pramipexole, it was observed that it is effec-

tivity is good enough in these models to indi-

cate its potential also as a drug for Parkin-

son’s Disease. 

In this regard, from a later paper of the dis-

coverer(s): 

“It exerts its agonistic activity at DA autore-

ceptors and postsynaptic DA receptors. 

Pramipexole is presently being evaluated for 

clinical efficacy in Parkinson’s dis-

ease(454).” 

https://drugs.ncats.io/drug/83619PEU5T
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CLOPIDOGREL 

1997 

Analogue of ticlopidine(391) 

Also see the ticlopidine entry. 

From the discoverer(s): 

“In total, more than a thousand ticlopidine 

analogues were synthesized and tested in an-

imals for their antiplatelet and antithrombotic 

effects. Eight of them were developed up to 

phase 1 studies in healthy volunteers and only 

the last one, PCR4099, proved to be clearly 

more active and better tolerated than 

ticlopidine(391).” 

ZOLMITRIPTAN 

1997 

Analogue of sumatriptan(21) 

FOMEPIZOLE 

1997 

“IN INVESTIGATIONS on the interaction in 

vitro between liver alcohol dehydrogenase 

(LADH) prepared from horse liver, and a 

large number of heterocyclic compounds, 

Theorell and Yonetani found pyrazole (m = 

68) to be a most potent inhibitor of LADH. 

[…] Tentative experiments in dogs showed 

pyrazole to be active as an inhibitor of etha-

nol metabolism in vivo(455).” 

TAZAROTENIC ACID 

1997 

Analogue of isotretinoin 

CEFDINIR 

1997 

Analogue of cefalexin(21) 

BECAPLERMIN 

1997 

Endogenous-based biopharmaceutical 

SAMARIUM CATION SM-153 

1997 

https://drugs.ncats.io/drug/A74586SNO7
https://drugs.ncats.io/drug/2FS66TH3YW
https://drugs.ncats.io/drug/83LCM6L2BY
https://drugs.ncats.io/drug/85FDJ14553
https://drugs.ncats.io/drug/CI0FAO63WC
https://go.drugbank.com/drugs/DB00102
https://go.drugbank.com/drugs/DB00102
https://drugs.ncats.io/drug/2128O9F90Y
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TIAGABINE 

1997 

A lipophilic analogue of nipecotic acid to en-

able CNS penetration(21) 

“The antiepileptic drug tiagabine is a lipo-

philic derivative of nipecotic acid. Nipecotic 

acid inhibits GABA reuptake, but does not 

cross the blood brain barrier and is effective 

against seizures in animal models only when 

injected in the cerebral ventricles. Tiaga-

bine’s lipophilic anchor permits the passage 

of nipecotic acid from the systemic circula-

tion across the blood brain barrier to the cen-

tral nervous system(456).” 

Discovery of nipecotic acid: 

“This review describes the development of a 

new class of heterocyclic GABA uptake in-

hibitor using muscimol as a lead structure. 

Muscimol, which is a centrally active constit-

uent of Amanita muscaria, is a GABA ana-

logue, since the 3-isoxazolol nucleus can be 

regarded as a masked carboxyl group. Mus-

cimol is a potent GABA receptor agonist and 

a substrate for the GABA transport carrier(s) 

in rat brain slices. As an attempt to ‘separate’ 

these effects, muscimol has been subjected to 

extensive molecular manipulations. As part 

of these studies the amino group of muscimol 

has been incorporated into additional ring 

structures. This approach led to the develop-

ment of THIP (4,5,6,7-tetrahydroisox-az-

olo[5,4-c]pyridin-3-ol), which is a very po-

tent and specific GABA receptor agonist. The 

related compounds isoguvacine, isonipecotic 

acid, and piperidine-4-sulphonic acid (P4S), 

obtained by replacement of the 3-isoxazolol 

moiety of THIP by carboxyl and sulphonic 

acid groups, are also very potent and specific 

GABA receptor agonists. 

The compounds THPO (4,5,6,7- tetrahydroi-

soxazolo[4,5-c]pyridin- 3-ol) and THAO 

(5,6,7,8-tetrahydro-4H-isoxazolo[4,5-c]aze-

pin-3-ol), on the other hand, are GABA up-

take inhibitors with little or no affinity for the 

GABA receptors. […]  

The cyclic amino acids nipecotic acid and 

guvacine, derived from THPO, are potent 

GABA uptake inhibitors, but in contrast to 

THPO these amino acids interact with both 

glial and neuronal GABA uptake(457).” 

Bioassays in the study of the previous quota-

tion(457): 

✓ “Inhibition of GABA uptake in cultured 

glia cells” 

✓ “Inhibition of GABA uptake in mouse 

brain ‘mini-slices’” 

✓ “Inhibition of GABA uptake in rat brain 

‘mini-slices’” 

✓ “Inhibition of GABA uptake in rat brain 

synaptosomes” 

✓ Inhibition of GABA receptor binding in 

preparations of cerebral cortex mem-

branes from adult rats 

“SEPARATION OF GABA RECEPTOR 

AND UPTAKE AFFINITIES: DESIGN 

OF NIPECOTIC ACID AND GUVACINE 

Muscimol (7), a constituent of the mushroom 

Amanita muscaria, is a very potent GABAA 

agonist, but 7 also is an inhibitor of neuronal 

and glial GABA uptake and a substrate for 

the GABA-metabolizing enzyme GABA 

transaminase. Thiomuscimol (8) shows a 

pharmacological profile similar to that of 7. 

Systematic variation of the structures of 7 and 

8, notably transformation of these 3-isoxazo-

lol and 3-isothiazolol bioisosteres of GABA 

into bicyclic analogues in order to separate 

https://drugs.ncats.io/drug/Z80I64HMNP
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the multiple affinities of these compounds, 

has provided a number of specific GABAA 

receptor agonists and GABA uptake inhibi-

tors. An important step in this drug design 

programme was the synthesis of the enantio-

mers of 4,5-dihydromuscimol (DHM), (S)-

DHM (9) being a selective and highly potent 

GABAA agonist, whereas (R)-DHM (22) 

showed moderately potent inhibitory effect 

on GABA uptake. The key step was, how-

ever, the transformation of 7 into the isomeric 

bicyclic analogues 4,5,6,7-tetrahydro-isoxa-

zolo[5,4-c]pyridin-3-ol (THIP, 14) and 

4,5,6,7-tetrahydroisoxazolo[4,5-c]pyridin-3-

ol (THPO,19), 14 being a potent and specific 

GABAA agonist and 19 a specific GABA up-

take inhibitor showing some selectivity for 

the glial transport system. The 3-isothiazolol 

THIP analogue, Thio-THIP (15), on the other 

hand, is a weak GABAA agonist at spinal 

GABAA receptors but an antagonist at brain 

GABAA receptors(458).” 

NELFINAVIR 

1997 

Analogue of saquinavir(21) 

ALBUMIN HUMAN 

1997 

Endogenous-based biopharmaceutical 

RITUXIMAB 

1997 

Monoclonal Antibody 

QUETIAPINE 

1997 

Analogue of clozapine(21) 

IMIQUIMOD 

1997 

“The imidazoquinoline class of TLR-7 ago-

nists was discovered somewhat fortuitously 

at 3M Pharmaceuticals. The original program 

was directed toward finding inhibitors of her-

pes virus replication that were based on the 

known anti-herpes adenine derivative. A se-

ries of adenine analogs based on the imidaz-

oquinoline structures 6 and 7 were synthe-

sized and found to inhibit replication of her-

pes virus in a mouse model of infection, but 

had no direct antiviral activity in vitro. The 

antiviral activity of these compounds in vivo 

was determined to result from induction of 

IFN-α by a specific mechanism that was un-

known at the time. The in vitro assay used for 

subsequent compound optimization was 

based on IFN-α induction in human PBMCs. 

Ultimately this class of compounds was vali-

dated to act as agonists of TLR-7, which is 

consistent with their IFN-induction prop-

erty(459).” 

“Imiquimod was first noted in a programme 

screening for antiherpes virus activity in the 

1980s. The slight toxicity of the drug series 

produced a slight reduction in herpes cyto-

pathology in Vero cell cultures sufficient for 

compounds to be tested further in a guinea-

pig model. Here, complete protection against 

herpetic lesions was observed. In fact all the 

antiviral effects of imiquimod were subse-

quently shown to be a consequence of its 

https://drugs.ncats.io/drug/HO3OGH5D7I
https://drugs.ncats.io/drug/ZIF514RVZR
https://go.drugbank.com/drugs/DB00073
https://go.drugbank.com/drugs/DB00073
https://drugs.ncats.io/drug/BGL0JSY5SI
https://drugs.ncats.io/drug/P1QW714R7M
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ability to induce pro-inflammatory cytokines 

driving Th1 immune responses(460)” 

IRBESARTAN 

1997 

Analogue of losartan(21) 

TAMSULOSIN 

1997 

“R&D toward tamsulosin was not originally 

designed to create a dysuria drug. Instead, the 

original project was a new application of an 

already-known compound, which was ex-

plored and developed as an antihypertensive 

drug. After the potential of the compound to 

act as a drug for dysuria was recognized, im-

provement and commercialization in that di-

rection were made […] 

Takenaka played a key role in these studies 

wherein he focused on the effects of sus-

pected sympatholytic drugs in dogs and rats. 

[…] In brief, the compound was administered 

to the animal and vasoconstriction was mon-

itored in the search for new antihypertensive 

drugs. It was through these studies that Ya-

manouchi developed the β-blocker indenolol 

(Prusan) in 1968 and formoterol (Atock) for 

bronchial asthma in 1972(461)” 

From the discovery paper: 

“More recently, we have synthesized the op-

tical isomers of amosulalol and found the (+)-

isomer to be one log unit order more potent 

and less potent than the (-)-isomer in block-

ing α1- and β1-adrenoceptors, respectively. 

The finding stimulated us to synthesize the 

desoxy derivatives of amosulalol and its 

analogues to obtain more potent α1-adreno-

ceptor antagonists devoid of β1-adrenoceptor 

blocking activity, since prazosin, a selective 

α1-adrenoceptor antagonist, is useful for the 

treatment of congestive heart failure in which 

6-adrenoceptor blockade is considered to be 

contraindicated. This paper describes α1- and 

β1-adrenoceptor blocking activities of the op-

tical isomers of amosulalol and nine newly 

synthesized desoxy compounds derived from 

amosulalol and its analogues. The sul-

famoylphenethylamines reported here were 

found to be a structurally new type of ex-

tremely potent α1-adrenoceptor antago-

nists(462).” 

The bioassays used in the discovery paper for 

investigating the synthesized series(462): 

✓ “α1-Adrenoceptor blocking activity was 

assessed by antagonism of the increase in 

mean blood pressure induced by (-)-phe-

nylephrine in pentolinium-treated rats 

anaesthetized with urethane” 

✓ “β1-Adrenoceptor blocking activity was 

assessed by antagonism of the increase in 

heart rate induced by (-)-isoprenaline in 

reserpinized rats anaesthetized with pen-

tobarbitone sodium” 

✓ The cardiovascular effects were exam-

ined in anaesthetized dogs 

Regarding testing tamsulosin for BPH, from 

the discoverer(s): 

“Classical pharmacology in drug discov-

ery The discovery of tamsulosin 

The discovery of tamsulosin: In about 1975, 

in their small-scale clinical study, Caine et al. 

reported that phenoxybenzamine, an α-adre-

noceptor (αAR) antagonist, was effective in 

treating symptomatic BPH. At that time 

αARs were pharmacologically classified into 

two subtypes, α1 and α2. At about the same 

time it was discovered that the αAR that con-

trols the contraction of the human prostatic 

smooth muscles was the α1-subtype. […] 

https://drugs.ncats.io/drug/J0E2756Z7N
https://drugs.ncats.io/drug/G3P28OML5I
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[I]chloroisoproterenol, the first β-adrenocep-

tor antagonist, was synthesized by chemi-

cally modifying the b-receptor agonist, iso-

proterenol. To obtain a new α1-antagonist, we 

used a similar approach in drug design by 

synthesizing and screening many derivatives 

of noradrenaline, an α1-agonist. From among 

these derivatives a potent and selective α1-an-

tagonist, tamsulosin, was discovered. […] 

Tamsulosin was investigated to discern the 

mechanism of its therapeutic action. An 

anaesthetized-dog model was used to investi-

gate the α1-blocking activity of tamsulosin in 

the lower urinary tract and blood vessels. 

Phenylephrine, an α1-agonist, was used to in-

crease intraurethral pressure and blood pres-

sure, and the inhibitory effect of tamsulosin 

measured. Tamsulosin shifted the dose–re-

sponse curve for phenylephrine to the right in 

both the urethra and blood vessels. However, 

the inhibition of phenylephrine-induced pres-

sure elevation by tamsulosin was more pro-

nounced in the urethra than in blood vessels. 

This suggested that the α1-blocking activity 

of tamsulosin is more selective for the urethra 

than for vascular endothelium(463).” 

BROMFENAC SODIUM 

1997 

Analogue of indomethacin 

REPAGLINIDE 

1997 

“Treatment of type 2 diabetes with SUs is as-

sociated with a number of problems. These 

include hypoglycemic episodes, secondary 

failure, and possible cardiovascular side ef-

fects. In attempts to overcome these prob-

lems, several novel antidiabetic compounds 

are currently in development, among them 

repaglinide, (S)-(+)-2-ethoxy-4[2-[[3-me-

thyl-1-[2-(1-piperidinyl)-phenyl]-bu-

tyl]amino]-2-oxo-ethyl] benzoic acid (AG-

EE 623 ZW), which is structurally distinct 

from the traditional SUs but shows some 

chemical resemblance to the nonsulfonylurea 

moiety of the glibenclamide molecule(464)” 

“One such approach involved the study of a 

series of benzoic acid derivatives. However, 

meglitinide (HB699), as the lead compound, 

displayed only weak hypoglycaemic activity 

when compared to the most potent sulpho-

nylureas exemplified by glibenclamide or gli-

pizide. Within another series of benzoic acid 

derivatives, the racemic AG-EE 388 ZW and 

moreover its S-enantiomer AG-EE 623 ZW 

(=repaglinide) were found to be potent hypo-

glycaemic compounds when tested in vivo or 

in isolated pancreatic islets. Repaglinide, cur-

rently undergoing phase III clinical trials, 

represents one of the most potent antidiabetic 

compounds of this series described so far. 

Like the sulphonylureas, repaglinide is an in-

sulinotropic agent, as evidenced by in vitro 

studies with mouse and rat pancreatic islets. 

Similar to the sulphonylureas, repaglinide 

also inhibits adenosine 5’-triphosphate 

(ATP)-sensitive potassium channels thus 

leading to an increase in intracellular Ca 2+ 

concentration(465).” 

FENOLDOPAM 

1997 

“The first significant D-1 selective agonist 

identified in our laboratories was SK&F 

38393, which was orally active and was both 

a dopaminergic renal vasodilator and a cen-

tral dopamine agonist. It was the first exam-

ple of a D-1 agonist that does not have D-2 

agonist activity(466).” 

“Benzazepines - A novel series of 

https://drugs.ncats.io/drug/8ECV571Y37
https://drugs.ncats.io/drug/668Z8C33LU
https://drugs.ncats.io/drug/INU8H2KAWG
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dopaminergic agonists has been developed. 

The parent compound 17 (SKF 38393) is 

about one-tenth dopamine as a renal vasodi-

lator in the anesthetized dog. When adminis-

tered ip, causes diuresis and natriuresis in 

rats. Although it is long acting and has mini-

mal adrenergic effects, 17 produces sub-max-

imal decreases in renal vascular resistance 

(RVR) and increases in RBF compared to do-

pamine. The renal depressor effects of 11 and 

dopamine are additive(467).” 

From the discoverer(s), regarding the discov-

ery of fenoldopam itself: 

“Previous studies from our laboratories have 

described the central and peripheral activity 

of a novel dopaminergic agonist, SK&F 

38393. For example, SK&F 38393 increases 

RBF and decreases RVR in anesthetized dogs 

and in anesthetized normotensive and hyper-

tensive rats. However, the decreases in RVR 

and increases in RBF produced by SK&F 

38393 are submaximal, relative to dopamine. 

The renal hemodynamic activity of SK&F 

38393 in the dog is inhibited by bulbocapnine 

and in a competitive manner by metoclo-

pramide, indicating involvement of a dopa-

minergic mechanism. SK&F 38393 also 

stimulates dopamine-sensitive adenylate 

cyclase in homogenates of rat caudate, as a 

partial agonist, and causes contralateral rota-

tion in rats with unilateral 6-hydroxydopa-

mine-induced lesions of the substantia nigra. 

However, in contrast to other dopamine ago-

nists, SK&F 38393 does not inhibit prolactin 

release. 

Several new 3-benzazepines were synthe-

sized with the objective of obtaining en-

hanced selectivity and potency for activating 

renal vascular dopamine receptors, but with 

no central dopaminergic activity after sys-

temic administration. Of these compounds, 

SK&F 82526, was chosen for further study, 

since it is several times more potent than do-

pamine as a renal vasodilator, is relatively 

selective for the kidney and apparently does 

not cross the blood-brain barrier(468).” 

From the discoverer(s), regarding the discov-

ery of the lead compound, SKF 38393: 

“In addition to its vasodilator properties, do-

pamine is a potent α-receptor agonist and also 

stimulates β-receptors (β1) in the heart, par-

tially via an indirect action to release endog-

enous norepinephrine. Because of this multi-

plicity of actions, other stimulants of periph-

eral vascular dopamine receptors, particu-

larly of a new chemical class, may be useful 

in order to better define and explore the phys-

iological events associated with activation of 

these receptor sites. This paper describes ini-

tial studies with such a new dopamine recep-

tor agonist, SK& F 38393 (2,3,4,5-tetrahy-

dro-7,8-dihydroxy-l-phenyl-lH-3-benzaze-

pine)(469).” 

Bioassays reported in this discovery pa-

per(469): 

✓ Cardiovascular profile in anesthetized 

mongrel dogs of either sex surgically pre-

pared for direct measurement of aortic 

blood flow (cardiac output), left renal 

blood flow, mean arterial blood pressure 

and heart rate 

✓ Receptor specificity studies in dogs: 

“In a control study, 4 dogs received 100 

µg/kg of SK & F 38393 in each of 3 

rapid i.v. injections, spaced approxi-

mately 1h apart. This dose of SK & F 

38393 was selected from a dose re-

sponse curve (1-1000 µg/kg) obtained 

in 6 other dogs where it produced a near 

maximal renal dilator response for this 

drug. Saline was infused for 10 min 

prior to the second and third SK & F 

38393 injections to simulate drug (an-

tagonist) infusion periods in subsequent 

testing(469).” 

✓ Rat diuretic studies: 
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“Male Charles River rats weighing 175-

200g were fasted for 24 h and deprived 

of drinking water for the last 30 min. 

They were then dosed i.p. with SK & F 

38393, 1.6-25 mg/kg in saline and 

placed in metabolism cages for a 30-

min urine collection(469).” 

TOREMIFENE 

1997 

Analogue of tamoxifen 

RALOXIFENE 

1997 

Analogue of tamoxifen 

LETROZOLE 

1997 

“To improve on fadrozole, Novartis synthe-

sized a series of new compounds. Structure-

activity relationship studies were then per-

formed to identify the most potent AI [Aro-

matase Inhibitor] from a series of benzyl-

azole derivatives of fadrozole. The third-gen-

eration AI letrozole (Femara®) was the result 

of this structure-activity approach to drug de-

sign and achieved the research goal of creat-

ing a highly potent and totally selective Aro-

matase Inhibitor. These compounds were 

also used to design pioneering molecular 

modeling techniques used to map the active 

site of aromatase. Other third-generation 

Aromatase Inhibitors developed during this 

period were the nonsteroidal agents vorozole 

(since discontinued) and anastrozole(470).” 

In discovery of letrozole, both in vitro and in 

vivo bioassays were used to guide towards the 

optimal activity: 

From the discovery paper of letrozole: 

✓ “Inhibition of human placental aroma-

tase in vitro 

The microsomal fraction of fresh hu-

man term placenta was obtained using 

the method described by Thompson and 

Siiteri. The assay procedure for the de-

termination of IC50 values was carried 

out as described previously. Briefly, in-

cubations contained [4-14C]andros-

tenedione, excess NADPH, microsomal 

protein and varying concentrations of 

inhibitor in phosphate buffer in a final 

volume of 1 ml. The incubation was 

carried out at 37°C. The reaction was 

started by the addition of enzyme and 

stopped after 20 min by addition of di-

ethyl ethyl. […] 

✓ Inhibition of aromatase in vivo 

The assay is based on the inhibition of 

the androstenedione-induced uterine 

hypertrophy in immature female 

rats(471).” 

Discovery of fadrozole: 

It was discovered via SAR studies in both in 

vitro enzyme-based and in vivo animal as-

says. 

From the discovery paper of fadrazole: 

https://drugs.ncats.io/drug/7NFE54O27T
https://drugs.ncats.io/drug/YX9162EO3I
https://drugs.ncats.io/drug/7LKK855W8I


226 

 

“A new class of potent, selective, nonsteroi-

dal inhibitors of aromatase have been discov-

ered. The most potent member of this series 

is fadrozole hydrochloride, CGS 16949 A 

[…] 

Structure-Activity Relationships 

1. Effect of the Aromatic Side Chain and 

Substituents. The original activity of N-(4-

cyanobenzyl)imidazole (9) suggested that a 

lipophilic substituent on the aromatic ring 

was important for potent inhibition of placen-

tal aromatase. […] 

Furthermore the choice of the aromatic sub-

stituent influenced both the in vitro enzyme 

inhibition […] 

The 4-cyano and 4-bromo derivatives 26a 

and 26b proved to be the most potent inhibi-

tors of the enzyme and more importantly their 

in vitro enzyme inhibitory activity was a reli-

able predictor of their in vivo potency. Other 

electron-withdrawing groups in the aromatic 

ring led to compounds with inhibitory activ-

ity in the 10 nM range in vitro. However, 

their in vivo potency tended to be signifi-

cantly weaker. In general, it appears that hy-

drophilic electron-withdrawing para substitu-

ents are less effective in vivo. The more hy-

drophilic acid derivative 26e was effective 

neither in vitro nor in vivo. 

2. Effect of Ring A Size and Flexibility. […] 

Both tetrahydroimidazo[l,5-a] pyridine and 

6,7-dihydropyrrolo[1,2-c]imidazole proved 

to be approximately 1 order of magnitude 

more potent than their uncyclized progenitor 

9. This in vitro superiority correlated to an 

improved in vivo potency(472).” 

Used bioassays(472): 

✓ In Vitro: Aromatase Tritiated Water As-

say (Method 1) 

✓ In Vitro: Product Isolation Assay For 

Aromatase Activity (Method 2) 

✓ “In Vivo: Ovarian Estrogen Assay. 

Twenty-one-day-old female rats were in-

jected (sc) with 10 IU of pregnant mare 

serum gonadotropin (PMSG). Two days 

later, the same rats were injected (sc) with 

30 IU of hCG and, 24 h later, treated with 

either propylene glycol or the aromatase 

inhibitor in propylene glycol. One hour 

later, all of the rats were treated subcuta-

neously with 2.25 mg of androstenedione 

(A) in 0.1 mL of sesame oil. Four hours 

after the injection of A, the rats were 

killed. Their ovaries were freed of adher-

ing tissue and stored at -40 ºC prior to 

measuring their estrogen content(472).” 

ROPINIROLE 

1997 

From the first paper reporting the synthesis 

and dopamine-agonist activity of ropinirole 

(1c): 

“4-[2-(Di-n-propylamino)ethyl]-2(3H)-indo-

lone (SK&F 101468) is a potent and selective 

prejunctional dopamine receptor agonist. It 

caused a dose-related inhibition of the con-

strictor response to electrical stimulation in 

the isolated perfused rabbit ear artery (EC50 = 

100 nM), and this response was antagonized 

by (S)-sulpiride (KB = 7 nM). Compound 1c 

did not stimulate or block dopamine-sensitive 

adenylate cyclase and did not produce stimu-

lation of the central nervous system in rats. It 

was prepared from (2-methyl-3-nitro-

pheny1)acetic acid in a multistep sequence 

based on the Reissert indole synthesis. […] 

We recently described2 two phenolic indo-

lone derivatives, 1a and 1b that exhibited po-

tent prejunctional dopamine agonist activity 

as determined in the isolated perfused rabbit 

ear artery (REA) assay. Compound 1b was 

unusually potent in this assay with an EC50 of 

1.8 h 0.3 nM (N = 10) compared to an EC50 

of 110 f 20 nM for N,N-di-n-propyldopa-

mine. We have continued our investigations 

of the indolones with the objective of identi-

fying active and selective nonphenolic 

prejunctional agonists for use in the treatment 

of cardiovascular disorders. In this paper, we 

https://drugs.ncats.io/drug/030PYR8953
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report the synthesis and initial biological 

evaluation of 1c, the des-OH derivative of lb. 

[…] 

Biology. Surprisingly, 1c (EC50 = 100 nM) 

and N,N-di-n-propyldopamine were essen-

tially equipotent in inhibiting the constrictor 

response to electrical stimulation in the REA 

preparation. […] 

Compound 1c did not stimulate or block the 

dopamine-sensitive adenylate cyclase in ho-

mogenates from the rat caudate at concentra-

tions up to l0-4 M. Unlike apomorphine it did 

not increase confinement motor activity 

(CMA) upon intraperitoneal administration 

to conscious rats but actually produced some 

depression of CMA at high doses (>1 mg/kg). 

At doses up to 1 mg/kg (ip) 1c also did not 

potentiate hexobarbital-induced sleep time in 

the rat. These results indicate that 1c does not 

produce the central behavioral effects often 

seen with dopamine agonists. 

Compound 1c has been selected for further 

characterization, and a full account of its 

pharmacology and the SAR of a series of in-

dolones related to it will be published at a 

later date(473).” 

MODAFINIL 

1998 

“The history of modafinil dates back to 1974 

in France. While they were screening mole-

cules in search of analgesics two chemists, 

Gombert and Assous, from L. Lafon Ltd, a 

pharmaceutical company, identified a new 

molecule [benzhydryl sulfinyl-2 acetohy-

droxemic acid], called adrafinil. This mole-

cule was later passed on to two pharmacolo-

gists, Duteil and Rambert, also from L. 

Lafon, Ltd. The intraperitoneal injection of 

adrafinil in male mice of the NMRI strain 

caused a significant dose-dependent increase 

in motor activity without exhibiting periph-

eral sympathomimetic effects. 

As early as 1977-78, Michel Jouvet, working 

in the Clinical Neurophysiology Unit of the 

Neurological Hospital in Lyon, prescribed 

adrafinil to narcoleptic patients(474).” 

ARMODAFINIL 

1998 

Enantiopure modafinil 

RISEDRONIC ACID 

1998 

Analogue of etidronic acid(21) 

NARATRIPTAN 

1998 

Analogue of sumatriptan 

5’-DEOXY-5-FLUOROCYTIDINE 

1998 

Analogue of cytarabine 

https://drugs.ncats.io/drug/V63XWA605I
https://drugs.ncats.io/drug/V63XWA605I
https://drugs.ncats.io/drug/V63XWA605I
https://drugs.ncats.io/drug/KM2Z91756Z
https://drugs.ncats.io/drug/QX3KXL1ZA2
https://drugs.ncats.io/drug/8RWB05I6ON
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CELECOXIB 

1998 

Analogue of indomethacin 

“Cyclooxygenase 2 (COX-2) was discovered 

in 1991 and the first lead inhibitors were de-

scribed in 1992. A mere seven years later, the 

first examples of selective inhibitors are on 

the market. This remarkably fast drug discov-

ery and development effort did not happen in 

a vacuum but took advantage of a solid base 

of medicinal chemistry and clinincal experi-

ence related to non-steroidal anti-inflamma-

tory drugs (NSAIDs). […] 

Enormous effort was expended in the devel-

opment of NSAIDs between the 1960s and 

1980s so there were numerous 

pharmacophores to test when COX-2 was 

discovered. The first breakthrough came with 

reports that the diarylheterocycle DuP697 

and the acidic sulfonanilide NS398 were anti-

inflammatory but non-ulcerogenic; once it 

was demonstrated that they were COX-2-se-

lective inhibitors, the race was on to convert 

them into structurally related clinical candi-

dates. The COX-2 inhibitors currently on the 

market, Celebrex and Vioxx, are descendants 

in the diarylheterocycle lineage(475).” 

From the article cited in the previous quota-

tion as the discovery report of DuP697, the 

first lead of COX-2 inhibitors: 

“DuP 697 (5-bromo-2[4-fluorophenyl]-3-[4-

methylsulfonylphenyl]-thiophene) is a potent 

inhibitor of paw swelling in nonestablished 

and established adjuvant arthritis in rats. DuP 

697 had no effect on phenylquinone writhing 

in rats, but was analgetic against inflamma-

tion-related pain in the Randall-Selitto assay 

and was a very potent antipyretic agent. The 

drug was not ulcerogenic in rats at single 

doses up to 400 mg/kg. DuP 697 did not alter 

renal blood flow or the renal vascular re-

sponse to angiotensin II in furosemide-pre-

treated, volume-depleted rats. In contrast, in-

domethacin decreased renal blood flow and 

potentiated the renal vascular response to an-

giotensin II in these animals. DuP 697 was a 

moderate inhibitor of bull seminal vesicle 

prostaglandin (PG) synthesis and a potent in-

hibitor of rat brain PG synthesis but was in-

effective against rat kidney PG synthesis. 

These differential effects of DuP 697 on PG 

synthesis by various tissues may account for 

its high potency as an anti-inflammatory and 

antipyretic agent and its minimal toxicity 

profile. DuP 697 (5-bromo-2-[4-fluoro-

phenyl]-3-[4-methylsulfonylphenyl]-thio-

phene, is an anti-inflammatory drug with ex-

ceptional gastrointestinal safety in rats. In ad-

dition, DuP 697 may prove to be renal spar-

ing inasmuch as it does not inhibit rat kidney 

PG synthesis or does it alter RBF in furo-

semide-pretreated, volume-depleted rats. In 

https://drugs.ncats.io/drug/JCX84Q7J1L
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this paper, an overview of the in vivo anti-in-

flammatory and safety profile of the drug will 

be presented and compared to piroxicam 

which is given once per day (anticipated clin-

ical schedule for DuP 697) and indomethacin 

and sulindac, NSAID reported to be ne-

phrotoxic and renal sparing, respectively. 

Most of the studies were performed in rats or 

their tissues to help define tissue selectivity 

for cyclooxygenase in one species. The 

mechanism of action of DuP 697 appears to 

be inhibition of PG synthesis in selected tis-

sues including the brain(476).” 

EFAVIRENZ 

1998 

Analogue of nevirapine 

ABACAVIR 

1998 

Analogue of zidovudine(21) 

ETANERCEPT 

1998 

“Dimeric fusion protein consisting of the ex-

tracellular ligand-binding portion of the hu-

man 75 kilodalton (p75) tumor necrosis 

factor receptor (TNFR) linked to the Fc por-

tion of human IgG1(2).” 

RIZATRIPTAN 

1998 

Analogue of sumatriptan(21) 

THALIDOMIDE 

1998 

“Thalidomide was originally synthesised by 

Ciba in 1952: it was found to have no effect 

on animals and was discarded. In 1957 it was 

acquired by Chemie-Grunenthal in Germany. 

Further tests were carried out in animals, and 

in 1958 it was marketed as an anticonvulsant 

for the treatment of epilepsy in humans. It 

was of limited value for this purpose, but it 

was found to be effective at inducing 

sleep(477).” 

“Thalidomide was synthesised in 1954 by the 

CIBA pharmaceutical company, and pre-

scribed as a sedative, tranquiliser, and antie-

metic for morning sickness. Chemically sim-

ilar to barbiturates, the drug became a popu-

lar sedative, marketed under at least 37 names 

worldwide […] 

Interest in thalidomide resurfaced in 1965 af-

ter, by chance discovery, it was found to be 

beneficial in erythema nodosum leprosum, a 

vasculitic complication of leprosy character-

ised by painful subcutaneous nodules, fever, 

and other constitutional symptoms(478).” 

“Thalidomide’s resurgence came about from 

the serendipitous discovery in 1964 of its sur-

prising activity against a cutaneous 

https://drugs.ncats.io/drug/JE6H2O27P8
https://drugs.ncats.io/drug/JE6H2O27P8
https://drugs.ncats.io/drug/WR2TIP26VS
https://drugs.ncats.io/drug/WR2TIP26VS
https://go.drugbank.com/drugs/DB00005
https://drugs.ncats.io/drug/51086HBW8G
https://drugs.ncats.io/drug/51086HBW8G
https://drugs.ncats.io/drug/4Z8R6ORS6L
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complication of leprosy called type 2 reaction 

or erythema leprosum nodosum 

(ENL)(479).” 

SILDENAFIL 

1998 

From the discoverer(s)(480): 

“In early clinical studies performed in 1991 

and 1992, sildenafil was found to have simple 

linear pharmacokinetics, and also some vaso-

dilatory activity, and was shown to modestly 

lower the blood pressure in healthy volun-

teers. The magnitude of the vasodilatory ef-

fect was rather modest compared with that of 

nitrates alone. Moreover, sildenafil was 

found to interact with nitrates, with the com-

bination leading to exaggerated decreases in 

blood pressure in some individuals. Because 

nitrates are frequently prescribed to men with 

angina, further development of sildenafil for 

the lead indication of angina would have sig-

nificant hurdles to overcome(481).” 

From the discoverer(s)(480): 

“In 1992, several multiple-dose, healthy vol-

unteer studies were undertaken to investigate 

the pharmaco-kinetics, pharmacodynamics 

and tolerance of UK-92,480. When adminis-

tered at doses of up to 75 mg three times per 

day for 10 consecutive days, some volunteers 

reported headaches, flushing, indigestion and 

muscle aches. Some volunteers also reported 

penile erections as a side effect. Initially this 

was not considered to be of major signifi-

cance, because the volunteers were reporting 

these effects after a mere several days of UK-

92,480 administration. Therefore, cardiovas-

cular indications remained the primary focus 

of ongoing clinical investigations during 

1992 and 1993. However, by mid-1993, UK-

92,480 was looking less promising as a new 

treatment for angina pectoris. The relatively 

short half-life indicated that treatment would 

have to be administered at least three times 

per day for the chronic treatment of angina. 

The demonstrated interaction with nitrates 

was also a factor complicating future drug de-

velopment for cardiovascular indications. 

Thoughts turn to erectile dysfunction 

During the 1980s, advances were made in the 

recognition and treatment of erectile dysfunc-

tion (ED). Prior to then, many clinicians con-

sidered ED to be either a relatively trivial is-

sue and/or a condition that was predomi-

nantly attributable to psychological causes. 

However, urologists interested in ED had 

started treating their patients with intracaver-

nosal injections of vasodilating drugs (for ex-

ample, papaverine and prostaglandin E1) that 

functioned by modulating levels of cAMP. 

This pharmacological approach worked for 

many patients, but drawbacks included the 

invasive nature of the treatment, the induc-

tion of an ‘artificial’ erection that would often 

last long after intercourse had finished, with 

the added risks of local bleeding, bruising 

and priapism (a prolonged painful erection 

lasting longer than 6 hours). There was no 

doubt that an effective oral agent would be a 

major breakthrough in the treatment of this 

distressing condition, although at the time 

few researchers and clinicians in the field 

thought this was possible. 

The decision to undertake pilot studies with 

sildenafil in ED was supported by the obser-

vation that penile erections were a common 

side effect in the multiple-dose sildenafil 

Phase I study. Furthermore, emerging data 

implicated NO as a key mediator of the neu-

ral and haemodynamic effects that lead to pe-

nile erection in men. In particular, in the early 

1990s, Ignarro and others reported that NO is 

the neurotransmitter that is released from 

cavernous nerves during sexual stimulation. 

The NO diffuses into vascular smooth muscle 

cells of the penis, stimulating the production 

of cGMP and leading to corpus cavernosum 

smooth muscle relaxation, vasocongestion, 

veno-occlusion (by constriction of the venous 

outflow from the penis against the tunica al-

buginea) and, ultimately, erection. Local 
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neural production of high quantities of NO in 

the presence of sexual stimulation enables se-

lective vasodilatation of the penile vascula-

ture. The Pfizer team postulated that the ad-

ministration of an inhibitor of cGMP break-

down would enhance and prolong the vasodi-

latory response, but only during sexual stim-

ulation. The prospect of an oral agent that 

could work naturally with sexual stimulation 

to facilitate and maintain erections, without 

causing excessive vasodilatation in the sys-

temic vasculature, was indeed an exciting 

prospect(482).” 

TIROFIBAN 

1998 

See also the eptifibatide entry. 

The first antiplatelet drug derived from a 

snake venom protein was Tirofiban. Tirofi-

ban is a non-peptide molecule that was devel-

oped based on the RGD motif present in the 

parent disintegrin molecule, Echistatin. 

Echistatin was first isolated in 1988 from the 

venom of the saw-scaled viper and found as 

an effective antagonist of fibrinogen-induced 

platelet aggregation(483).” 

SACROSIDASE 

1998 

“Sacrosidase is a liquid enzyme preparation 

from S.cerevisiae used for the treatment of 

congenital sucrose-isomaltase deficiency 

(CSID). People with CSID have variable 

amounts of sucrose-isomaltase enzyme activ-

ity and therefore have issues metabolizing di-

etary disaccharide sucrose causing chronic or 

intermittent watery diarrhea in infants and 

children(2).” 

CALFACTANT 

1998 

“Calfactant is a sterile, non-pyrogenic lung 

surfactant intended for intratracheal instilla-

tion. It is an off-white suspension of an ex-

tract of natural surfactant from calf lungs 

suspended in 0.9% saline(2).” 

MONTELUKAST 

1998 

Analogue of zafirlukast 

TELMISARTAN 

1998 

Analogue of losartan(21, 474) 

CANDESARTAN 

1998 

Analogue of losartan(17) 

RETEPLASE 

1998 

“Human tissue plasminogen activator, puri-

fied, glycosylated, 355 residues purified from 

CHO cells(2).” 

https://go.drugbank.com/drugs/DB06760
https://drugs.ncats.io/drug/MHM278SD3E
https://drugs.ncats.io/drug/MHM278SD3E
https://drugs.ncats.io/drug/U5SYW473RQ
https://drugs.ncats.io/drug/U5SYW473RQ
https://drugs.ncats.io/drug/XJM390A33U
https://drugs.ncats.io/drug/XJM390A33U
https://drugs.ncats.io/drug/XJM390A33U
https://drugs.ncats.io/drug/XJM390A33U
https://go.drugbank.com/drugs/DB00015
https://go.drugbank.com/drugs/DB00015
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LEFLUNOMIDE 

1998 

From the first article reporting the antirheu-

matic effects of leflunomide, HWA 486: 

“An often used method to determine the ef-

fectiveness of drugs on the developing adju-

vant disease is to treat the animals from day 

0-19 and read the results on day 19. Both non-

steroidal anti-inflammatory drugs (NSAID) 

and immunosuppressive substances are ef-

fective in this test model. Perper et al. have 

suggested that it is possible to differentiate 

between anti-inflammatory and immunosup-

pressive agents by using a ‘standardized ar-

thritic assay.’ In this assay twelve daily doses 

of immunosuppressive agents, started on the 

day of adjuvant injection, prevent the disease 

in the non-injected extremity. Standard anti- 

inflammatory substances are ineffective in 

this test when examined on day 21 (non-es-

tablished arthritis). Thus, this immunopatho-

logical animal model was used to determine 

the disease modifying potential of antirheu-

matic agents including the novel isoxazole 

derivative HWA 486. This compound, which 

has the chemical name N-(4-Trifluoro-

methylphenyl)-5-methylisoxazol-4-carbox-

amide, is a non-steroidal agent and has been 

developed for use as an antirheumatic drug at 

our research laboratories. The present exper-

iments compare the effects of HWA 486 with 

an immunosuppressive agent, cyclophospha-

mide, and the non-steroidal anti-inflamma-

tory drugs indomethacin, phenylbutazone, 

and naproxen, on disease development as 

well as lymphocyte responsiveness in rats 

with adjuvant arthritis(386).” 

TOLCAPONE 

1998 

Secondary 

SEVELAMER HYDROCHLORIDE 

1998 

Phosphate binder and chelating agent 

CITALOPRAM 

1998 

Analogue of fluoxetine 

LOTEPREDNOL 

1998 

Analogue of cortisone(21) 

TOLTERODINE 

1998 

Analogue of oxybutynin 

https://drugs.ncats.io/drug/CIF6334OLY
https://drugs.ncats.io/drug/GLS2PGI8QG
https://drugs.ncats.io/drug/Z8CBU6KR16
https://drugs.ncats.io/drug/Z8CBU6KR16
https://drugs.ncats.io/drug/Z8CBU6KR16
https://drugs.ncats.io/drug/Z8CBU6KR16
https://drugs.ncats.io/drug/Z8CBU6KR16
https://drugs.ncats.io/drug/Z8CBU6KR16
https://drugs.ncats.io/drug/WHE7A56U7K
https://drugs.ncats.io/drug/WHE7A56U7K
https://drugs.ncats.io/drug/NA8320J834
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EPTIFIBATIDE 

1998 

“Tirofiban and Eptifibatide are small, syn-

thetic molecules developed from the snake 

venom RGD-disintegrins, which have high 

affinity and relative selectivity for the αIIbβ3 

integrin. These compounds compete with fi-

brinogen for the αIIbβ3 integrin receptor in a 

dose-dependent manner and prevent platelet 

aggregation. The clinical therapeutic goal of 

using these drugs is to achieve 80% inhibition 

of platelet aggregation with minimal bleeding 

adverse effects(483).” 

“In order to discover a selective disintegrin 

for αIIbβ3, several dozens of venoms were 

screened, leading to the discovery of Bar-

bourin, purified from the venom of the snake 

Sistrurus miliarius barbouri. The disintegrin, 

Barbourin, isolated from this Southeastern 

pigmy rattlesnake, contains an amino acid 

substitution of Lys (K) for Arg (R) in the 

RGD sequence resulting with a KGD motif 

highly specific for αIIbβ3 (GP IIb-IIIa). Us-

ing this information, a series of conforma-

tional constrained, disulfide-bridged peptides 

were synthesized, containing the KGD amino 

acid sequence. Incorporation of the KGD se-

quence into a cyclic peptide template, fol-

lowed by systematic optimization of the cy-

clic ring size, hydrophobicity, and the deri-

vatization of the lysine side chain of the KGD 

sequence yielded peptide analogs which dis-

played αIIbβ3 integrin inhibitory potency and 

selectivity, comparable to that of Barbourin. 

Eptifibatide (Integrilin), one of the deriva-

tives of Barbourin, is a cyclic heptapeptide, 

competitive antagonist for the activated, 

platelet αIIbβ3 integrin using the KGD integ-

rin recognition sequence. Its mechanism of 

action is the prevention of the binding and 

cross-linking of fibrinogen to the platelet sur-

face, causing inhibition of platelet aggrega-

tion and preventing thrombus for-

mation(483).” 

From the discoverer(s): 

“During the past decade, a wide range of 

snake viper venoms have been shown to con-

tain a family of compounds called disinteg-

rins, small proteins that act as powerful an-

tithrombotics and strongly inhibit platelet ag-

gregation. Almost all these small proteins 

contain the amino acid sequence RGD (Arg-

Gly-Asp), which is believed to play a role in 

the binding of fibrinogen to GP IIb/IIIa. 

However, RGD-containing venom disinteg-

rins also bind to a number of other integrins, 

such as α5β1 (fibronectin receptor) and αvβ3 

(vitronectin receptor) and therefore lack the 

specificity for GP IIb/IIIa. 

In an effort to find a disintegrin specific for 

GP IIb/IIIa, we screened 62 different snake 

venoms, 52 of which exhibited some type of 

integrin-binding activity. Only barbourin, a 

73-amino acid disintegrin from the venom of 

the southeastern pigmy rattlesnake Sistrurus 

barbouri, selectively inhibited fibrinogen 

binding to GP IIb/IIIa and did not interfere 

with binding of RGD-containing ligands to 

other integrins, including α5β1 and 

αvβ3(484).” 

CAPECITABINE 

1998 

Analogue of cytarabine(21) 

THYROTROPIN ALFA 

1998 

“Thyrotropin alfa is a recombinant form of 

thyroid stimulating hormone used in per-

forming certain tests in patients who have or 

have had thyroid cancer. It is also used along 

https://drugs.ncats.io/drug/NA8320J834
https://drugs.ncats.io/drug/NA8320J834
https://drugs.ncats.io/drug/6804DJ8Z9U
https://drugs.ncats.io/drug/AVX3D5A4LM
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with a radioactive agent to destroy remaining 

thyroid tissue in certain patients who have 

had their thyroid gland removed because of 

thyroid cancer(2).” 

PARICALCITOL 

1998 

Analogue of vitamin D 

From an early paper on using vitamin D in 

hyperparathyroidism patients: 

“IN patients with primary hyperparathyroid-

ism the raised serum-alkaline-phosphatase I 

and the circulating immunoassayable para-

thyroid-hormone levels correlate well with 

the radiological extent of the bone disease. It 

is generally thought that the raised alkaline 

phosphatase reflects an increase in bone for-

mation, secondary to the increase in bone re-

sorption induced by parathyroid hormone. In 

theory the presence of vitamin-D deficiency 

in such patients might be expected to elevate 

the serum-alkaline-phosphatase further still, 

with worsening of the bone disease. 

We have investigated two patients with pri-

mary hyperparathyroidism who had radiolog-

ical evidence of bone disease and raised se-

rum-alkaline-phosphatase levels. During 

treatment with small doses of vitamin D the 

radiological picture improved notably, and 

the serum-alkaline-phosphatase fell to nor-

mal(485).” 

INFLIXIMAB 

1998 

Monoclonal Antibody 

BRINZOLAMIDE 

1998 

Analogue of acetazolamide 

RIFAPENTINE 

1998 

Analogue of rifampin 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

PALIVIZUMAB 

1998 

Monoclonal Antibody 

TRASTUZUMAB 

1998 

Monoclonal Antibody 

DOFETILIDE 

1999 

Analogue(486) of sotalol 

AMINOLEVULINIC ACID 

1999 

https://drugs.ncats.io/drug/6702D36OG5
https://drugs.ncats.io/drug/6702D36OG5
https://go.drugbank.com/drugs/DB00065
https://drugs.ncats.io/drug/9451Z89515
https://drugs.ncats.io/drug/9451Z89515
https://drugs.ncats.io/drug/XJM390A33U
https://go.drugbank.com/drugs/DB00072
https://go.drugbank.com/drugs/DB00072
https://drugs.ncats.io/drug/R4Z9X1N2ND
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Photochemotherapeutic 

ROSIGLITAZONE SODIUM 

1999 

Analogue of troglitazone(21) 

“Troglitazone and the other glitazones belong 

to a chemical class known as thiazolidinedi-

one The antihyperglycemic potential of this 

class of compounds became apparent when 

ciglitazone (ADD-3878) was identified in the 

course of efforts at Takeda to synthesize tri-

glyceride-lowering agents based on clofi-

brate. Ciglitazone proved to have anti-dia-

betic effects in diabetic rodents enhancing in-

sulin action without directly stimulating insu-

lin secretion 

Troglitazone (CS-045) was first described by 

researchers at Sankyo in 1988 and increasing 

interest and activity in the area led to the 

identification of a number of other novel 

glitazones in the years that followed These 

agents shared a substituted thiazolidinedione 

structure, with modifications selected to im-

prove their pharmacological efficacy. 

Troglitazone was designed to combine the in-

sulin-sensitizing activity of the thiazoli-

dinedione class with lipid peroxide-lowering 

activity. Lipid peroxides are frequently ele-

vated in diabetic patients and have been im-

plicated in the development of atherosclero-

sis The structure of troglitazone incorporates 

the pharmacophore for a- tocopherol, an anti-

oxidant that has been shown to confer re-

sistance to oxidation on low-density lipopro-

tein cholesterol It was hoped that this design 

element would make troglitazone a particu-

larly effective therapeutic agent. 

4. Pre-clinical studies with glitazones 

In the late 1980s and early 1990s when the 

earliest thiazolidinedione anti-diabetic agents 

were synthesized, their molecular site of ac-

tion had not been identified. The initial ser-

endipitous observation that these agents were 

capable of reducing plasma glucose levels in 

hyperglycemic, hyperlipidemic mice were 

followed by more extensive characterization 

studies in rodent models of diabetes. These 

agents were found to decrease plasma glu-

cose, insulin and triglyceride levels signifi-

cantly in a number of genetically diabetic an-

imals, including the ob/ob mouse, the db/db 

mouse, the KK mouse and the Zucker fatty 

rat. The anti-hyperglycemic activity of 

troglitazone was also demonstrated in non-

genetic, diet-induced models of insulin re-

sistance such as the fructose-fed rat and the 

fat-fed rat. Together these studies demon-

strated the ability of thiazolidinediones to im-

prove insulin action in a wide variety of insu-

lin-resistant states, regardless of the underly-

ing causative mechanism(s)(487).” 

PIOGLITAZONE HYDROCHLORIDE 

1999 

Analogue of troglitazone(21) 

FOSAMPRENAVIR 

1999 

Prodrug of amprenavir 

INTERFERON GAMMA-1B 

1999 

Endogenous-based biopharmaceutical 

https://drugs.ncats.io/drug/YR4MBO751R
https://drugs.ncats.io/drug/YR4MBO751R
https://drugs.ncats.io/drug/JQT35NPK6C
https://go.drugbank.com/drugs/DB01319
https://go.drugbank.com/drugs/DB01319
https://drugs.ncats.io/drug/21K6M2I7AG
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LEVETIRACETAM 

1999 

Analogue of piracetam(488) 

Discovery of piracetam: 

From the discoverer(s): 

“It all started with a wrong hypothesis, 

namely, that by working with cyclic GABA 

derivatives we should find new sedative hyp-

notics because, we thought, we would pro-

vide an ‘extra amount’ of inhibition to the 

brain. During 1963-1964, Strubbe and 

Cyprysiak [1967], on the ground of this idea, 

synthesized several compounds, including pi-

racetam (UCB 6215: Nootropyl), which is a 

cyclic, disubstituted GABA derivative. Pi-

racetam never induced any sedation but, for 

reasons described elsewhere, we have tested 

and found it active to inhibit the central nys-

tagmus in the rabbit, and also a vestibular 

nystagmus. Despite all our extensive studies, 

and with the exception of a particular anti-

convulsant potency, piracetam was found to 

be nontoxic and devoid of any common psy-

chopharmacological, cardiovascular, respira-

tory, or other activities. As for the GABA-re-

lated hypothesis to explain nystagmus inhibi-

tion, and particularly antiepileptic activities, 

we soon found out that it was also wrong. In-

deed, piracetam, which is almost entirely 

eliminated as such, nonmetabolized, does not 

interfere with GABA metabolism or recep-

tors(489).” 

ENTACAPONE 

1999 

Secondary 

DEXMEDETOMIDINE 

1999 

Analogue of clonidine(21) 

RABEPRAZOLE 

1999 

Analogue of omeprazole(21) 

AMPRENAVIR 

1999 

Analogue of saquinavir(21) 

PORACTANT ALFA 

1999 

“Poractant alfa is an extract of natural porcine 

lung surfactant consisting of 99% polar lipids 

https://drugs.ncats.io/drug/44YRR34555
https://drugs.ncats.io/drug/4975G9NM6T
https://drugs.ncats.io/drug/67VB76HONO
https://drugs.ncats.io/drug/32828355LL
https://drugs.ncats.io/drug/5S0W860XNR
https://go.drugbank.com/drugs/DB09113
https://go.drugbank.com/drugs/DB09113
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and 1% hydrophobic low molecular weight 

proteins(2).” 

SIROLIMUS 

1999 

From the discoverer(s): 

“Although sirolimus was isolated as an anti-

fungal agent with potent anticandida activity, 

subsequent studies have revealed impressive 

antitumor/antiproliferative and immunosup-

pressive properties(490).” 

From the discovery paper(490): 

“Identification of the Rapamycin-Produc-

ing Streptomycete: Streptomycete strain AY 

B-994 was isolated from a soil sample col-

lected in Easter Island (Rapa Nui): the soil 

was diluted in distilled water and the result-

ing suspensions were plated on yeast-starch 

agar according to the double-layer technique 

of PORTER et al. After one week of incuba-

tion at 28°C the streptomycete colonies were 

purified by repeated streaking and the pure 

strains grown separately on yeast-starch agar 

plates to yield confluent growth. After 4 to 10 

days of incubation, discs were cut and trans-

ferred onto the surface of plates of Bacto-

Blood Agar Base inoculated with test bacte-

ria and SABOURAUD dextrose agar inocu-

lated with test yeast and dermatophytes. […]  

When tested under the above conditions 

strain AY B-994 showed the following anti-

microbial activity (diameter of inhibition 

zone in mm): Sarcina lutea, 24; Staphylococ-

cus aureus, 20; Escherichia coli, Enterobac-

ter aerogenes, Proteus mirabilis and Pseudo-

monas aeruginosa, no zone of inhibition; 

Candida albicans, 24; Microsporum 

gypseum, 26; Trichophyton granulosum, 

27(491).” 

From the oldest article found reporting anti-

tumor activity(490): 

“Compounds are obtained by the Natural 

Products Branch through contracts, grants, 

and through an extensive worldwide 

surveillance program. Pure compounds are 

tested initially against tile P388 leukemia (in 

vivo pre-screen) at NCI unless there is bio-

chemical data or antitumor data which indi-

cates that other testing would be more desir-

able. […]  

Rapamycin-NSC 226080 is a triene isolated 

by Ayerst Pharmaceuticals from Streptomy-

ees fermentations. Originally this material 

was found to have good anti-Candida activ-

ity. Rapamycin was selected for further de-

velopment at NCI based on its good activity 

against mammary and colon tumors and the 

brain tumor, ependymoblastoma(492).” 

DOXERCALCIFEROL 

1999 

Analogue of vitamin D(1) 

Also see the paricalcitol entry. 

GANIRELIX 

1999 

Analogue(486) of the endogenous Gonado-

tropin Releasing Hormone 

https://drugs.ncats.io/drug/W36ZG6FT64
https://drugs.ncats.io/drug/3DIZ9LF5Y9
https://drugs.ncats.io/drug/IX503L9WN0
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DALFOPRISTIN - QUINUPRISTIN 

1999 

Analogue of streptogramin 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

“Pristinamycin was identified in culture fil-

trates of Streptomyces pristinaespiralis in 

1962, virginiamycin in Streptomyces virgin-

iae in 1955, and mikamycin in Streptomyces 

mitakaensis in 1956. Natural mixtures of 

streptogramins have been available for clini-

cal use in Europe since the mid-1950s. Strep-

togramins cannot cross the outer membrane 

of most Gram-negative bacteria and are pri-

marily effective against Gram-positive bacte-

ria. They have been used topically or orally 

in the treatment of skin, bone, and respiratory 

infections, mainly caused by staphylococci. 

The first semisynthetic injectable strepto-

gramin compound, quinupristin–dalfopristin, 

was approved in 1999(493).” 

“The antibiotic streptogramin was first ob-

tained from culture filtrates of a species of 

Streptomyces, now classified as Streptomy-

ces graminofmiens (Charney et al. 

1953)(494).” 

I could not find the article cited in the previ-

ous quotation as the discovery paper of strep-

togramin(495), yet, due to the trend at the 

time, 1953, it was probably discovered by 

screening different culture filtrates against 

bacteria cultures or infected animals. 

ORLISTAT 

1999 

From the discovery paper: 

“The key enzyme of dietary triglyceride ab-

sorption is pancreatic lipase, exerting its ac-

tivity at the water-lipid interphase, in con-

junction with bile salts and co-lipase. A target 

directed screening of microbial broths from 

soil organisms resulted in the discovery of a 

very potent, selective and irreversible 

inhibitor of pancreatic lipase, which was 

named lipstatin. […] 

Fermentation broths from actinomycetes and 

fungi, isolated from soil samples, were 

screened for inhibition of lipase activity. The 

most active broths were from the fermenta-

tion of two streptomyces strains, No. 85~13 

found in a soil sample from Mallorca (Spain) 

and No. 72~21 in a soil sample from Gstaad 

(Switzerland)(496).” 

GATIFLOXACIN 

1999 

Analogue of nalidixic acid(21) 

MOXIFLOXACIN 

1999 

Analogue of nalidixic acid(21) 

QUINUPRISTIN 

1999 

Analogue of streptogramin(493) 

Refer to the dalfopristin entry. 

ZANAMIVIR 

1999 

“Computer-assisted drug design, based on 

https://drugs.ncats.io/drug/R9M4FJE48E
https://drugs.ncats.io/drug/23OW28RS7P
https://drugs.ncats.io/drug/95M8R751W8
https://drugs.ncats.io/drug/U188XYD42P
https://drugs.ncats.io/drug/23OW28RS7P
https://drugs.ncats.io/drug/L6O3XI777I
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the crystal structure of the influenza viral 

neuraminidase, led to the identification of 

zanamivir (GG167) as a specific and potent 

inhibitor of the enzyme, and of the in vitro 

and in vivo replication of both influenza A 

and B virus(497).” 

“Two potent inhibitors based on the crystal 

structure of influenza virus sialidase have 

been designed. These compounds are effec-

tive inhibitors not only of the enzyme, but 

also of the virus in cell culture and in animal 

models. The results provide an example of 

the power of rational, computer-assisted drug 

design, as well as indicating significant pro-

gress in the development of a new therapeutic 

or prophylactic treatment for influenza infec-

tion(498).” 

OSELTAMIVIR ACID 

1999 

Analogue of zanamivir(497) 

CILOSTAZOL 

1999 

“The mechanism of cilostazol on the symp-

toms of intermittent claudication is not fully 

understood. […] The predecessors of cilosta-

zol were identified by screening new syn-

thetic compounds in blood platelet aggrega-

tion assays(486).” 

From the discovery paper cited in the previ-

ous quotation: 

“The purpose of this work was to synthesize 

many alkyl 4-(2-oxo-1,2,3,4-tetrahydro-6-

quinolyloxy) alkanoates and related com-

pounds for testing for inhibitory activity in 

vitro. We describe here the synthesis of vari-

ous 2-oxoquinoline derivates possessing high 

inhibitory activity towards blood platelet ag-

gregation and we discuss their structure-ac-

tivity relationship(499).” 

KETOTIFEN 

1999 

Analogue of diphenhydramine(21) 

BEXAROTENE 

1999 

Analogue(486) of isotretinoin 

EPIRUBICIN 

1999 

4’-epi-isomer of doxorubicin(1) 

https://drugs.ncats.io/drug/K6106LV5Q8
https://drugs.ncats.io/drug/N7Z035406B
https://drugs.ncats.io/drug/X49220T18G
https://drugs.ncats.io/drug/A61RXM4375
https://drugs.ncats.io/drug/3Z8479ZZ5X
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ZALEPLON 

1999 

Analogue(486) of zolpidem 

EXEMESTANE 

1999 

Analogue(486) of testosterone 

DOCOSANOL 

2000 

“The antiviral activity of a long-chain, satu-

rated fatty acid was initially reported 70 years 

ago by Stock and Francis. Their work was 

based on previous studies showing the anti-

infective properties of soaps. Katz and 

coworkers reported in 1991 that 1-docosanol, 

a 22-carbon-long saturated alcohol inhibited 

viral replication. The precise MMOA of this 

fatty acid, which is approved to treat genital 

warts, is unknown(486).” 

From a 1976 paper cited in the previous quo-

tation: 

“This report describes the inactivation of li-

pid-containing viruses by several long-chain 

alcohols. A striking peak in antiviral activity 

was found for saturated alcohols having 

chain lengths from 10 to 14 carbons. Viruses 

having different membrane structure showed 

different susceptibilities to alcohols having 

different chain lengths and structural fea-

tures. Decanol, dodecanol, and tetradecanol 

readily inactivated herpes simplex virus and 

the enveloped bacterial virus. The lipid-con-

taining virus PM2 was susceptible to decanol 

and dodecanol but comparatively unsuscepti-

ble to tetradecanol(500).” 

CEVIMELINE 

2000 

Analogue of acetylcholine(488) 

ARTICAINE 

2000 

Analogue of lidocaine 

PIPERONYL BUTOXIDE 

2000 

“Piperonyl butoxide (PBO) is an organic 

compound used as a component of pesticide 

formulations. It is a waxy white solid. It is a 

semisynthetic derivative of safrole. It is used 

for the treatment of head, pubic (crab), and 

body lice. Piperonyl butoxide is a synergist. 

CEVEMELINE 

https://drugs.ncats.io/drug/S62U433RMH
https://drugs.ncats.io/drug/NY22HMQ4BX
https://drugs.ncats.io/drug/9G1OE216XY
https://drugs.ncats.io/drug/K9V0CDQ56E
https://drugs.ncats.io/drug/D3SQ406G9X
https://drugs.ncats.io/drug/LWK91TU9AH
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It has no pesticidal activity of its own(1)” 

ARGATROBAN  

2000 

Analogue of arginine(1, 501, 502) 

From the discovery paper: 

“A series of N2-substituted L-arginine ester 

and amide derivatives has been examined for 

inhibitory effects on thrombin. Potent inhibi-

tion of thrombin has been found with arginine 

derivatives having two hydrophobic moieties 

[…] 

In this paper, the inhibitory effect of (2R,4R)-

MQPA on thrombin is compared with that on 

trypsin, plasmin, plasma kallikrein, and fac-

tor Xa to examine the specificity of inhibi-

tion.” 

“The active sites of fIIa and fXa are struc-

tured for specific catalytic cleavage of physi-

ological substrates. FIIa cleaves, among oth-

ers, the sequences GlyGlyGlyValArg-GlyPro 

and PhePheSerAlaArg-GlyHis in fibrinopep-

tides A and B, respectively. FXa cleaves Phe-

PheAsnProArg-ThrPhe and TyrIleA-

spGlyArg-IleVal in prothrombin. Both en-

zymes strongly prefer arginine as the residue 

preceding the scissile peptide bond (P1 in the 

nomenclature of Schechter and Ber-

ger)(502).” 

RACEPINEPHRINE 

2000 

“Racepinephrine or racemic epinephrine is a 

mixture of levo and dextro isomers of 

epinephrine act as a nonselective agonist at 

adrenergic receptors(1).” 

MELOXICAM 

2000 

Analogue of piroxicam(21) 

PANTOPRAZOLE 

2000 

Analogue of omeprazole(21) 

ALOSETRON HYDROCHLORIDE 

2000 

Analogue of ondansetron(21) 

INSULIN GLARGINE 

2000 

Endogenous-based biopharmaceutical 

https://drugs.ncats.io/drug/OCY3U280Y3
https://drugs.ncats.io/drug/GR0L9S3J0F
https://drugs.ncats.io/drug/VG2QF83CGL
https://drugs.ncats.io/drug/D8TST4O562
https://drugs.ncats.io/drug/2F5R1A46YW
https://drugs.ncats.io/drug/2ZM8CX04RZ
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BIVALIRUDIN 

2000 

Analogue of the hirudin(1, 486) 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

“Leeching is an art dating back at least to an-

cient Egypt. It reached its zenith in the late 

18th and early 19th centuries. The antithrom-

botic quality of leech saliva was first noted by 

Haycraft in 1884 and the active anticoagulant 

ingredient isolated in 1904 by Jacoby. He 

gave this agent the name ‘hirudin’. Hirudin 

was isolated in pure crystalline form by 

Markwardt in 1957 and first produced in 

quantity by genetic engineering in 

1986(503).” 

R-LINEZOLID 

2000 

“The oxazolidinones are a novel class of to-

tally-synthetic antibacterial agents. (S)-3-

aryl-5-acetamidomethyl-2-oxazolidinones 

were discovered by researchers at EI Dupont 

de Nemours and Co., Inc. and were reported 

in 1987. An initial screening-derived lead 

was S-6123, a 5-hydroxymethyl-2-oxazoli-

dinone(504).” 

From the discovery paper of oxazolidinones, 

cited in the previous quotation: 

“The antibacterial activity of compounds of 

the oxazolidinone series was initially identi-

fied in a screening program. The first mem-

bers of this new synthetic class were primar-

ily active against staphylococci and strepto-

cocci(505).” 

ZONISAMIDE 

2000 

“The anticonvulsant properties of zonisamide 

were discovered through the testing of nu-

merous 3-substituted 1,2-benzisoxazole com-

pounds in animal models. The exact MMOA 

is unknown(486).” 

MIFEPRISTONE 

2000 

Analogue of progesterone 

CETRORELIX 

2000 

Analogue of the endogenous Gonadotropin 

Releasing Hormone 

TRIPTORELIN 

2000 

Analogue of GnRH(1) 

https://drugs.ncats.io/drug/TN9BEX005G
https://drugs.ncats.io/drug/4H12RJ0A6E
https://drugs.ncats.io/drug/459384H98V
https://drugs.ncats.io/drug/320T6RNW1F
https://drugs.ncats.io/drug/OON1HFZ4BA
https://drugs.ncats.io/drug/9081Y98W2V
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VERTEPORFIN 

2000 

Photochemotherapeutic 

Analogue of the natural substrate, protopor-

phyrin IX(486) 

“Verteporfin is a chemically modified ver-

sion of protoporphrin IX. Verteporfin is acti-

vated by light in the presence of oxygen, gen-

erating highly reactive, short-lived singlet 

oxygen and reactive oxygen radicals. Light 

activation of verteporfin results in local dam-

age to neovascular endothelium, resulting in 

vessel occlusion(486).” 

“As far back as the mid 1980s, it was realised 

that although PDT with sensitisers based on 

haematoporphyrin heralded the introduction 

of a new therapeutic technology, there were 

many potential defects with these materials 

which could potentially be eliminated with 

new sensitisers. In particular, there was a 

need for new compounds which could be 

made chemically pure, which absorbed light 

at longer wavelengths to assist tissue penetra-

tion and which did not cause the prolonged 

skin photosensitivity seen with haematopor-

phyrin derivative. It was against this back-

ground that BPD was first synthesised(506)” 

“Verteporfin is a chlorin, that is one of the 

five membered rings is reduced. Compared 

with the corresponding porphyrin molecules, 

chlorins have stronger absorption at longer 

wavelengths, enabling light of longer wave-

lengths to be used for therapy, allowing 

deeper tissue penetration(506).” 

“Soon after its preparation, preliminary in 

vitro studies demonstrated that BPD was a 

powerful sensitiser and more effective than 

haematoporphyrin. After 1 h incubation, it 

was found that BPD was 10-70 times more 

photocytotoxic than haematoporphyrin to-

wards various cells in culture. This work also 

emphasised the absorption maximum around 

700 nm, which is in the range of wavelength 

that penetrates tissues best. Interestingly, this 

early work foresaw that BPD could be a drug 

of choice in cancer PDT, but non-cancer ap-

plications were not then envisaged(506).” 

“Similar studies were then carried out in a 

mouse tumour model in vivo. Distribution 

and clearance studies showed that relative 

distribution in a variety of mouse tissues was 

similar for all BPD analogues. However, 

again, the monoacid forms of BPD were 

found to be much more photodynamically ac-

tive than the diacid analogue. 

By 1991, it was realised that verteporfin was 

a powerful new photosensitiser with strong 

potential for PDT application, although at 

that time it was still thought that this would 

be in the cancer field(506)” 

OXCARBAZEPINE 

2000 

Analogue of carbamazepine(21) 

RIVASTIGMINE 

2000 

Analogue of neostigmine(21) 

CHORIOGONADOTROPIN ALFA 

https://drugs.ncats.io/drug/0X9PA28K43
https://drugs.ncats.io/drug/VZI5B1W380
https://drugs.ncats.io/drug/PKI06M3IW0
https://go.drugbank.com/drugs/DB00097
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2000 

Recombinant human chorionic gonadotro-

pin(2) 

NATEGLINIDE 

2000 

“In the course of screening in 18-hour-fasted 

normal mice for hypoglycemic effects, 

Shinkai and coworkers found that N-benzoyl- 

DL -phenylalanine exhibited a slight blood 

glucose lowering activity at an oral dose of 

500 mg per kg. The component parts of the 

molecule were systematically varied leading 

to the identification of nateglinide(486).” 

From the discovery papers cited above: 

“To seek another type of antidiabetic drug, 

we screened numerous compounds in 18-h-

fasted normal mice for hypoglycemic effects. 

In the course of this screening, we found that 

N-benzoyl-DL-phenylalanine exhibited a 

slight blood glucose lowering activity at a 

oral dose of 500 mg/kg(507).” 

“In further studies on the relationships be-

tween the structure of the acyl moiety and ac-

tivity, N-(cyclohexyl-carbonyl)-D-phenylal-

anine was found to be more potent than N-

benzoyl-D-phenylalanine. This result sug-

gested that the planar structure (benzene ring) 

of the acyl moiety of N-benzoyl-D-phenylal-

anine derivatives was not always necessary 

for activity. Various analogues of 5 with 

modified cyclohexylcarbonyl groups were 

synthesized and evaluated for blood glucose 

lowering activity. A highly active compound, 

N-[(trans-4-isopropylcyclohexyl)-carbonyl]-

phenylalanine, which showed a 20% blood 

glucose decrease at an oral dose of 1.6 mg/kg 

in normal fasted mice was obtained. The 

three-dimensional structure of the acyl moi-

ety was characterized by high-resolution 1H 

NMR spectroscopy and semiempirical mo-

lecular orbital calculation (MNDO) in order 

to study the relationship between the three-

dimensional structure of the acyl moiety and 

the activity(508).” 

BOTULINUM TOXIN TYPE B 

2000 

“In 1822 Kerner published 155 case reports 

of patients with probable botulism and hy-

potheses on the ‘sausage poison’ in a second 

monograph ‘Das Fettgift oder die Fettsäure 

und ihre Wirkungen auf den thierischen Or-

ganismus, ein Beytrag zur Untersuchung des 

in verdorbenen Würsten giftig wirkenden 

Stoffes’ [‘The fat poison or the fatty acid and 

its effects on the animal organism, a contri-

bution to the examination of the substance 

which acts toxically in bad sausages’]. The 

monograph contained the accurate descrip-

tion of all muscular symptoms and clinical 

details of all autonomic disturbances occur-

ring in botulism such as mydriasis, decrease 

of lacrimation and secretion of the salivary 

glands, gastrointestinal and bladder paralysis. 

Kerner also experimented with various ani-

mals by feeding them with extracts from bad 

sausages and finally carried out heroic exper-

iments on himself. […] In the eighth chapter 

of the monograph of 1822, Kerner developed 

the idea of using the toxin for therapeutic pur-

poses. He concluded that small doses would 

be beneficial in conditions with pathologic 

hyperexcitability of the nervous system. 

Kerner favored various diseases in which he 

suspected an overexited nervous ganglia sys-

tem (e.g., motoric hyperkinesias) as appropri-

ate indications for the therapeutic use of the 

‘toxic fatty acid’ botulinum toxin(509).” 

BALSALAZIDE 

2000 

“a prodrug that is enzymatically cleaved by 

bacterial azoreduction to release equimolar 

quantities of mesalamine (5-aminosalicylic 

acid or 5-ASA) in the colon, an anti-inflam-

matory drug(1).” 

INSULIN ASPART 

2000 

https://drugs.ncats.io/drug/41X3PWK4O2
https://drugs.ncats.io/drug/0Y70779M1F
https://drugs.ncats.io/drug/P80AL8J7ZP
https://drugs.ncats.io/drug/D933668QVX
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Analogue of human insulin (1) 

TENECTEPLASE 

2000 

“Tenecteplase is a tissue plasminogen activa-

tor (tPA) developed from modifications of 

natural human tPA complementary DNA 

(cDNA)(2).” 

ALMOTRIPTAN 

2001 

Analogue of sumatriptan(486) 

FROVATRIPTAN 

2001 

Analogue(486) of sumatriptan 

ZOLEDRONIC ACID  

2001 

Analogue of etidronic acid 

IMATINIB 

2001 

“The shortened version of chromosome 22, 

which is known as the Philadelphia chromo-

some, was discovered by Nowell and Hun-

gerford, and provided the first evidence of a 

specific genetic change associated with hu-

man cancer. The molecular consequence of 

this inter-chromosomal exchange is the crea-

tion of the BCR–ABL gene, which encodes a 

protein with elevated tyrosine-kinase activ-

ity. The demonstration that Bcr–Abl as the 

sole oncogenic event could induce leukae-

mias in mice has established BCR–ABL as the 

molecular pathogenic event in CML.As the 

tyrosine-kinase activity of BCR–ABL is cru-

cial for its transforming activity, the enzy-

matic activity of this deregulated gene could 

plausibly be defined as an attractive drug tar-

get for addressing BCR–ABL-positive leu-

kaemias. For the first time, a drug target was 

identified that clearly differed in its activity 

between normal and leukaemic cells. […] 

In the case of Glivec, a lead compound was 

identified in a screen for inhibitors of protein 

kinase C (PKC). This compound — a phenyl-

aminopyrimidine derivative — had promis-

ing ‘lead-like’ properties and a high potential 

for diversity, allowing simple chemistry to be 

applied to produce compounds with more po-

tent activity or selectivity. Strong PKC inhi-

bition in cells was obtained with derivatives 

bearing a 3′-pyridyl group at the 3′-position 

of the pyrimidine. During the optimization of 

this structural class, it was observed that the 

presence of an amide group on the phenyl 

ring provided inhibitory activity against tyro-

sine kinases, such as the BCR–ABL ki-

nase(510).” 

“Many of the medicines that were invented 

starting with a target specific assay required 

an additional empirical phenotypic assay to 

prioritize the actives and identify candidates 

with functional efficacy. The discovery of 

gleevec, a c-abl kinase inhibitor that works 

https://go.drugbank.com/drugs/DB00031
https://drugs.ncats.io/drug/1O4XL5SN61
https://drugs.ncats.io/drug/H82Q2D5WA7
https://drugs.ncats.io/drug/70HZ18PH24
https://drugs.ncats.io/drug/BKJ8M8G5HI
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through stabilizing the kinase inactive state, 

PARP inhibitors such as olaparib(511)” 

BIMATOPROST 

2001 

Analogue of the endogenous(486) prosta-

glandin F2α 

Eyelash hypertrichosis stimulating activity of 

latanoprost and bimatoprost was observed as 

a side effect in some of their users(512). 

CASPOFUNGIN 

2001 

From the discovery team: 

“Echinocandin B was one of the first cyclic 

lipopeptides of this class reported in 1974 by 

Sandoz. It was the lead for medicinal chem-

istry efforts at Sandoz (now Novartis) and 

subsequently at Eli Lilly. Merck’s natural 

product screening efforts led to the discovery 

of the pneumocandin series which had two 

major structural differences compared to the 

echinocandins. The natural product pneu-

mocandin B0 eventually became the starting 

material for the synthesis of caspofungin ac-

etate (CANCIDAS®). The discovery of 

pneumocandin B0 began in 1985 at CIBE, a 

subsidiary of Merck located in Madrid, Spain 

when Glarea lozoyensis (originally named as 

Zalerion arboricola) was isolated, fer-

mented, and extracted by an organic solvent 

and determined to produce a potential cell-

wall active antifungal agent(513).” 

From a paper cited in the previous quotation, 

regarding the discovery of pneumocandin B0: 

“In screening for new antifungal agents from 

fungi, a new lipopeptide antifungal agent, L-

671,329, similar to echinocandin B, has been 

isolated from Zalerion arboricola. Studies 

indicate that L-671,329 is produced under 

both solid and liquid fermentation conditions. 

[…] 

The methods of detection utilized in the fol-

lowing studies and isolations were antifungal 

activity as measured via zones of inhibition 

in a disc diffusion assay on agar plates seeded 

with Candida albicans(514).” 

TRAVOPROST 

2001 

Analogue of the endogenous prostaglandin 

F2α(1) 

ERTAPENEM 

2001 

Analogue of imipenem(488) 

DARBEPOETIN ALFA 

2001 

Human erythropoietin with 2 aa substitutions 

to enhance glycosylation(1) 

https://drugs.ncats.io/drug/QXS94885MZ
https://drugs.ncats.io/drug/F0XDI6ZL63
https://drugs.ncats.io/drug/WJ68R08KX9
https://drugs.ncats.io/drug/G32F6EID2H
https://drugs.ncats.io/drug/15UQ94PT4P
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GALANTAMINE 

2001 

“In 1947, a Soviet journal reported the pres-

ence of previously unknown alkaloids in the 

common snowdrop, Galanthus nivalis; the 

authors named the major (yet undefined) 

compound galanthamine. A few years later, 

the same team isolated and characterized it 

from the closely related Galanthus worono-

wii. Japanese researchers appear to have iso-

lated the same alkaloid from the red spider 

lilly (Lycoris radiata), calling it lycoremine. 

It seems likely that ethnomedicine prompted 

these investigations […] 

The discovery generated very limited interna-

tional interest until 1960, when therapeutic 

usefulness was suggested based on the find-

ing that the alkaloid is an inhibitor of cholin-

esterases, with stronger activity toward mus-

cle acetylcholinesterase than pyridostigmine 

but somewhat less than neostigmine. Almost 

immediately, galanthamine (the ‘h’ was 

dropped only in the 1990s when the interna-

tional nonproprietary name was defined) was 

added to the armamentarium provided by 

these older cholinesterase inhibitors to treat 

myopathies or postpolio paralytic conditions, 

and for reversal of neuromuscular blockade 

after anesthesia. It was also found useful for 

the treatment of peripheral neuropathies and 

radiculitis […] 

While these are all peripheral actions, galan-

tamine (a tertiary ammonium base) easily 

penetrates the blood–brain barrier and also 

inhibits brain cholinesterases, increasing cen-

tral cholinergic tone. This certainly contrib-

uted to the drug’s action in spinal poliomye-

litis and awakening from anesthesia, and also 

to the positive effects reported in intracere-

bral hemorrhage from various causes. There 

is anecdotal evidence that some European 

neuropsychiatrists used Nivalin off-label to 

treat cognitive and emotional impairments af-

ter traumatic brain injury. However, no case 

reports or studies were published. 

In 1977, Baraka and Harik, perhaps follow-

ing up on earlier Soviet Union animal data, 

reported that galantamine reversed the acute 

anticholinergic syndrome (drowsiness and 

disorientation up to delirium) that the musca-

rinic receptor antagonist, scopolamine in-

duces in cognitively normal volunteers but 

they made no attempt to quantify cognitive 

restitution in their subjects. […] 

However, once the cholinergic hypothesis of 

Alzheimer’s disease was accepted (which 

happened quickly because the lack of cholin-

ergic tone in patients’ brains was demon-

strated only a year later), perspectives for an 

additional use of galantamine as an antide-

mentive drug should have been immediately 

evident(515).” 

“It is a natural product known from several 

members of the Amaryllidaceae and the idea 

for developing a natural product from these 

species seems to be based on ethnobotanical 

information. This alkaloid was first isolated 

from snowdrop (Galanthus spp., most nota-

bly G. woronowii), but today it is obtained 

from Narcissus spp. and Leucojum spp. (esp. 

L. aestivium) as well as synthetically. […]  

After galanthamine (GAL) had been used for 

many years in Eastern Europe, in the 1980s 

researchers for AD treatment in Western Eu-

rope switched their attention to GAL due to 

its ability of penetrating the blood–brain bar-

rier and specifically to augment central cho-

linergic function. This led to clinical trials of 

GAL in the treatment of AD. In 1996, Sano-

chemia Pharmazeutika in Austria first 

launched GAL as ‘NIVALIN®’ for AD treat-

ment. […] 

According to unconfirmed reports, in 1950s, 

a Bulgarian pharmacologist noticed the use 

of the common snowdrop growing in the wild 

by rubbing on their foreheads to ease nerve 

pain. Also, some of the earlier publications 

indicate extensive use of snowdrop in Eastern 

Europe, such as Romania, Ukraine, Balkan 

https://drugs.ncats.io/drug/0D3Q044KCA
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Peninsula and Eastern Mediterranean coun-

tries. […] 

In the early 1950s, the Russian pharmacolo-

gist Mashkovsky worked with GAL isolated 

from the Galanthus woronowii. In 1951, 

Mashkovsky and Kruglikova-Lvova used an 

ex vivo system (striated muscles—frog 

straight abdominal and leech dorsal muscle) 

as well as smooth muscles (isolated rabbit 

small intestine and guinea pig uterus) to proof 

its AChE inhibiting properties and antagonis-

ing effects against curare-induced effects. 

Consequently, this is the first published work 

that demonstrates AChE-inhibiting proper-

ties of galanthamine(516).” 

FONDAPARINUX 

2001 

Analogue of the natural substrates(486), low 

molecular weight heparins 

“The structure of fondaparinux is identical to 

the heparin pentasaccharide sequence, the 

smallest fragment required for antithrombin 

III function. The pentasaccharide sequence 

was discovered by Choay and coworkers in 

their search for minimal molecular weight 

heparin fractions still retaining high anti-fac-

tor Xa potency in plasma(486)” 

PIMECROLIMUS 

2001 

Analogue(486) of sirolimus 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

NORELGESTROMIN 

2001 

Analogue of progesterone(488) 

ETONOGESTREL 

2001 

Analogue of progesterone(21) 

DROSPIRENONE 

2001 

Analogue of spironolactone(21) 

DESLORATADINE 

2001 

Enantiopure loratadine 

FORMOTEROL 

https://drugs.ncats.io/drug/J177FOW5JL
https://drugs.ncats.io/drug/7KYV510875
https://drugs.ncats.io/drug/R0TAY3X631
https://drugs.ncats.io/drug/304GTH6RNH
https://drugs.ncats.io/drug/N295J34A25
https://drugs.ncats.io/drug/FVF865388R
https://drugs.ncats.io/drug/5ZZ84GCW8B
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2001 

Analogue of salbutamol(21) 

ZIPRASIDONE 

2001 

Analogue of risperidone 

DUTASTERIDE 

2001 

Analogue of finasteride(21) 

ANAKINRA 

2001 

“The difference between anakinra and the na-

tive human IL-1Ra is that anakinra has an ex-

tra methionine residue at the amino termi-

nus(1).” 

DEXMETHYLPHENIDATE 

2001 

Enantiopure methylphenidate 

BOSENTAN  

2001 

“Target-based screening(486)” 

From the earliest paper reporting bosentan: 

“ET-1 might play a role in chronic and acute 

diseases that are associated with focal or sys-

temic vasoconstriction and perhaps also cel-

lular proliferation, bronchoconstriction or in-

flammation. The development of selective 

ET antagonists is essential to understand the 

pathophysiological roles of ET and could 

lead to new therapeutic approaches. We re-

cently described the first orally active ET re-

ceptor antagonist, Ro 46-2005. In this study, 

we report the pharmacological properties of 

bosentan, also called Ro 47-0203 or 4-tert-

butyl-N-[6-(2-hydroxy-ethoxy)-5-(2-ethoxy-

phenoxy)-2,2’-bipyrimidin-4-yl]-benzeneul-

fonamide, which was obtained by structural 

optimization of Ro 46-2005. We describe the 

in vitro and in vivo effects of bosentan and its 

capacity to inhibit the biological conse-

quences of stimulation of the three receptors: 

ETA, ETB1 and ETB2. For this purpose, we de-

veloped specific test systems that allowed us 

to evaluate each one of the receptors sepa-

rately. Overall, the results show that bosentan 

blocks all three ETA, ETB1 and ETB2 recep-

tors, is extremely specific for ET and is orally 

active(517).” 

From the discovery paper of Ro 46-2005 

cited in the previous quotation: 

“Because ET was suspected to play a role in 

chronic diseases, the development of non-

peptidic, small Mr antagonists that could be 

orally administered was an important objec-

tive. For this purpose several thousands of 

compounds from a chemical library were 

screened for their capacity to inhibit specific 

I-ET-1 binding in a human placenta mem-

brane preparation. This screening led to the 

https://drugs.ncats.io/drug/6UKA5VEJ6X
https://drugs.ncats.io/drug/O0J6XJN02I
https://drugs.ncats.io/drug/9013DUQ28K
https://drugs.ncats.io/drug/M32RH9MFGP
https://drugs.ncats.io/drug/XUL93R30K2
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identification of a class of pyrimidinyl sul-

phonamides that had been synthesized as part 

of an antidiabetic project and were noted to 

be weak inhibitors of I-ET-1 binding. Struc-

tural modification of these compounds by 

chemical synthesis led to the discovery of Ro 

46-2005 (4-tert-butyl-N-[6-(2-hydroxy-eth-

oxy)-5-(3-metoxy-phenoxy)-4-pyrimidinyl]-

benzenesulphonamide), a potent inhibitor it-

self devoid of hypoglycaemic activity. […] 

Before testing Ro 46-2005 in vivo, it was cru-

cial to assess its binding and functional char-

acteristics, and its selectivity. Ro 46-2005 

completely inhibited the specific binding of 

125 1-ET-1 to human vascular smooth mus-

cle cells (ETA receptor) and rat aortic endo-

thelial cells (ET 8 receptor), with half-maxi-

mal inhibition at concentrations of 2.2 × 10-7 

M and 1 × 10-6 M, respectively. The in vitro 

functional activity of Ro 46-2005 was exam-

ined on vascular preparations carrying ETA 

and ETB receptors. In isolated rat aortic rings 

denuded of their endothelium (ETA recep-

tors), Ro 46-2005 had no agonistic effect, but 

antagonized the contractions induced by ET-

1 in a concentration dependent manner(518)” 

NITAZOXANIDE 

2002 

“Originally developed and commercialized 

as an antiprotozoal agent, nitazoxanide was 

later identified as a first-in-class broad-spec-

trum antiviral drug and has been repurposed 

for the treatment of influenza(486).” 

“Phenotypic screening of compound-spe-

cific libraries based on significant prior 

knowledge of compound properties(486)” 

“Nitazoxanide or 2-(acetyloxy)-N-(5-nitro-2-

thiazolyl) benzamide was first synthesized in 

the early 1970s on the scaffold of niclosa-

mide in replacing one benzene ring, a 6-mem-

bered ring heterocycle, by a nitrothiazole, a 

5-membered ring heterocycle. Initially, nita-

zoxanide was developed as an oral anti-para-

sitic agent and studied for activity against 

protozoan and helminthic infections in vitro 

and/or in vivo in mice, cats, dogs and 

sheep(519).” 

ELETRIPTAN 

2002 

Analogue of sumatriptan(21) 

ADEFOVIR 

2002 

Analogue of acyclovir(21) 

EPLERENONE 

2002 

Analogue of spironolactone(21) 

PEGINTERFERON ALFA-2A 

2002 

https://drugs.ncats.io/drug/15KFG88UOJ
https://drugs.ncats.io/drug/22QOO9B8KI
https://drugs.ncats.io/drug/6GQP90I798
https://drugs.ncats.io/drug/6995V82D0B
https://go.drugbank.com/drugs/DB00008
https://go.drugbank.com/drugs/DB00008
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Endogenous-based biopharmaceutical 

TEGASEROD 

2002 

Analogue of the endogenous small molecule, 

serotonin(488) 

From the discovery papers: 

“Substantial biochemical, pharmacological, 

and histochemical evidence has been accu-

mulated over the last 35 years in support for 

a role of serotonin (5-HT) as a neurotransmit-

ter, neuromodulator, and hormone. The larg-

est amount of 5-HT in the body is found in 

the gut and more precisely in the entero-

chromaffin (EC) cells of the gastrointestinal 

mucosa. Its role in the gut is complicated by 

the presence of multiple 5-HT receptor sub-

type. […] 

We report here the design and the pharmaco-

logical evaluation of a new, selective 5-HT4 

receptor agonist as well as a receptor map of 

the 5-HT4 agonist recognition site. This pro-

gram was initiated, several years ago, by the 

observation that the activity of prokinetic 

agents of the benzamide class (cisapride, 

metoclopramide, zacopride, renzapride) can 

be attributed to agonism at the 5-HT4 recep-

tor. […] 

Receptors of the 5-HT4 type have been iden-

tified both peripherally and centrally. In the 

periphery, the pharmacology of the 5-HT4 re-

ceptor has been characterized by using the 

electrically stimulated or nonstimulated 

guinea pig ileum longitudinal muscle prepa-

ration, the recently developed tunica muscu-

laris mucosae preparation of rat esophagus, 

and the guinea pig ascending and distal colon 

longitudinal muscle-myenteric plexus prepa-

rations. Agonists at the 5-HT4 receptors cause 

contractions of the guinea pig ileum and co-

lon mediated by activation of the cholinergic 

system, enhancements of ‘twitch’ responses 

in electrically stimulated guinea pig ileum, 

and relaxation of the muscularis mucosae 

preparation. […] 

Due to its potent agonism at the 5-HT4 recep-

tor (vide infra), serotonin appeared as a prom-

ising starting point for the design of new lig-

ands for this receptor. […] 

Serotonin 5-HT4 receptor agonism was meas-

ured in the electrically stimulated longitudi-

nal muscle preparations of the, guinea pig il-

eum. 5-HT causes an augmentation of con-

tractions of the guinea pig ileum induced by 

field stimulation through activation of the 5-

HT4 receptor. 5-HT is a potent agonist in this 

assay, exhibiting a pD2 value of 8.4 in the 

field-stimulated preparation. 

Biological Activities. 5-HT3 Receptor An-

tagonism. The guinea pig longitudinal mus-

cle with adhering ‘plexus myentericus’ was 

prepared as described before. […] 5-HT3 re-

ceptor-mediated contractions were measured 

isotonically […] 

Binding Experiments. The radioligand-

binding experiments have been performed as 

previously described. Radioligands used in 

the binding assays were 8-OH-DPAT (pig 

cortex), ketanserin (rat cortex), tropisetron 

(mouse N1E-1151, SCH 23390 (calf stria-

tum), spiperone (calf striatum), and prazosin 

(calf cortex) for 5-HT1A, 5-HT2A, 5-HT3, D1, 

D2, and αl receptors, respectively(520).” 

From the subsequent discovery paper: 

“The activity of a number of known agonists 

and the new compounds at the 5-HT4 receptor 

was measured using the field-stimulated 

guinea pig ileum longitudinal muscle prepa-

ration according to previously described 

methods. All compounds described in this 

https://drugs.ncats.io/drug/458VC51857
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paper behaved as agonists in this assay, as 

well as in a variety of in vivo models (stimu-

lation of myoelectric activity in dogs, gastric 

emptying in rats, small intestinal transit in 

guinea pigs), results of which will be reported 

separately(521).” 

Regarding the discovery of serotonin gastro-

intestinal effects: 

“When reading the various stories of how ser-

otonin was discovered, it immediately be-

comes apparent how fortuitous it was that 

serotonin was discovered at all. It started out 

as an annoying artifact that had to be gotten 

rid of before the real work of finding the 

cause of hypertension could be gotten to. It 

ended as one of the most important discover-

ies in neuroscience. Indeed, in many ways, 

serotonin gave birth to the field of neurosci-

ence. […] 

In the 1930’s, Dr. Erspamer was interested in 

the smooth muscle constricting or contracting 

properties of various amine substances found 

in the skins and intestinal tracts of a variety 

of species, including rabbits, mollusks, and 

frogs. One substance which interested him 

was found in enterochromaffin cells of the 

gut. An acetone isolate of the cells caused 

smooth muscle contraction, especially rat 

uterus. He deduced that the substance wasn’t 

epinephrine and that on the basis of color 

tests, it was likely an indole. He named the 

substance enteramine and continued studies 

on smooth muscle for several more years. He 

also studied the mollusc heart and the occur-

rence of enteramine in the salivary glands of 

the octopus. […] 

Dr. Page felt that hypertension could best be 

explained by the presence of endogenous 

constricting factors in blood. However, 

whenever blood was studied for such a factor, 

another substance was produced as soon as 

the blood coagulated. Dr. Page realized that 

this serum substance would have to be re-

moved from the blood preparations before 

any progress could be made on the 

hypertension-producing factor. For this, Dr. 

Page had the foresight to recruit a highly 

skilled organic chemist, Maurice Rapport, 

and an equally skilled and distinguished bio-

chemist, Arda Green. Page, Rapport, and 

Green succeeded in isolating and characteriz-

ing the serum substance and named it seroto-

nin. […] 

In order to test for such a substance, he would 

ask Arda Green to test it in the rabbit ear ar-

tery(522).” 

TREPROSTINIL 

2002 

Analogue of the endogenous prostaglandin 

I2, epoprostenol 

PEGFILGRASTIM 

2002 

“Pegfilgrastim is a PEGylated form of the re-

combinant human granulocyte colony-stimu-

lating factor (G-CSF) analogue, fil-

grastim(2).” 

RASBURICASE 

2002 

“Rasburicase is a recombinant urate-oxidase 

enzyme produced by a genetically modified 

Saccharomyces cerevisiae strain. The cDNA 

coding for rasburicase was cloned from a 

strain of Aspergillus flavus(2).” 

IBRITUMOMAB TIUXETAN 

2002 

Monoclonal Antibody 

https://drugs.ncats.io/drug/RUM6K67ESG
https://drugs.ncats.io/drug/3A58010674
https://go.drugbank.com/drugs/DB00049
https://go.drugbank.com/drugs/DB00049
https://go.drugbank.com/drugs/DB00078
https://go.drugbank.com/drugs/DB00078
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4-HYDROXYBUTANOIC ACID 

2002 

Analogue and an endogenous metabolite of 

GABA(1) 

From one of the discoverers, Henri Laborit: 

“THE importance of butyric acid in cell me-

tabolism as well as its possible role in the 

functions of certain organs such as the nerv-

ous system had induced our research group to 

study the effects of its i.v. injection in the an-

imal. A definite hypnotic action was ob-

served, but urine analysis showed that most 

of the drug injected undergoes β-oxidation. 

In an attempt to modify this metabolic fate, 

an OH-group was introduced on carbon of 

butyric acid in the hope that its electro-nega-

tive properties would alter the electronic con-

figuration of the molecule enough to interfere 

with β-oxidation. This led to the preparation 

of sodium 4-hydroxybutyrate starting from 

butyrolactone. At the same time, as 7-amino-

butyric acid does not cross the brain-blood 

barrier, it was hoped that 4-hydroxybutyrate 

in the brain might function like a GABA pre-

cursor facilitating its synthesis in the brain. 

Recently BESSMAN and FISHBEIN (1963) 

have detected the presence of 4-hydroxy-

butyric acid in physiological amounts in the 

brain under normal conditions. […] 

RESUTLS: 

Toxicity-Dosage: 

In the animal. A 10 per cent solution of so-

dium 4-hydroxybutyrate was used. Sleep, as 

determined by the maintenance of the lateral 

decubitus, can be obtained in rat with 0-5 

gm/kg by the i.p. route; in rabbit and dog, 

with 1 gm/kg by the i.v. route. In rat, the LD50 

is 1.70 gm/kg; the LD100, 2 gm/kg. The cause 

of death is respiratory depression, and under 

artificial respiration, rabbits can tolerate up to 

7 gm/kg. […] 

In man. 50 mg/kg by the i.v. route induce 

sleep. 4 gm must be injected as an initial 

dose. In surgery, depending on the duration 

of the intervention, 1 or 2 gm should be in-

jected again when needed. […] 

Quantitative determination of urinary excre-

tion 

In a 12 kg dog, after the i.v. injection of 6 gm 

of 4-hydroxybutyrate, only 720 gm are ex-

creted in 4 hours. 

Professor OSTEUX kindly made an electro-

phoretic study of cerebral aminoacids in the 

rat following administration of the drug, and 

did not observe any increase of 7-aminobu-

tyric acid. […] 

Anticonvulsant activity 

Table 2 compares the protective action of bu-

tyric acid and of sodium 4-hydroxybutyrate 

against convulsions induced by strychnine, 

cardiazol, izoniazide and ammonium chlo-

ride. 

Potentiation of anaesthetics and neurople-

gics 

In rat paradoxically, 0.25 gm/kg of 4-hy-

droxybutyrate delays the onset and shortens 

the duration of pentothal narcosis, in dogs 

however it produces pentathol as well as 

chloralose.  […] 

E.E.G. study […] 

Stereotaxic study of evoked potentials […] 

Action on monosynaptic reflexes 

Pharmacological antagonists 

In the rabbit and the dog, tile injection of 4-

hydroxybutyrate does not affect the cardio-

vascular effects of epinephrine, acetylcho-

line, atropine, serotonin and pendiomide. On 

the other hand, the hypnotic effect of the drug 

can be clearly antagonized […] 

4-hydroxybutyrate antagonizes strongly this 

electro-encephalographic excitation pro-

duced by polyphenols at the level of the tel-

encephalic centers in the ‘isolated brain’. But 

the ‘excitation-hypotonia’ syndrome persists 

https://drugs.ncats.io/drug/30IW36W5B2


254 

 

even after high sectioning of the cord due to 

the direct action of the drug on the cord. […] 

Oxygen consumption 

Both in the animal and in man, the sleep in-

duced by 4-hydroxybutyrate is not accompa-

nied by a decrease in O2 consumption. 

Action on ventilation […] 

The spirometric determination of ventilation 

per minute shows a maintenance of its initial 

value following anaesthetic doses both in the 

animal and in man. 

Action on temperature 

In the rat, rabbit and dog, 0.50 gm/kg of 4-

hydroxybutyrate causes a slight drop in body 

temperature. 

Antagonistic action against oxygen under 

pressure and ionizing radiations 

Action on the cardiovascular system 

No obvious action was observed on the iso-

lated heart of rabbit, isolated atrium, ileum or 

aortic strip. 

In the rabbit, 4-hydroxybutyrate causes a 

constant but short drop in blood pressure, 

which persists after section of the two vagi. 

In the dog, it has either no effect or causes a 

slight and progressive increase in blood pres-

sure, which appears even under controlled 

ventilation and is not tied to an increase of the 

pCO2. 

In man, an injection of 2 to 4 gm has no effect 

on blood pressure. In surgery, however, in the 

case of insufficient inhibition of the reticular 

formation by a concomitant neuroplegia 

Antishock action 

In the animal, we have observed a strong he-

patic and renal vasodilating action, which is 

particularly marked during hemorrhagic 

shock. 

Electrocardiogram 

Fifty patients were used in this study 

Blood pressure effect and carotid reflexes  

Effect on blood constituents(523).” 

ARIPIPRAZOLE 

2002 

Analogue of haloperidol 

“Aripiprazole was discovered through inves-

tigating dopamine antagonist activity in ani-

mal models. The mechanism of partial ago-

nism was demonstrated later(486)” 

From a discovery-related article cited in the 

previous quotation: 

“We have synthesized a series of new com-

pounds with a variety of modifications of 

compound 1 and examined the postsynaptic 

DA receptor antagonist activity of all com-

pounds synthesized by evaluation of their 

ability to antagonize the DA agonist apomor-

phine in the stereotypy test. Selected com-

pounds which showed a potent postsynaptic 

DA receptor antagonist activity were evalu-

ated for their DA autoreceptor agonist activ-

ity by testing their reversing effects on the γ-

butyrolactone (GBL)-induced increase in L -

dihydroxyphenylalanine (DOPA) synthesis 

in the mouse brain(524).” 

ESCITALOPRAM 

https://drugs.ncats.io/drug/82VFR53I78
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2002 

“S-enantiomer of racemic citalopram” 

HYDROQUINONE 

2002 

“In the 1930’s, Edward Oliver and his 

coworkers studied a group of workers in a 

leather tanning factory who had experienced 

total loss of pigmentation from their hands 

and forearms. A few workers noted depig-

mentation also at distant sites of the body 

such as the trunk. The depigmented skin cor-

responded to skin covered by a rubber gaunt-

let gloves worn for protection during the tan-

ning process. The palms and finger tips were 

spared. Some of the workers experienced 

itching while wearing the gloves although 

most did not develop a rash. Hair color on the 

arms and hands was not affected. 

The investigators noted that 48 individuals in 

the factory wore the rubber gloves and 25 

(52%) had leukoderma. The percentage of 

those with leukoderma seemed to vary with 

the duration of time the workers wore the 

gloves during their work shifts. The investi-

gators learned that the manufacturer of the 

rubber gloves had changed its method of pro-

duction and added the antioxidant agerite 

alba, an ingredient that improved the stability 

and aging properties of the rubber. Agerite 

alba chemically is monobenzyl ether of hy-

droquinone (monobenzone). Patch testing of 

10 men with depigmentation by application 

of various chemicals including monobenzone 

(agerite alba) produced color loss at the site 

of the patch tests. Additional studies con-

firmed that agerite alba (monobenzone) was 

indeed the culprit. Many of the affected 

workers noted repigmentation of their hands 

and arms after discontinuing the use of the 

rubber gloves. There were no deleterious 

health effects noted in the affected workers. 

A decade later, investigators interested in 

finding treatments for hyperpigmentation un-

dertook a series of studies on three chemicals, 

i.e., monobenzone, hydroquinone and para-

hydroxypropiophenone. These three chemi-

cals were chosen based on earlier publica-

tions reporting their hypopigmenting effects 

on skin and hair color. Prior investigators ob-

served that hydroquinone mixed into food of 

cats lightened the color of their fur. Oliver 

had reported the depigmenting effects of 

monobenzone. French workers noted the 

beneficial effects of para-hydroxypropiophe-

none on the hyperpigmentation of five pa-

tients with Riehl’s melanosis(525).” 

EZETIMIBE 

2002 

“The predecessors to ezetimibe were discov-

ered by using animal models for cholesterol 

lowering with no idea of the MMOA(486)” 

From the discovery paper cited in the previ-

ous quotation: 

“In this report we describe the hypocholester-

olemic activity of a newly-discovered com-

pound, (3R,4S)- 1,4-bis- (4-methoxyphenyl)-

3-(3-phenyl-propyl)-2-azetidinone (SCH 

48461), which interferes with the intestinal 

absorption of cholesterol in a number of ani-

mal species. This activity is not mediated 

through a mechanism that is attributable to 

ACAT inhibition, cholesterol esterase inhibi-

tion, cholesterol precipitation or bile acid se-

questration. Rather, this compound presuma-

bly inhibits cholesterol absorption via a novel 

and previously unknown mechanism. SCH 

48461is a potent and effective hypocholester-

olemic agent in cholesterol-fed animal mod-

els. […] 

We utilized the measurement of cholesteryl 

ester accumulation in the livers of hamsters 

fed a cholesterol-supplemented diet to assess 

the activities of novel synthetic organic com-

pounds on cholesterol absorption. This in 

vivo assay, with which SCH 48461 was iden-

tified initially, was found to constitute an in-

direct but reliable measurement of intestinal 

cholesterol absorption(526).” 

https://drugs.ncats.io/drug/XV74C1N1AE
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ATOMOXETINE 

2002 

Analogue of fluoxetine(488, 527, 528) 

“The tricyclic antidepressants, desipramine 

and nortriptyline, have emerged as alterna-

tive therapies for the treatment of ADHD. 

Desipramine and nortriptyline have high af-

finity for NE transporters relative to DA and 

serotonin (5-HT) transporters and have been 

shown in clinical evaluations of adults and 

children to be effective in ADHD. However, 

tricyclic antidepressants have significant af-

finity for α1-adrenergic, cholinergic and his-

taminergic receptors potentially resulting in 

sedation, dry mouth, weight gain and cogni-

tive impairment and also have cardiovascular 

concerns. Therefore, the tricyclic antidepres-

sants are also limited in usefulness(529).” 

“Tricyclic anti-depressants that inhibit the 

reuptake of norepinephrine, such as desipra-

mine and nortriptyline, have efficacy in treat-

ing ADHD. The same side effect issues that 

impair utility of these medicines in treating 

depression limit their use in treating ADHD, 

including anticholinergic and antihistaminer-

gic side effects. Moreover, effects of these 

drugs on cardiac conduction is of concern, 

particularly regarding use of these medicines 

in fairly healthy children. Because of some 

documented cases of sudden death in chil-

dren treated with tricyclic antidepressants, 

their use in treating ADHD has fallen into 

disfavor. 

Atomoxetine, currently under development 

for treating ADHD in adults and children, 

was one of the earliest described selective 

norepinephrine reuptake inhibitors that does 

not interact with the postsynaptic receptor 

systems that produce side-effect liabilities of 

tricyclic anti-depressants. Interestingly, it is a 

close structural analog of fluoxetine, a proto-

typic selective serotonin reuptake inhibitor 

(SSRI). Like fluoxetine, atomoxetine has 

weak affinities for adrenergic, histaminergic 

and cholinergic receptors(528).” 

“The implication of the dopaminergic and 

noradrenergic systems in ADHD has also 

provided the rationale for testing a range of 

other agents known to affect them, including 

various antidepressants. […] It was initially 

identified more than 20 years ago as part of a 

programme aimed at the discovery of antide-

pressants, but although it entered clinical tri-

als, it was dropped from development for de-

pression, as a related compound, fluoxetine 

(Prozac; Eli Lilly) looked more promising. 

However, initial trials in ADHD indicated 

that it had potential for this condition(527).” 

OLMESARTAN 

2002 

Analogue of losartan(21) 

OXALIPLATIN 

2002 

Analogue of cisplatin(21) 

VORICONAZOLE 

2002 

Analogue of miconazole(21) 

https://drugs.ncats.io/drug/ASW034S0B8
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NITISINONE 

2002 

“The discovery of both molecules originated 

with phenotypic assays, then using chemical 

biology the molecules were used to test hy-

pothesis that led to the approved indica-

tion(486).” 

“With the advent of paediatric liver trans-

plants in the late 1980s and early 1990s, 

transplant was widely offered as a treatment 

of tyrosinaemia type 1. However, the clinical 

development of nitisinone in the 1990s has 

dramatically changed this practice. Follow-

ing the observation that plants do not grow 

well under the Australian bottle-brush plant 

(Callistemon spp.), Stauffer Agrochemical 

worked on leptospermone, a polyketide natu-

ral product from the bottle-brush plant. In 

1982 they discovered the herbicidal activity 

of triketones: 2- benzoylcyclohexane-l,3-dio-

nes. 

Imperial Chemical Industries (ICI) Plant Pro-

tection division acquired Stauffer Agrochem-

ical in 1987 and started work on the triketone 

2-(2-nitro-4-trifluoromethylbenzoyl) cyclo-

hexane-l,3-dione, abbreviated as NTBC. This 

is a corn tolerant and grass and broad leaf 

weed killer which caused bleaching and sub-

sequent death of the plants due to reduced 

synthesis of plastoquinone. Animal toxicity 

studies were carried out at ICI and subse-

quently Zeneca, which was established in 

1993 by demerging of various business units 

of ICI. These studies demonstrated that rats 

treated with NTBC developed corneal lesions 

due to hypertyrosinaemia and high levels of 

tyrosine in the aqueous humour of the eyes, 

which disappeared on discontinuing of the 

herbicide. Although the herbicide pro-

gramme was abandoned, it was established 

that the hypertyrosinaemia was due to inhibi-

tion of 4-hydroxyphenylpyruvate dioxygen-

ase (HPPD), an enzyme in the tyrosine catab-

olism pathway HPPD that converts 4- hy-

droxyphenylpyruvate to homogentisic acid 

which is implicated in the pathogenesis of 

ochronosis seen in alkaptonuria. NTBC was 

shown to be a potent, time-dependent, tight 

binding yet reversible inhibitor of HPPD in 

rats.  ICI/Zeneca’s central toxicology labora-

tory collaborated with Professor Lindstedt to 

demonstrate that NTBC, in addition to being 

a rat HPPD inhibitor, was a potent inhibitor 

of human HPPD as well. Once this was 

demonstrated, Professor Lindstedt requested 

ICI/Zeneca to supply NTBC to treat children 

with tyrosinaemia type I(530).” 

GEMIFLOXACIN 

2003 

analogue of nalidixic acid 

ALFUZOSIN 

2003 

Analogue of prazosin(21) 

https://drugs.ncats.io/drug/K5BN214699
https://drugs.ncats.io/drug/OKR68Y0E4T
https://drugs.ncats.io/drug/90347YTW5F
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APREPITANT 

2003 

“Target-based screening […] 

The isolation of substance P (SP) in 1931, 

and the later discovery of its preferred neuro-

kinin (NK)1 receptor, led to an intense re-

search effort aimed at elucidating the biolog-

ical role of SP, particularly within the central 

nervous system. Large investments were 

made by multiple pharmaceutical companies 

in discovering (using HTS assays) and devel-

oping NK1 receptor antagonists such as 

aprepitant for indications including depres-

sion and pain. Although these trials were not 

successful, the role of the NK1 receptor in 

emesis provided the basis for the approval of 

aprepitant as an anti-emetic agent in patients 

receiving chemotherapy(486).” 

“Despite strong anatomical evidence sup-

porting a potential role for substance P in pain 

and affective disorders, the SPAs were inac-

tive as analgesics and as antidepressants. The 

hypothesis that substance P was involved in 

emesis was initially supported by three pre-

clinical observations: substance P was local-

ized in the emetic centers of the brain, sub-

stance P could cause emesis, and depletion of 

substance P using a toxin (resiniferatoxin) 

could prevent emesis in preclinical species 

with a vomiting reflex. The critical proof that 

the substance P/NK-1 receptor axis played a 

crucial role in mediating the vomiting re-

sponse to a number of stimuli came with 

demonstration that highly selective SPAs had 

profound activity against emesis induced by 

broad range of central and peripherally acting 

emetogens. Moreover, these SPAs were ac-

tive in multiple species with a vomiting reflex 

against a broad range of emetogens, giving 

high confidence that the mechanism would 

translate to clinically meaningful activ-

ity(531).” 

ADALIMUMAB 

2003 

Monoclonal Antibody 

PALONOSETRON 

2003 

Analogue of ondansetron 

GEFITINIB 

2003 

“Target-based screening: optimized 

MMOA subsequently identified. Gefitinib 

was discovered on the basis of assays for in-

hibition of the intracellular phosphorylation 

of the tyrosine kinase associated with the ep-

idermal growth factor receptor (EGFR), 

which is overexpressed in non-small-cell 

lung cancer cells(486).” 

From the discoverer(s): 

“Chemical compounds were tested as poten-

tial inhibitors of EGFR-TK activity in a sub-

strate phosphorylation assay with a synthetic 

peptide substrate and a plasma membrane 

preparation derived from human A431 cells, 

which overexpress the EGFR. This assay first 

identified the anilinoquinazoline class of 

EGFR-TK inhibitors, and subsequently the 

candidate drug EGFR-TK inhibitor, ZD1839 

designated Iressa(532).” 

“An important aspect of our drug discovery 

strategy required a test which would distin-

guish between specific EGFR-TKI-mediated 

effects on cell growth and non-target-specific 

cell growth inhibition or cytotoxicity. For this 

purpose we selected the human KB cell line 

derived from a vulval squamous tu-

mour(532).” 

https://drugs.ncats.io/drug/1NF15YR6UY
https://go.drugbank.com/drugs/DB00051
https://go.drugbank.com/drugs/DB00051
https://drugs.ncats.io/drug/5D06587D6R
https://drugs.ncats.io/drug/S65743JHBS
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MEMANTINE 

2003 

“Phenotypic screening: serendipitous dis-

coveries 

Memantine was first synthesized by Eli Lilly 

in the early 1960s as a potential antidiabetic 

agent, but was ineffective at lowering ele-

vated blood sugar. It was later found to have 

CNS activity, and entered clinical trials for 

dementia in Germany in 1986, but NMDA re-

ceptor antagonism was not identified as the 

mechanism of its therapeutic action until 

1989(486)” 

“As a chemotype, amantadine (19) was the 

progenitor of 4 and was originally introduced 

in the 1960s as an antiviral (influenza) medi-

cation. Serendipitously, a lone patient on 19 

for her flu infection noted improvements in 

her PD symptoms. This observation led to ad-

ditional studies and approval of 19 for the 

treatment of PD as Symmetrel, although its 

utility for influenza has languished. Thus, 

this chemotype and chemical class was rec-

ognized to have utility for neurodegenerative 

disorders in 1969. Memantine (4) was first 

synthesized in 1963 by researchers at Eli 

Lilly as a building block to prepare a series of 

N-arylsulfonyl-N′-adamantylureas as puta-

tive blood sugar lowering agents (antidiabet-

ics). While proven to be ineffective, the data 

with 19 undoubtedly led researchers at Merz 

to evaluate functionalized variants of 19 for 

CNS activity, such as 4. Thus, in 1972, Merz 

and Co. filed patent applications for 4 with 

CNS activities relevant to PD and other cere-

bral disorders. The NMDA receptor pharma-

cology was not discovered until after clinical 

trials had initiated, but successful trials led to 

the approval of 4 in Germany in 1989 under 

the brand name Axura and the INN name me-

mantine(533).” 

Also see the amantadine entry. 

AGALSIDASE BETA 

2003 

“Agalsidase beta is a recombinant human α-

galactosidase A similar to agalsidase 

alfa(2).” 

VARDENAFIL 

2003 

Analogue of sildenafil(488) 

TADALAFIL 

2003 

Analogue(486) of sildenafil 

ATAZANAVIR 

2003 

Analogue(21) of saquinavir 

https://drugs.ncats.io/drug/W8O17SJF3T
https://go.drugbank.com/drugs/DB00103
https://go.drugbank.com/drugs/DB00103
https://drugs.ncats.io/drug/UCE6F4125H
https://drugs.ncats.io/drug/742SXX0ICT
https://drugs.ncats.io/drug/QZU4H47A3S
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BORTEZOMIB 

2003 

“Target-based screening […] 

Bortezomib was discovered as proteasome 

inhibitor, and an initial aim was to harness 

this activity to treat muscle-wasting disor-

ders. However, based on growing under-

standing of its biological activity — in partic-

ular, its anticancer effects — bortezomib was 

first approved for multiple myeloma(486).” 

From the discoverer(s): 

“The development of proteasome inhibitors 

for treatment of cancers has had a curious his-

tory that reflects the multiple strands of my 

own research career. When we initiated this 

research, we were not aiming to find new 

cancer therapies. Instead, our goal was based 

upon my long-standing interest (spanning al-

most 50 yr) to clarify the mechanisms of mus-

cle atrophy, as occurs upon disuse, aging, or 

disease (e.g., cancer). These early experi-

ments demonstrated unexpectedly that the 

rapid loss of muscle protein after denervation 

or fasting was caused primarily by an accel-

eration of overall protein breakdown rather 

than a reduction in protein synthesis, thereby 

providing the first evidence that overall rates 

of protein breakdown in mammalian cells are 

precisely regulated and help determine mus-

cle size. […] 

Eventually, our two research interests in the 

physiological regulation of muscle protein 

breakdown and in the biochemical mecha-

nism for proteolysis began to interconnect. In 

the late 1980s, we showed that the excessive 

proteolysis responsible for muscle wasting in 

many rodent disease models (e.g., cancers, 

renal failure, or denervation atrophy) was pri-

marily caused by an activation of the ubiqui-

tin–proteasome pathway. […] 

The first proteasome inhibitors synthesized 

were simple peptide aldehydes, which were 

analogues of the preferred substrates of the 

proteasome’s chymotrypsin-like active site. 

These inhibitors were not obtained through 

random screening of huge chemical libraries 

but instead were initially synthesized based 

on our knowledge of the substrate specificity 

of the proteasome’s active sites. Although the 

proteasome’s architecture and enzymatic 

mechanisms were unknown at the time, it 

was clear that the chymotrypsin-like site is 

the most important one in protein breakdown, 

and we knew that small hydrophobic peptides 

could often penetrate cell membranes. There-

fore, the C termini of hydrophobic peptide 

substrates were derivatized to form peptide 

aldehydes, which were known to be effective 

inhibitors of serine and cysteine proteases. 

(Thus, MG132 is, in fact, simply carboben-

zyl-Leu-Leu-Leu-aldehyde). This compound 

was the lead molecule in medicinal chemistry 

efforts led by Julian Adams to enhance po-

tency, selectivity, and stability. In place of 

the aldehyde, he introduced the critical boro-

nate ‘warhead,’ which increased its potency 

50–100-fold, and modifications in the pep-

tide backbone then generated bortezomib 

within months. […] 

The 20S proteasome was subsequently found 

to have a unique proteolytic mechanism, 

through the x-ray crystallographic studies of 

Huber and Baumeister(534).” 

EPINASTINE 

2003 

Analogue of diphenhydramine(21) 

LARONIDASE 

https://drugs.ncats.io/drug/69G8BD63PP
https://drugs.ncats.io/drug/Q13WX941EF
https://go.drugbank.com/drugs/DB00090
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2003 

Human recombinant α-L-iduronidase(2) 

ENFUVIRTIDE 

2003 

“Enfuvirtide is a synthetic peptide derived 

from gp41 of HIV1. Initially, synthetic pep-

tides derived from gp41 were not targeted as 

inhibitors of HIV1 fusion, but were investi-

gated as part of epitope-mapping experiments 

aimed at evaluating strategies in vaccine de-

velopment. It was observed that when these 

were incubated with human T cells, an anti-

viral effect was seen(486).” 

MIGLUSTAT 

2003 

“Phenotypic screening of compound-spe-

cific libraries based on significant prior 

knowledge of compound properties […] 

“It was originally developed as an antiviral 

agent because most enveloped viruses use the 

same pathway for glycoprotein synthesis in 

infected cells(486)” 

From the discovery paper cited in the previ-

ous quotation: 

“We have investigated the effects of deox-

ynojirimycin and its alkylated derivatives on 

the biosynthesis of glycolipids in HL-60 

cells. […] 

The imino sugar N-butyldeoxynojirimycin 

(NB-DNJ) is an inhibitor of the N-linked oli-

gosaccharide processing enzymes a-gluco-

sidase I and II and is an inhibitor of HIV rep-

lication in vitro. It is probable, although not 

proven, that these two activities are causally 

related. This compound is currently under 

clinical evaluation as a potential AIDS thera-

peutic and has been found to exhibit little cy-

totoxicity in vitro. 

To understand more completely the range of 

activities exhibited by this glucose analogue 

we wished to determine whether or not NB-

DNJ can also inhibit glucosyltransferases in-

volved in glycoconjugate biosynthesis. We 

have focused on the glycolipid biosynthetic 

pathway which is initiated by the glucosyl-

transferase-catalyzed synthesis of gluco-

sylceramide (Glc-Cer). We have established 

in this report that the imino sugar NB-DNJ is 

a potent inhibitor of the glycolipid biosyn-

thetic pathway and offers a unique approach 

for selectively manipulating cellular glycoli-

pid levels(535).” 

EMTRICITABINE 

2003 

analogue of gemcitabine 

IBANDRONIC ACID 

2003 

Analogue of etidronic acid 

PEGVISOMANT 

2003 

From the discoverer(s): 

“Using a structure–function approach to the 

understanding of the molecular topology of 

the GH molecule, we discovered that glycine 

in the third a-helix of GH (G119 of bovine 

GH and G120 of human GH) was an 

https://drugs.ncats.io/drug/19OWO1T3ZE
https://drugs.ncats.io/drug/ADN3S497AZ
https://drugs.ncats.io/drug/G70B4ETF4S
https://drugs.ncats.io/drug/UMD7G2653W
https://go.drugbank.com/drugs/DB00082
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important amino acid required for GH action. 

Substitution of this glycine residue with a va-

riety of amino acids results in molecules that 

lack growth-promoting activity. More im-

portantly, these molecules inhibit the actions 

of GH both in vitro and in vivo. These results, 

obtained more than a decade ago, were the 

basis for the discovery of GH antago-

nists(536).” 

SERTACONAZOLE 

2003 

Analogue(486) of miconazole 

ROSUVASTATIN 

2003 

Analogue of lovastatin(21) 

DAPTOMYCIN 

2003 

“Phenotypic screening of ‘random’ com-

pound library(486)” 

From the discoverer(s): 

“Daptomycin is a natural product of a soil ac-

tinomycete, as are most of the important an-

tibiotics developed in the past 50 years. The 

producing microorganism, Streptomyces ro-

seosporus, was isolated by scientists at Eli 

Lilly from a soil sample from Mount Ararat 

(Turkey). This sporulating actinomycete pro-

duced a family of lipopeptide antibiotics des-

ignated A21987C. Eli Lilly scientists also 

isolated a strain of Actinoplanes utahensis 

that produced a secreted deacylase that could 

cleave the natural long-chain lipid side chains 

from the A21978C factors. This enabled the 

production of the core cyclic peptide for reac-

ylation with different lipid side chains. Dap-

tomycin, which contains an n-decanoyl side 

chain, was chosen for clinical development 

because of its in vivo efficacy and low tox-

icity in animals(537).” 

OMALIZUMAB 

2003 

Monoclonal Antibody 

DULOXETINE 

2004 

Analogue of fluoxetine 

GLUTAMINE 

2004 

Endogenous amino acid(217) 

https://drugs.ncats.io/drug/72W71I16EG
https://drugs.ncats.io/drug/413KH5ZJ73
https://drugs.ncats.io/drug/NWQ5N31VKK
https://drugs.ncats.io/drug/2P471X1Z11
https://drugs.ncats.io/drug/O5TNM5N07U
https://drugs.ncats.io/drug/0RH81L854J
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CINACALCET 

2004 

“Nemeth and coworkers used a library of 

phenylalkylamines in a phenotypic assay to 

discover cinacalcet(486).” 

From Nemeth: 

“High-throughput screening was not used to 

discover calcimimetics. The approach that 

was used is no secret and is stated plainly in 

the first sentence of the Results section: ‘To 

screen for agonist-like activity on the Ca2+ re-

ceptor, we assessed the ability of test sub-

stances to evoke an increase in [Ca2+]i in bo-

vine parathyroid cells.’ In the absence of a 

parathyroid cell line or a cDNA encoding the 

calcium receptor, this seemed to be the best, 

perhaps only, approach. Moreover, most of 

the evidence supporting the existence of the 

calcium receptor derived from studies in dis-

sociated bovine parathyroid cells and we 

knew a lot about the characteristics of the 

(still putative) calcium receptor in these cells. 

It was, and remains a tedious and laborious 

assay and at best permits the screening of 20 

to 40 compounds a week—truly ultra-low 

throughput. By today’s standards, a techni-

cally unsophisticated assay bordering on the 

comical. But it was a functional assay, with a 

physiologically meaningful readout, and this, 

it turns out, was pivotal to the discovery of 

type II calcimimetics—the allosteric modula-

tors. Despite all the hype about translational 

molecular medicine, calcimimetics were dis-

covered in the old fashioned way, by testing 

compounds on live animal tissue in an assay 

configured to detect compounds having the 

desired therapeutic effect. In his Nobel Lec-

ture, Sir James Black explains how this is 

done and how this approach yielded two (not 

just one) first-in-class drugs: propranolol and 

cimetidine. And he did it without a clue about 

the structure of the receptors these drugs tar-

get(538).” 

LANTHANUM CATION (3+) 

2004 

SOLIFENACIN 

2004 

Analogue(486) of scopolamine 

DARIFENACIN 

2004 

Analogue(486) of solifenacin 

https://drugs.ncats.io/drug/UAZ6V7728S
https://drugs.ncats.io/drug/O7FU5X12W5
https://drugs.ncats.io/drug/A8910SQJ1U
https://drugs.ncats.io/drug/APG9819VLM
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ZICONOTIDE 

2004 

“Phenotypic screening of compound-spe-

cific libraries based on significant prior 

knowledge of compound properties […] 

Ziconitide is derived from a toxin iolated 

from Conus geogruphus, a marine snail that 

captures fish by injecting a potent venom 

through a disposable harpoon-like tooth. 

During routine bioassays of chromatographic 

fractions, some fractions caused a persistent 

shaking in mice that had been injected intrac-

erebrally(486).” 

From the discovery paper(486): 

“We have been investigating ɷ-conopeptides 

from several species of Conus and have char-

acterized peptides with high affinity for N-

type channels that bind in a reversible man-

ner. We have synthesized relatively large 

quantities of peptides corresponding to nine 

naturally occurring ɷ-conopeptides derived 

from five different species of Conus and ex-

amined their biochemical, electrophysiologi-

cal, and pharmacological properties. The syn-

thetic peptide SNX-111, corresponding to the 

structure of the ɷ-conopeptide MVIIA from 

Conus magus, was found to be a highly effec-

tive neuroprotective agent in animal models 

of transient global ischemia(539).” 

ACAMPROSATE 

2004 

“Modified natural substance 

Acamprosate. Acamprosate was discovered 

based on evidence for a role of GABA in the 

action of ethanol. The evidence led Boismare 

and coworkers to study the effects of homo-

taurine, a potent and stable GABA receptor 

ligand in rats. The acetylated form of homo-

taurine, acamprosate, was used to increase 

brain penetration(486).” 

TIOTROPIUM 

2004 

Analogue of methscopolamine 

TROSPIUM 

2004 

Analogue of methscopolamine(21) 

PEGAPTANIB 

2004 

Polynucleotide aptamer 

BEVACIZUMAB 

2004 

Monoclonal Antibody 

TRYPAN BLUE 

2004 

Dye 

https://drugs.ncats.io/drug/7I64C51O16
https://drugs.ncats.io/drug/N4K14YGM3J
https://drugs.ncats.io/drug/0EB439235F
https://drugs.ncats.io/drug/T4Y8ORK057
https://drugs.ncats.io/drug/2H1PA8H1EN
https://go.drugbank.com/drugs/DB00112
https://go.drugbank.com/drugs/DB00112
https://drugs.ncats.io/drug/I2ZWO3LS3M
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ESZOPICLONE 

2004 

Analogue of zolpidem 

From the earliest reporting paper 

“The pharmacological properties of 6-(5-

chloropyrid-2-yl)-5-(4-methylpiperazin-l-yl) 

carbonyl-oxy-7-oxo-5,6 dihydropyrrolo [3,4-

b] pyrazine (=Rr 27 267) were compared with 

those of chlordiazepoxide and nitrazepam in 

a variety of animal tests: pentylenetetrazole-

induced convulsions and max. electroshock 

in mice and rats, footshock fighting behav-

iour, traction and rota-rod in mice, loss of 

righting reflex in normal and in chlorproma-

zine-pre-treated mice, inclined screen and in-

tercollicular decerebrate rigidity in rats, mus-

cle relaxation in unanesthetized cats and in-

hibition of spinal polysynaptic reflexes in 

anesthetized cats(540).” 

RIFAXIMIN 

2004 

Analogue of rifampin(541) 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

CETUXIMAB 

2004 

Monoclonal Antibody 

NATALIZUMAB 

2004 

Monoclonal Antibody 

INSULIN GLULISINE 

2004 

Endogenous-based biopharmaceutical 

ILOPROST 

2004 

Analogue of prostaglandin I2, epoprostenol 

PREGABALIN 

2004 

Analogue of gabapentin and the endogenous 

substance, GABA(488) 

PALIFERMIN 

2004 

Recombinant human keratinocyte growth 

factor(2) 

https://drugs.ncats.io/drug/UZX80K71OE
https://drugs.ncats.io/drug/L36O5T016N
https://go.drugbank.com/drugs/DB00002
https://go.drugbank.com/drugs/DB00002
https://go.drugbank.com/drugs/DB00108
https://go.drugbank.com/drugs/DB00108
https://drugs.ncats.io/drug/7XIY785AZD
https://drugs.ncats.io/drug/JED5K35YGL
https://drugs.ncats.io/drug/55JG375S6M
https://drugs.ncats.io/drug/QMS40680K6
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AZACITIDINE 

2004 

Analogue of cytarabine 

“Phenotypic screening of compound-spe-

cific libraries based on significant prior 

knowledge of compound properties 

Azacitidine. Azacitidine is a nucleoside ana-

logue of cytidine that specifically inhibits 

DNA methylation by trapping DNA methyl-

transferases. It was originally developed as a 

cytotoxic agent, and an application to the 

FDA requesting its approval as such was 

turned down more than 25 years ago. The dis-

covery in the early 1980s that it was a hypo-

methylating agent, and the elucidation of the 

role of DNA hypermethylation in cancer, 

prompted its re-evaluation and eventually led 

to its approval(486).” 

CLOFARABINE 

2004 

Analogue of cytarabine 

TINIDAZOLE 

2004 

Analogue of metronidazole 

ERLOTINIB 

2004 

Analogue(486, 542) of gefitinib 

PEMETREXED 

2004 

Analogue(486) of methotrexate 

CONIVAPTAN 

2005 

“Target-based screening […] 

Conivaptan was developed in a programme 

to identify orally active arginine vasopressin 

(AVP) antagonists for both the V1A and V2 

receptors, based on the hypothesis that block-

ing the properties of both receptors — vaso-

constriction and water reabsorption, respec-

tively — would be beneficial in congestive 

https://drugs.ncats.io/drug/M801H13NRU
https://drugs.ncats.io/drug/762RDY0Y2H
https://drugs.ncats.io/drug/033KF7V46H
https://drugs.ncats.io/drug/J4T82NDH7E
https://drugs.ncats.io/drug/04Q9AIZ7NO
https://drugs.ncats.io/drug/0NJ98Y462X
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heart failure(486).” 

SORAFENIB 

2005 

“Target-based screening: optimized 

MMOA subsequently identified […] 

Considerable biological data supported the 

choice of targeting Raf kinase as an anti-

cancer target. Additionally, drug discovery 

assays were available to allow initiation of a 

high-throughput screening (HTS) approach, 

followed by medicinal chemistry optimiza-

tion. These efforts lead to the discovery of so-

rafenib(486).” 

From the discovery paper: 

“The lead series for the Raf kinase project can 

be broadly defined as bis-aryl ureas. Many 

thousand medicinal chemistry compounds, 

from either medicinal chemistry directed syn-

theses or numerous combinatorial libraries, 

were screened through the Raf kinase bio-

chemical assay. Compounds were first ana-

lyzed for in vitro activity against recombi-

nant, activated human Raf kinase. 

Active compounds (<500 nM) were then 

tested in a mechanistic cellular assay. The ac-

tivity of endogenous phosphorylated MEK 

was assayed by a high throughput immuno-

precipitation assay of MEK in response to es-

tradiol stimulation of an estrogen receptor 

(ER) fused to a Raf kinase construct within a 

mouse 3T3 cell line. 

Compounds that demonstrated inhibition of 

Raf kinase-mediated MEK phosphorylation 

in cells were then analyzed for their ability to 

inhibit HCT116 tumor cell proliferation in 

vitro, as well as for inhibition of soft agar 

growth (both HCT116 and MiaPaca-2 cell 

lines), a hallmark of transformation. Finally, 

the lead compounds were also tested in a tu-

mor cell-based mechanistic assay monitoring 

the inhibition of MEK and ERK phosphory-

lation in HCT116 tumor cells. Counter-

screening was performed using biochemical 

assays for MEK and ERK activity, as well as 

a cell-based assay for insulin receptor func-

tion. This drug discovery effort led to the se-

lection of BAY 43-9006 as a candidate for 

clinical development(543).” 

LENALIDOMIDE 

2005 

Analogue of thalidomide(1) 

ENTECAVIR  

2005 

Analogue of acyclovir 

TIPRANAVIR 

2005 

Analogue(486) of lopinavir 

https://drugs.ncats.io/drug/9ZOQ3TZI87
https://drugs.ncats.io/drug/F0P408N6V4
https://drugs.ncats.io/drug/NNU2O4609D
https://drugs.ncats.io/drug/ZZT404XD09
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NELARABINE 

2005 

Analogue of cytarabine 

“Phenotypic screening of compound-spe-

cific libraries based on significant prior 

knowledge of compound properties […] 

Nucleoside analogues have proven to be a 

highly successful class of cytotoxic drugs for 

the treatment of haematological cancers. 

These compounds, such as cytarabine, work 

primarily by incorporation of their triphos-

phate form into DNA, resulting in apoptosis. 

The deoxyguanosine analogue 9-b- D -arabi-

nofuranosylguanine (ara-G), was discovered 

in the 1960s, but was not used clinically be-

cause of its poor solubility characteristics. 

However, studies starting in the 1970s on a 

naturally occurring disease, purine nucleo-

side phosphorylase deficiency (PNP), pro-

vided a rationale for developing deoxyguano-

sine analogues. Ara-G was found to be selec-

tively toxic to T cells compared with B cells, 

and a water-soluble prodrug of ara-G, 

nelarabine (also known as compound 

506U78), was subsequently devel-

oped(486).” 

HYALURONIDASE (HUMAN) 

2005 

Endogenous-based biopharmaceutical 

MECASERMIN 

2005 

Recombinant-DNA-engineered human insu-

lin-like growth factor-1(2) 

TIGECYCLINE 

2005 

Analogue of oxytetracycline 

MICAFUNGIN 

2005 

Analogue(486) of caspofungin 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

“The lead compounds from which micafun-

gin was derived, FR901379, and several re-

lated compounds were discovered from 

amongst about 6000 broth samples, and were 

detected by antifungal activity against C. al-

bicans and Aspergillus fumigatus. These new 

compounds were found to be members of the 

echinocandin-like class of lipopeptides. Echi-

nocandin B, pneumocandin B0, and other 

echinocandin-like lipopeptides are character-

ized structurally by a cyclic hexapeptide ac-

ylated with a long side chain, and have excel-

lent anti-Candida activity(544)” 

PRAMLINTIDE 

2005 

Analogue of human amylin(1) 

“The synthetic analogue pramlintide acetate 

differs from amylin in that the amino acid res-

idues at 25 (alanine), 28 (serine), and 29 (ser-

ine) have been replaced by proline residues. 

These substitutions increase the solubility of 

the drug and decrease its aggregation and ad-

hesion properties, which have been noted 

with amylin(486).” 

https://drugs.ncats.io/drug/60158CV180
https://go.drugbank.com/drugs/DB14740
https://go.drugbank.com/drugs/DB01277
https://drugs.ncats.io/drug/70JE2N95KR
https://drugs.ncats.io/drug/R10H71BSWG
https://go.drugbank.com/drugs/DB01278
https://go.drugbank.com/drugs/DB01278
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RAMELTEON 

2005 

Analogue of the endogenous substance, mel-

atonin(486) 

“Ramelteon was synthesized as part of a pro-

gram aimed at limiting the conformational 

flexibility of the methoxy group of melato-

nin, whose orientation is important for opti-

mal binding to the MT1 receptor(486).” 

From the discovery paper of melatonin: 

“During the past forty years investigators 

have reported that injection of pineal gland 

extracts into tadpoles, frogs, toads and fish 

produces lightening of skin color. Recently it 

was found that such extracts, by causing ag-

gregation of melanin granules within the mel-

anocytes of isolated pieces of frog skin, re-

verse the darkening effect of the melanocyte 

stimulating hormone (MSH). We wish to re-

port isolation from beef pineal glands of the 

active factor that can lighten skin color and 

inhibit MSH. It is suggested that this sub-

stance be called melatonin. […] 

Bioassay was performed using isolated Rana 

pipiens skin darkened with caffeine. The 

lightening effect of the test substance on the 

melanocytes was measured photometrically 

with transmitted light. This revealed that 95% 

of recoverable biologic activity was present 

at the position of the blue spot. […] 

In preventing darkening of frog skin by 

MSH, melatonin, the active pineal gland fac-

tor, was at least 100 times as active on a 

weight basis as adrenaline or noradrenaline, 

200 times as active as tri-iodothyronine and 

5,000 times as active as serotonin. Melatonin 

had no adrenaline nor noradrenaline-like ac-

tivity on rat uterus and no serotonin-like ac-

tivity on clam heart. No melatonin activity 

was detected in beef pituitary, hypothalamus, 

thymus, thyroid, adrenal, ovary, testis or 

eye(545).” 

From an early paper on the effect of light on 

melatonin synthesis: 

“The mass, morphology, and biochemical 

composition of the mammalian pineal gland 

can be altered by varying the amount of light 

or darkness to which the animal is exposed: 

constant exposure to light decreases the 

weight of the pineal gland in the rat; this ef-

fect does not require the presence or normal 

functioning of the pituitary gland, gonads, 

adrenals, or thyroid. Constant illumination 

also decreases the size of pinealocyte nucle-

oli and the level of cytoplasmic basophilia. 

This has been interpreted as indicating a de-

crease in pineal RNA synthesis. The reverse 

histologic picture is found when rats are 

placed in continuous darkness. 

It has recently been demonstrated that the ad-

ministration of minute amounts of melatonin 

subcutaneously over long periods inhibits 

ovarian growth and the incidence of estrus in 

young rats. Larger doses produce a decrease 

in the size of seminal vesicles in male rats, 

and inhibit the response of the thyroid to me-

thylthiouracil. […] 

The physiological disposition of intrave-

nously-administered tritiated melatonin is al-

tered in the rat exposed to continuous light, 

while minute doses of this compound inter-

fere with the persistent estrus induced by 

light. Since the actions and disposition of 

melatonin seem to be related to light expo-

sure in the mammal, studies were undertaken 

to determine whether the capacity of the rat 

pineal gland to synthesize melatonin from its 

immediate precursor was also subject to pho-

tic regulation. Our experiments show that 

https://drugs.ncats.io/drug/901AS54I69
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exposure of rats to constant darkness for as 

little as 6 days induces a striking increase in 

the activity of HIOMT in the pineal gland. 

Sprague-Dawley female rats were placed in 

constant light(546)” 

From the discovery paper of melatonin’s ef-

fect on sleep: 

“The relatively high level of melatonin in the 

pineal gland of the mammalian brain 1 sug-

gests that besides its inhibitory action on gon-

adal function it may also play the role of a 

modulator substance within the central tryp-

taminoceptive structures postulated by BRO-

DIE and SHORE. The recent finding that it is 

capable of preventing thyroid hyperplasia 

caused by methylthiouracil 4 also suggests 

such a possibility. 

In the present study, carried out upon 11 adult 

cats, micro-amounts of crystalline melatonin 

where administered directly through chroni-

cally implanted stainless steel cannulae into 

three subcortical structures according to Jas-

per, Ajmone-Marsan coordinates: preoptic 

region, nucleus centralis medialis and to the 

brain stem reticular formation. The general 

behavior of the animals was observed in a rel-

atively sound-proof box and EEG recordings 

made simultaneously. After 3-5 experiments 

repeated on each animal at 6-8 day intervals 

the brains were fixed in formalin and the sites 

of deep electrodes and of cannulae checked 

histologically(547).” 

NEPAFENAC 

2005 

Analogue of indomethacin 

EXENATIDE 

2005 

“Exenatide is a synthetic derivative of 39-

amino acid GLP1 agonist isolated from the 

salivary gland venom of the lizard Helo-

derma suspectum (Gila monster). This pep-

tide has 53% amino acid similarity to mam-

malian GLP1(486)” 

“The major interest in heloderma venoms is 

in their biologically active peptides desig-

nated helospectins, helodermin, exendin-3 

and exendin-4, all of which, through different 

receptors, activate adenylyl cyclase. Discus-

sion of helospectins and helodermin which 

bind to and stimulate VIP and secretin recep-

tors, is beyond the scope of this article. How-

ever, these peptides were discovered with the 

knowledge that crude venom of both Helo-

derma horridum and Heloderma suspectum 

stimulates adenylyl cyclase activity and am-

ylase release from guinea-pig dispersed pan-

creatic acini(548).” 

From the discovery paper of the secretagogue 

effect of the venom cited in the previous quo-

tation: 

“In the present study, we undertook a system-

atic examination of the effects of venoms 

from various arthropods and reptiles on dis-

persed acini from guinea pig pancreas. 

Venom from Gila monster (family Heloder-

matidae) was found to increase pancreatic en-

zyme secretion by interacting with vasoactive 

intestinal peptide (VIP) receptors to activate 

adenylate cyclase and increase cellular 

cAMP. […] 

Tissue preparation. A guinea pig was killed 

by a blow to the head. The pancreas was re-

moved and trimmed of fat and mesentery. 

Dispersed acini were then prepared using pu-

rified collagenase and mild shearing forces as 

described previously(549).” 

DEFERASIROX 

2005 

https://drugs.ncats.io/drug/0J9L7J6V8C
https://go.drugbank.com/drugs/DB01276
https://go.drugbank.com/drugs/DB01276
https://drugs.ncats.io/drug/V8G4MOF2V9
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Iron-chelating agent 

ABATACEPT 

2005 

“Abatacept is a soluble fusion protein, which 

links the extracellular domain of human cy-

totoxic T-lymphocyte-associated antigen 4 

(CTLA-4) to the modified Fc (hinge, CH2, 

and CH3 domains) portion of human immu-

noglobulin G1 (IgG1)(2).” 

GALSULFASE 

2005 

“Galsufase is a variant form of the polymor-

phic human enzyme N-acetylgalactosamine 

4-sulfatase of recombinant DNA origin(2).” 

INSULIN DETEMIR 

2005 

Long-acting analogue of human insulin(1) 

ECAMSULE 

2006 

“Ecamsule affords broad spectrum protection 

against the sun’s UVB and UVA rays. Ex-

posed to UV, ecamsule undergoes reversible 

photoisomerization, followed by photoexci-

tation. The absorbed UV is then released as 

thermal energy, without penetrating the 

skin(1).” 

RANOLAZINE 

2006 

“Phenotypic screening of compound-spe-

cific libraries based on significant prior 

knowledge of compound properties […] 

Ranolazine (RS-43285) was first identified 

by screening potential channel blockers in a 

canine model of myocardial ischae-

mia(486).” 

RANIBIZUMAB 

2006 

Monoclonal Antibody 

POSACONAZOLE 

2006 

Analogue(486) of itraconazole(2) 

DARUNAVIR 

2006 

Analogue of saquinavir 

VORINOSTAT 

2006 

“Phenotypic screening: serendipitous dis-

coveries […] 

Charlotte Friend was studying murine 

erythroleukaemia cells (MELC) and in an ef-

fort to ‘soften them’ for transfection, she cul-

tured the cells with 280 mM DMSO in aque-

ous buffer. Approximately two-thirds of 

these cancer cells turned red — suggesting 

the presence of haemoglobin. Subsequently, 

other polar, small-molecule solvent species 

were observed to also induce the cytodiffer-

entiation and growth arrest of MELCs and 

that simple amides were in fact somewhat 

more potent than DMSO. The molecular 

mechanism of action (MMOA) was identi-

fied using cell-based screens. It was 

https://go.drugbank.com/drugs/DB01281
https://go.drugbank.com/drugs/DB01281
https://go.drugbank.com/drugs/DB01279
https://go.drugbank.com/drugs/DB01279
https://drugs.ncats.io/drug/4FT78T86XV
https://drugs.ncats.io/drug/M94R1PM439
https://drugs.ncats.io/drug/A6IEZ5M406
https://go.drugbank.com/drugs/DB01270
https://go.drugbank.com/drugs/DB01270
https://drugs.ncats.io/drug/6TK1G07BHZ
https://drugs.ncats.io/drug/YO603Y8113
https://drugs.ncats.io/drug/58IFB293JI
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subsequently discovered that suberoylani-

lidehydroxamic acid (SAHA, vorinostat) in-

hibits the activity of histone deacetylases 

(HDACs), including all 11 known human 

class I and class II HDACs(486).” 

SITAGLIPTIN 

2006 

“Target-based screening […] 

Advances in the understanding of the actions 

of endogenous glucoregulatory peptide hor-

mones, known as incretins, identified new 

therapeutic targets for type 2 diabetes. Two 

incretins — glucose-dependent insulino-

tropic polypeptide (GIP) and glucagon-like 

peptide-1 (GLP1) — potentiate glucose-de-

pendent insulin secretion from islet b-cells by 

activating specific G-protein-coupled recep-

tors. However, although native GLP1(7–36) 

amide effectively lowers blood glucose, it is 

rapidly degraded by the ubiquitous serine 

protease dipeptidyl peptidase-4 (DPP4). 

Sitagliptin, a DPP4 inhibitor, was discovered 

in an iterative discovery approach aimed at 

optimizing metabolic properties while retain-

ing efficacy(486).” 

From the discoverer(s): 

“Following the completion of the studies de-

scribed above, the objective of the internal 

program was to identify a potent DPP-4 in-

hibitor for development with 41000-fold se-

lectivity over related proline peptidases, es-

pecially DPP-8 and DPP-9. […] 

High throughput screening led to the identifi-

cation of surprisingly few hits, and only two, 

b-aminoacyl amide 9 and piperazine 10, were 

deemed worthy of extensive follow-

up(550).” 

ANIDULAFUNGIN 

2006 

Analogue(486) of caspofungin 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

LUBIPROSTONE 

2006 

Analogue of Prostaglandin E1 

PALIPERIDONE 

2006 

Analogue of risperidone, the primary active 

metabolite of risperidone(2). 

SUNITINIB 

2006 

“Target-based screening: optimized 

MMOA subsequently identified […] 

Sunitinib (SU11248) was identified as a po-

tent inhibitor of the VEGFR and platelet-de-

rived growth factor receptor (PDGFR) ki-

nases. VEGFR2 and PDGFR are important in 

cancer-cell proliferation and survival, and 

also in tumour angiogenesis. Data from pre-

clinical and animal models suggested that 

simultaneous inhibition of VEGFR2 and 

PDGFR might produce greater antitumour ef-

fects than inhibition of either receptor tyro-

sine kinase alone, leading to the development 

and prioritization of agents that inhibited 

both of these receptors(486).” 

https://drugs.ncats.io/drug/QFP0P1DV7Z
https://drugs.ncats.io/drug/9HLM53094I
https://drugs.ncats.io/drug/7662KG2R6K
https://drugs.ncats.io/drug/838F01T721
https://drugs.ncats.io/drug/V99T50803M
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VARENICLINE 

2006 

Analogue of cytisine(551) 

“Cytisine was first discovered in 1818 and 

was isolated in 1865. In 1912, cytisine’s bio-

logical effects were reported to be nearly 

identical to those of nicotine, and cytisine 

was proposed as an inexpensive, readily 

available replacement for tobacco. Conse-

quently, the Cytisus plant was reportedly 

smoked during World War II by German and 

Russian soldiers as a tobacco substitute. In 

1964, a Bulgarian pharmaceutical company 

named Sopharma marketed cytisine as a 

smoking cessation aid under the brand name 

‘Tabex.’ Although clinical trials during the 

1960’s and 1970’s reported that cytisine pro-

duced quit rates between 21–30% at six-

month follow-up, these studies were not con-

ducted systematically. A later placebo-con-

trolled trial published in the New England 

Journal of Medicine reported more modest 

effects of cytisine on sustained abstinence at 

12-month follow up: 8.4% of subjects re-

mained abstinent on cytisine compared to 

2.4% on placebo. Similarly, a more recent 

meta-analysis based on two studies deemed 

to be of high quality reported a ~three-fold 

increase (random ratio = 3.29) in the likeli-

hood of maintaining abstinence at six-month 

follow-up with cytisine use compared to pla-

cebo. Cytisine’s low efficacy may be due in 

part to poor absorption and crossing of the 

blood brain barrier. […] 

Varenicline tartrate was originally developed 

as a smoking cessation agent by Pfizer in 

1997 based on the molecular structure of cyt-

isine(551).” 

“Phenotypic screening: intentional/known 

target seeking improved MMOA […] 

Varenicline was discovered through the syn-

thesis of a series of compounds inspired by 

the natural product (–)-cytisine, which was 

previously known to have partial agonist ac-

tivity at nAChRs(486).” 

“Phenotypic screening of compound-spe-

cific libraries based on significant prior 

knowledge of compound properties […] 

Lubiprostone is a derivative of prostaglandin 

E1 (PGE1). The first evidence that lubipro-

stone increased intestinal water secretion and 

intestinal fluid chloride concentrations was 

reported in 2002. The exact MMOA is still 

unclear although some controversial evi-

dence suggests a role for chloride channels. 

We could not identify a report that explicitly 

described the method of discovery. However, 

we deduce for the literature that it was dis-

covered using phenotypic assays. It is mar-

keted for the treatment of chronic constipa-

tion(486).” 

“In vivo testing of specific compounds prob-

ably based on the finding that a known side 

effect of prostaglandins is diarrhea(542).” 

RASAGILINE 

2006 

Analogue(486) of selegiline 

ARFORMOTEROL 

https://drugs.ncats.io/drug/W6HS99O8ZO
https://drugs.ncats.io/drug/003N66TS6T
https://drugs.ncats.io/drug/F91H02EBWT
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2006 

Enantiopure formoterol 

SINECATECHINS 

2006 

“Phenotypic screening: serendipitous dis-

coveries […] 

The mode of action of sincatechins in the 

clearance of genital and perianal warts is un-

known. In vitro, they have antioxidative ac-

tivity; however, the clinical significance of 

this finding is unknown. Archaeological evi-

dence suggests that tea plant culture is likely 

to have originated in China more than 5,000 

years ago, from where it was brought to India, 

Japan, Thailand, Korea and Sri Lanka. The 

medicinal properties of tea leaves first ap-

peared in a Chinese book on pharmaceutical 

plants (~200 BC). Later, in the KissaYojoki 

(Book of Tea, ~1191), tea was listed as a rem-

edy to control bleeding, help wounds heal, 

regulate body temperature, control blood 

sugar and promote digestion(486).” 

ALISKIREN 

2007 

“Target-based screening 

Aliskiren. It took nearly 100 years following 

the discovery of the protease renin, which is 

a key regulator of blood pressure, for an 

orally active renin inhibitor, aliskiren to be 

approved for the treatment of hypertension. 

The breakthrough came in the 1980s when 

medicinal chemists identified inhibitors of 

renin that were more drug-like than substrate-

like.(486)” 

From the discovery paper: 

“We employed a combination of crystal 

structure analysis of renin–inhibitor com-

plexes and computational methods to design 

novel, low molecular weight renin inhibitors 

without the extended peptide-like backbone 

of previous inhibitors and with favourable 

pharmacokinetic properties after oral 

administration to monkeys. Our design ap-

proach led to the development of aliskiren, 

the first in a new class of orally effective, 

non-peptide renin inhibitors which represent 

novel potential treatments for hypertension 

and related cardiovascular diseases(552).” 

DASATINIB  

2006 

Analogue(486) of imatinib 

DECITABINE 

2006 

Analogue(486) of cytarabine 

CICLESONIDE 

2006 

Analogue of cortisone(21) 

PANITUMUMAB 

https://drugs.ncats.io/drug/T432289GYZ
https://drugs.ncats.io/drug/502FWN4Q32
https://drugs.ncats.io/drug/X78UG0A0RN
https://drugs.ncats.io/drug/776B62CQ27
https://drugs.ncats.io/drug/S59502J185
https://go.drugbank.com/drugs/DB01269
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2006 

Monoclonal Antibody 

IDURSULFASE 

2006 

human iduronate-2-sulfatase, a lysosomal en-

zyme.(2) 

AMBRISENTAN 

2007 

Analogue(486) of bosentan 

ROTIGOTINE 

2007 

Analogue(486) of ropinirole 

NEBIVOLOL 

2007 

Analogue of propranolol(253) 

RALTEGRAVIR 

2007 

“Target-based screening: optimized 

MMOA subsequently identified(486)” 

From the discovery paper: 

“4-Aryl-2,4-diketobutanoic acids (DKAs) 

were the first class of true HIV-1 strand trans-

fer inhibitors and provided the first proof-of-

concept for HIV-integrase inhibitors as anti-

viral agents in the cell based assay. DKAs 

were also discovered as active site HCV 

NS5b RNA-dependent RNA polymerase in-

hibitors. The mechanism of action of these 

inhibitors is likely a consequence of the inter-

action with metals in the active site, resulting 

in a functional impairment by chelation of the 

critical metal cofactors. Within Merck Re-

search Laboratories (MRL), the two groups 

working on HIV-integrase and HCV poly-

merase discovered a series of scaffolds char-

acterized by improved druglike qualities that 

dialed out the undesirable DKA properties. In 

particular, we discovered that the dihydroxy-

pyrimidine carboxamide derived from the 

evolution of DKA in the HCV polymerase 

program was a potent, reversible, and selec-

tive HIV-integrase strand transfer inhibitor 

showing nanomolar activity in the enzymatic 

assay (IC50 = 0.085 µM) while being com-

pletely inactive on the HCV polymerase. Ex-

tensive structure activity relationship studies 

on the carboxamide moiety led to the identi-

fication of the p-fluorobenzyl as the optimal 

amide residue (1) and of the gem-dimethyl as 

the optimal 2-substituent for the dihydroxy 

pyrimidine core (2). Parallel efforts led to the 

identification of the related N-methylpyrim-

idone scaffold showing equal or enhanced ac-

tivity for the HIV-integrase (3). Both 2 and 3 

showed good potency in the antiviral cell 

based assay in the presence of 50% normal 

human serum (NHS) and favorable oral bio-

availability in preclinical species. 

Raltegravir (27) is the result of our continued 

https://go.drugbank.com/drugs/DB01271
https://go.drugbank.com/drugs/DB01271
https://drugs.ncats.io/drug/HW6NV07QEC
https://drugs.ncats.io/drug/87T4T8BO2E
https://drugs.ncats.io/drug/030Y90569U
https://drugs.ncats.io/drug/22VKV8053U
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efforts to optimize these inhibitors, address-

ing issues presented by previously reported 

inhibitors. These include metabolic stability, 

pharmacokinetic profile, antiviral activity 

against a panel of HIV-1 integrase mutations 

previously shown to be associated with re-

sistance to 1,3-diketoacid inhibitors and other 

classes of inhibitors, and genotoxicity(553).” 

RETAPAMULIN 

2007 

Analogue of pleuromutilin(486) 

From the discovery paper: 

“Several species of the genus Pleurotus have 

been found in this laboratory to form sub-

stances inhibitory for Staphylococcus aureus. 

Among these were two species, Pleurotus 

mutilus (Fr.) Sacc. and P. Passeckerianus Pi-

lat, obtained from the Centraalbureau voor 

Schimmelcultures at Baarn. An antibacterial 

substance formed by these fungi was isolated 

in crystalline form from culture liquids; it 

was named pleuromutilin. 

P. mutilus grown on corn-steep, thiamine-

peptone, or potato-dextrose agars for two 

days and tested by the streak-method, mark-

edly inhibited Staphylococcus aureus, inhib-

ited incompletely Mycobacterium smegma, 

and had no effect on Escherichia coli. Agar 

disks cut from colonies 10 days old formed 

inhibition zones 20 mm. in diameter with S. 

aureus and a small zone of incomplete inhi-

bition with M. smegma. P. Passeckerianus 

produced similar zones of inhibition(554).” 

TEMSIROLIMUS 

2007 

Analogue of sirolimus(2) 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

SAPROPTERIN 

2007 

Endogenous-based biopharmaceutical 

NILOTINIB 

2007 

Analogue(486) of imatinib 

LAPATINIB 

2007 

Analogue(486, 542) of gefitinib 

FLUTICASONE FUROATE 

2007 

Analogue of cortisone(21) 

METHOXY POLYETHYLENE GLYCOL-

EPOETIN BETA 

2007 

Pegylated recombinant erythropoietin 

https://drugs.ncats.io/drug/4MG6O8991R
https://drugs.ncats.io/drug/624KN6GM2T
https://drugs.ncats.io/drug/EGX657432I
https://drugs.ncats.io/drug/F41401512X
https://drugs.ncats.io/drug/0VUA21238F
https://drugs.ncats.io/drug/JS86977WNV
https://drugs.ncats.io/drug/LR3UXN0193
https://drugs.ncats.io/drug/LR3UXN0193
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IXABEPILONE 

2007 

From the discoverer(s): 

“The epothilones were originally isolated 

from the myxobacterium Sorangium cellu-

losum by Profs. Hans Reichenbach and Ger-

hard Höfle in the early 1990s. In the original 

German patent application from GBF, the 

epothilones were noted to have antifungal ac-

tivity and cytotoxic activity, but it was not 

until the 1995 article from Bollag et al. that 

the mechanism of the cytotoxicity was re-

vealed(555).” 

From Gerhard Höfle: 

“In July 1985 Sorangium cellulosum, strain 

So ce90, the first producer of epothilone, was 

isolated by Hans Reichenbach from a soil 

sample collected at the banks of the river 

Zambesi in southern Africa in August 1980. 

Only two years after isolation, the strain was 

introduced in an antifungal screening of So-

rangium strains by Klaus Gerth and identi-

fied as one of several hits inJanuary 1987. 

Later, Florenz Sasse, responsible for cell cul-

ture tests, noticed high cytotoxicity of the 

culture extract. From these and other prelim-

inary tests we were dealing with a new com-

pound and Norbert Bedorf from the chemis-

try group immediately started to isolate the 

compound and elucidate its structure. Guided 

by biological activity, he isolated two closely 

related antifungal compounds later named 

epothilone A and B(556)” 

LANREOTIDE 

2007 

Analogue of the endogenous somatostatin(2) 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

ECULIZUMAB 

2007 

Monoclonal Antibody 

MARAVIROC 

2007 

“Target-based screening: optimized 

MMOA subsequently identified […] 

Maraviroc was discovered through the me-

dicinal chemistry optimization of a hit com-

pound identified from high-throughput 

screening(486).” 

“Pfizer scientists screened their library of 

compounds, using a chemokine radioligand 

binding assay to identify a small-molecule 

CCR5 ligand. The imidazopyridine 

UK107,543 was one of the most potent lead 

compounds identified and was the starting 

point of an intensive medicinal chemistry 

program, which included parallel screening 

to optimize the binding potency, antiviral ac-

tivity, absorption, pharmacokinetics, and 

specificity for CCR5. The result of this mas-

sive effort was maraviroc(557).” 

CLEVIDIPINE 

2008 

Analogue(486) of nifedipine 

IOBENGUANE SULFATE I-123 

2008 

Radiopharmaceutical 

DIFLUPREDNATE 

2008 

Analogue of cortisone 

Error in similarity calculation by FTrees 

https://drugs.ncats.io/drug/K27005NP0A
https://drugs.ncats.io/drug/0G3DE8943Y
https://go.drugbank.com/drugs/DB01257
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TETRABENAZINE 

2008 

Analogue(486) of reserpine 

Discovery: phenotypic screening(486) 

Discovery of reserpine: 

From a 1954 article: 

“Although it is an ancient drug, Rauwolfia 

serpentina received little notice from clini-

cians interested in hypertension, even in its 

native land, India, until 1940, or in this coun-

try until 1950. This rather slow acceptance of 

a new therapeutic agent in a field as urgent as 

hypertension was due in part, no doubt, to the 

‘slow’ nature of the drug itself. I well remem-

ber our first clinical trials of increasingly 

large, single doses of the crude root, and that 

we were about to conclude it was inactive, 

when we observed one patient who had taken 

such doses for several days consecutively. 

She had developed a slow pulse and a definite 

fall in blood pressure, but she also had so 

much sedation that we felt the drug to be im-

practical given in this way. Some time later, 

when I placed a group of my long- and well-

known cases on small doses of the drug for 

several weeks, I was surprised to have them 

report uniformly good symptomatic effects. I 

was still somewhat dubious about the hypo-

tensive results, although the bradycardia was 

definite. After several months, however, I be-

came convinced of the hypotensive, as well 

as the bradycrotic and sedative, effects of the 

drug as compared with placebo controls. […] 

Prior to our own studies, all the reports on the 

drug were from India. Thus, Bhatia, in 1942, 

observed that Rauwolfia caused a moderate 

lowering of blood pressure in both renal and 

essential hypertensive patients and, in addi-

tion, was particularly effective in relieving 

the nervous symptoms of the disease, such as 

headache, tinnitus, vertigo, giddiness, insom-

nia, etc. He postulated that the drug somehow 

produced its action through the central nerv-

ous system. He did not comment on the 

pulse-rate-slowing effect of the drug, but the 

following year Gupta, Deb, and Kahali, in a 

paper on its use in mental disorders noted that 

it slowed the pulse rate as well as lowered the 

blood pressure. […] 

I have told many psychiatrists and others in-

terested in psychotherapy that ‘Rauwolfia is 

good psychotherapy in pill form.’(558).” 

**Note the attitude towards using chemicals 

for psychiatric disorders before the advent of 

chlorpromazine and iproniazid. 

“R. serpentina has an ancient history. It is 

said to appear in Sanskrit as an Ayurvedic 

medicine named Sarpagandha and Chandrà. 

Chandrà means moon and refers to the use of 

the plant in the ‘moon’s disease’ or lunacy; 

Sarpagandha, snake’s smell or repellent, re-

fers to the use as an antidote for snake-bite. 

Rheede in 1686 probably mentioned this spe-

cies, at least in part, under the name Tsjo-

vanna (or Sjouanna) Amel-Podi; he noted the 

use of the root against snake-bite and the 

sting of scorpions. Kaempfer in 1712 de-

scribed the plant and its curative properties 

under the name Radix Mungo. Burman in 

1737 applied the term Lignum Colubrinum to 

it. Linnaeus in Materia Medica, 1749, used 

the pharmacopoeic appellation Serpentini 

Lignum. Rumphius named the plant Radix 

Mustelae, in reference to the legend that the 

mongoose has recourse to it when bitten by a 

poisonous snake; he stated that the species 

came to his notice in 1693. Various other cu-

rative properties were early attributed to the 

plant, and it has accordingly been regarded as 

https://drugs.ncats.io/drug/Z9O08YRN8O


279 

 

a febrifuge, tonic, stomachic, sedative, sopo-

rific, eclampsia relief, cough-sedative, diu-

retic, purgative and anthelmintic. Trimen 

noted its use against hydrophobia. Dymock 

(1879) stated that in Bombay most of the la-

borers who came from southern Koncan kept 

a small supply of the root which they valued 

as a remedy in dysentery and other painful af-

fections of the intestines. Roxburgh reported 

that it was administered to promote delivery 

in child-birth; Wight added that it was sup-

posed to act on the uterine system somewhat 

in the manner of Ergot; Khory stated the root 

was said to cause abortion if given to preg-

nant women. Rama Rao described the ‘whole 

plant dried in shade, powdered and given in 

honey as a remedy in rheumatism, all poi-

sons, insanity, epilepsy, fits and eczema.’ 

‘The juice of the fresh leaves has been men-

tioned for the treatment of corneal opacities’ 

(Kapur). Dalzell and Gibson reported the 

plant used ‘to poison tigers.’ It will be noticed 

that many of the empirical uses have a com-

mon denominator, the proven sedative or re-

laxing efficacy of the drug(559)” 

ELTROMBOPAG 

2008 

“Target-based screening […] 

Eltrombopag is a thrombopoietin receptor 

(TPO) agonist approved for the treatment of 

thrombocytopenia in patients with chronic 

immune (idiopathic) thrombocytopenic pur-

pura. It interacts with the transmembrane do-

main of the human TPO-receptor and initi-

ates signalling cascades that induce prolifer-

ation and differentiation of megakaryocytes 

from bone marrow progenitor cells. Eltrom-

bopag was identified through screening of 

small molecule libraries for the ability to ac-

tivate a reporter molecule in TPO-dependent 

cell lines. Lead compounds were initially 

identified and then optimized for their bio-

logic effects and pharmaceutical proper-

ties(486).” 

FESOTERODINE 

2008 

Analogue of tolterodine(2) 

DESVENLAFAXINE 

2008 

The major active metabolite of venlafax-

ine(2) 

REGADENOSON 

2008 

Diagnostic 

SILODOSIN 

2008 

Analogue(486) of tamsulosin 

https://drugs.ncats.io/drug/S56D65XJ9G
https://drugs.ncats.io/drug/621G617227
https://drugs.ncats.io/drug/NG99554ANW
https://drugs.ncats.io/drug/2XLN4Y044H
https://drugs.ncats.io/drug/CUZ39LUY82
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PLERIXAFOR 

2008 

“Plerixafor (Mozobil®, AMD3100) is a small 

organic molecule consisting of two cyclam 

rings connected by a 1.4-phenylenebis(meth-

ylene) linker. The pharmacological activity 

of bicyclam molecules was first identified in 

the search for new agents to treat HIV. 

Plerixafor evolved through an intensive me-

dicinal chemistry effort from these early al-

kyl-linked bicyclams. 

Mechanistic studies suggested that the bicy-

clams acted at the early stages of the HIV in-

fection process, but it was not until the dis-

covery that HIV required a chemokine co-re-

ceptor, either CCR5 or CXCR4, along with 

CD4, for host cell entry, that the molecular 

target for plerixafor was discovered(560).” 

From the discovery paper of the bicyclams 

cited in the previous quotation: 

“A series of bicyclams have been shown to 

be potent and selective inhibitors of human 

immunodeficiency virus (HIV). The com-

pounds are inhibitory to the replication of 

various HIV-1 and HIV-2 strains in various 

human T-cell systems, including peripheral 

blood lymphocytes, at 0.14-1.4 µM, without 

being toxic to the host cells at 2.2 mM. The 

bicyclam JM2763 is active against 3’-azido-

3’-deoxythymidine (zidovudine; AZT)-re-

sistant HIV-1 strains and acts additively with 

AZT. Mechanism of action studies revealed 

that the bicyclams (i.e., JM2763) interact 

with an early event of the retrovirus replica-

tive cycle, which could be tentatively identi-

fied as a viral uncoating event(561).” 

RILONACEPT 

2008 

“Rilonacept is a dimeric fusion protein con-

sisting of portions of IL-1R and the IL-1R ac-

cessory protein linked to the Fc portion of im-

munoglobulin G1(2).” 

ALVIMOPAN  

2008 

Analogue(486) of morphine 

Also see the fentanyl entry and refer to Paul 

Janssen’s article cited there. 

ETRAVIRINE 

2008 

Analogue of nevirapine(562) 

DEGARELIX 

2008 

Analogue of the endogenous Gonadotropin 

Releasing Hormone 

CERTOLIZUMAB PEGOL 

2008 

Monoclonal Antibody 

https://drugs.ncats.io/drug/S915P5499N
https://go.drugbank.com/drugs/DB06372
https://go.drugbank.com/drugs/DB06372
https://drugs.ncats.io/drug/Q153V49P3Z
https://drugs.ncats.io/drug/0C50HW4FO1
https://drugs.ncats.io/drug/SX0XJI3A11
https://drugs.ncats.io/drug/UMD07X179E
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DAPAGLIFLOZIN 

2008 

Analogue of phlorizin 

“Phlorizin is a glucoside consisting of a glu-

cose moiety and two aromatic rings (agly-

cone moiety) joined by an alkyl spacer. In the 

19th century, French chemists isolated it 

from the bark of apple tree to be used in treat-

ment of fever and infectious diseases, partic-

ularly malaria. Von Mering observed in 1886 

that phlorizin produces glucosuria. It has 

been used as a tool for physiological research 

for more than 150 yr. In 1975, DeFronzo et 

al. showed that infusion of phlorizin in dogs 

increased fractional excretion of glucose by 

60%, whereas glomerular filtration rate and 

renal plasma flow remained unchanged. 

In 1986, Unger’s group reported that iv glu-

cose failed to suppress the marked hyperglu-

cagonemia found in insulin-deprived 

alloxan-induced diabetic dogs; however, 

when hyperglycemia was corrected by 

phlorizin, the hyperglucagonemia became 

readily suppressible. Phlorizin treatment of 

partially pancreatectomized rats completely 

normalized insulin sensitivity but had no ef-

fect on insulin action in controls, suggesting 

that the effect on insulin sensitivity was by 

reversal of glucotoxicity, rather than by a di-

rect effect on insulin sensitivity. 

Several specific and potent SGLT2 inhibitors 

have undergone preclinical testing. Most 

SGLT2 inhibitors are glucosides, structurally 

related to phlorizin, which is an o-glucoside. 

The o-glucosides have to be administered as 

their prodrug esters to avoid degradation by 

β-glucosidase in the small intestine. Sergli-

flozin and remogliflozin etabonate, which are 

orally administered, are the ethyl carbonate 

prodrug esters of sergliflozin A and remogli-

flozin, respectively. Creating a carbon-car-

bon bond between the glucose and aglycone 

moiety converts o-glucosides to c-glucosides, 

which have a different pharmacokinetic pro-

file, making them unsusceptible to β-gluco-

sidase. Dapagliflozin is the first c-glucoside 

to be discovered that is currently in phase III 

trials(563).” 

MILNACIPRAN 

2009 

Analogue of venlafaxine 

BENDAMUSTINE 

2008 

Analogue(486) of mechlorethamine 

https://drugs.ncats.io/drug/1ULL0QJ8UC
https://drugs.ncats.io/drug/G56VK1HF36
https://drugs.ncats.io/drug/9266D9P3PQ
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RUFINAMIDE 

2008 

“Phenotypic screening of ‘random’ com-

pound library […] 

Rufinamide was discovered by Novartis and 

initially evaluated within the framework of 

NIH-sponsored anticonvulsant drug screen-

ing program. Rufinamide has a distinctive 

profile in animal testing — activity in both 

MES and PTZ models and a very high pro-

tective index — that differentiates it from 

other anti-epileptic drugs(486).” 

TAPENTADOL 

2008 

Analogue(486) of tramadol 

LACOSAMIDE 

2008 

From the discoverer(s): 

“In 1985, we discovered a novel class of an-

ticonvulsant agents, termed functionalized 

amino acids (FAA). More than 250 FAAs 

were synthesized and screened in animal 

model systems. Where possible, we also 

compared the anticonvulsant activities for the 

FAA’s (R)- and (S)-stereoisomers. We found 

that the anticonvulsant activity resided in the 

(R)-enantiomer. The ratio of the potency of 

the more active (eutomer) to the less active 

(distomer) isomer ranged from 10 to >22. 

The lead FAA, lacosamide ((R)-N-benzyl-2-

acetamido-3-methoxypropionamide), is an 

emerging drug for the treatment of epilepsy 

and neuropathic pain and has entered phase 

III clinical trials in the United States and 

Europe(564).” 

FOSAPREPITANT DIMEGLUMINE 

2008 

Prodrug of aprepitant 

METHYLNALTREXONE BROMIDE 

2008 

Secondary 

ILOPERIDONE 

2009 

Analogue of risperidone 

ASENAPINE 

2009 

Analogue of chlorpromazine 

LEVOMILNACIPRAN 

https://drugs.ncats.io/drug/WFW942PR79
https://drugs.ncats.io/drug/H8A007M585
https://drugs.ncats.io/drug/563KS2PQY5
https://drugs.ncats.io/drug/D35FM8T64X
https://drugs.ncats.io/drug/RFO6IL3D3M
https://drugs.ncats.io/drug/VPO7KJ050N
https://drugs.ncats.io/drug/JKZ19V908O
https://drugs.ncats.io/drug/UGM0326TXX
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2009 

Enantiopure milnacipran 

ARTEMETHER 

2009 

Analogue of artemisinin 

Discovery of artemisinin: 

In 1967 the government of the People’s Re-

public of China embarked on a systematic ex-

amination of indigenous plants used in tradi-

tional remedies as sources of drugs. One such 

plant, a pervasive weed with a long history of 

use, is known as qing hao (Artemisia annua 

L., sweet wormwood, annual wormwood). Its 

earliest mention occurs in the Recipes for 52 

Kinds of Diseases found in the Mawangdui 

Han dynasty tomb dating from 168 B.C. In 

that work, the herb is recommended for use 

in hemorrhoids. This plant is mentioned fur-

ther in the  Zhou Hou Bei Ji Fang (Handbook 

of  Prescriptions for Emergency Treatments) 

written in 340 A.D. The author,  Ge Hong, ad-

vised that to reduce fevers  one should soak 

one handful of qing hao in 1 sheng (about 1 

liter) of water, strain the liquor, and drink it 

all. Later, Li Shizhen, the famous herbalist, 

whose death 390 years ago was recently com-

memorated in China, wrote in his Ben Cao 

Gang Mu (Compendium of Materia Medica) 

of 1596, that chills and fever of malaria can 

be combated by qing hao preparations. A de-

coction of A. annua and Carapax trionycis 

was suggested in the Wenbing Tiaobian in 

1798 as a treatment for malaria. 

Attempts to confirm the antipyretic and anti-

malarial activity of a hot-water extract of A. 

annua were disappointing. In 1971, it oc-

curred to an investigator that low-tempera-

ture extraction of the plant, that is, with ethyl 

ether, should be tried. Crude ether extracts 

produced encouraging results in mice in-

fected with the malaria parasite Plasmodium 

berghei(565).” 

From the discoverer(s): 

“Q: What made you and your team think of 

using artemisinin to treat malaria? 

A: Project 523 included two groups engaged 

in antimalarial drug development: one to de-

vise chemical medicines, another to examine 

traditional Chinese medicines. The latter 

group included researchers as well as tradi-

tional Chinese medicine doctors, who, as part 

of Chairman Mao’s barefoot scheme, scoured 

the nation to collect folk remedies. By the 

time Project 523 had got under way, the Cul-

tural Revolution had started and the research 

provided shelter for scientists facing political 

persecution. From 1970, the focus of the pro-

ject shifted to traditional Chinese medicine 

because producing antimalarials became less 

of a priority after China produced chemical 

combination antimalarials and provided them 

to North Viet Nam. Experts screened a list of 

herbs and folk remedies, a few of which were 

found to have a curative effect against ma-

laria. In the end, the Artemisia annua plant 

was chosen for further research. In the early 

1970s, a Project 523 team first isolated arte-

misinin from the plant. Clinical trials con-

firmed its antimalarial effects. Between 1976 

and 1978, the molecular structure of artemis-

inin was identified and more artemisinin de-

rivatives were developed. In 1979, artemis-

inin-based antimalarial drugs were first used 

in the battlefield in the Sino-Vietnamese War 

(the Third Indo-China War). Chinese scien-

tists in Project 523, unlike Western research-

ers looking to find new medicines, identified 

herbs with curative effects first, before 

https://drugs.ncats.io/drug/C7D6T3H22J
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targeting active ingredients, drawing on their 

knowledge of traditional Chinese medicine. 

Q: What was artemisia annua traditionally 

used for in China? 

A: As early as the second century BC, the 

Qinghao plant (sweet wormwood) had ap-

peared as an anti-fever medicine in the Fifty-

two remedies, a medical treatise. In 340 BC, 

the Artemisia annua plants were first de-

scribed as having antimalarial properties by 

Ge Hong, an alchemist and medical expert of 

the East Jin Dynasty. The folk remedies that 

Project 523 collected around the 1970s also 

registered these usages(566).” 

From some other discoverer(s): 

“The department of general affairs of 

CACMS compiled a mimeographed Collec-

tion of Simple and Secrete Antimalarial Rem-

edies with 640 recipes selected from thou-

sands of letters sent by the public over several 

years. At the same time, it sent extracts from 

a few herbal remedies out of the collection to 

the AMMS for rodent malaria tests. They 

found that pepper and chilli-alum extracts 

had an over 80% malaria inhibition rate on 

rodent malaria. From July to October, Tu 

Youyou, Yu Yagang, and Lang Linfu carried 

out on-site clinical trials in Hainan using 

these two extracts. Out of 44 cases, only one 

case in each extract group showed parasite 

clearance. Eventually, these poor results ter-

minated the trial on these extracts. Then, in 

early 1970, the National Project 523 Head 

Office dispatched Gu Guoming from the 

AMMS, where he was researching herbal an-

timalarials, to work with Yu to produce 

herbal extracts and test them on rodent ma-

laria. Because of her other responsibilities, 

Tu did not continue with the team but re-

mained at its head. 

First Indications of Qinghao’s Antimalar-

ial Properties 

Yu and Gu continued combing through the 

Chinese medical literature, preparing and 

sending herb extracts to AMMS for rodent 

malaria tests. As his main resources, Yu used 

the Special Compilation on Malaria—a col-

lection of ancient Chinese antimalarial pre-

scriptions edited by the Shanghai Literature 

Institute of Traditional Chinese Medicine—

and the malaria section of the Qing-dynasty 

Complete Medical Works of the Library Col-

lection, Ancient and Modern compiled in 

1723. He concluded after in-depth study that 

‘black plum, aconite root, shell of fresh-water 

turtle Carapax Trionycis, qinghao, and oth-

ers’ should be singled out, believing that 

these remedies ‘had been used in isolation 

and appeared frequently in combined pre-

scriptions and are worthy of multiple animal 

tests.’ With ‘Project 523 Team’ as the author, 

Yu edited a manuscript titled Malaria Reme-

dies in Chinese Medical Literature. Yu’s 

manuscript noted that qinghao remedy was 

first recorded in A Handbook of Prescriptions 

for Emergencies written by Ge Hong (AD 

284–364), prepared thus: ‘One bunch of 

qinghao in two sheng of water, mash it and 

administer the juice.’ The extracts prepared 

by him and Gu were tested against rodent ma-

laria by Jiao Xiuqing of the AMMS. Gu re-

ported that ‘Herbs that appeared more fre-

quently among the traditional antimalarial 

remedies were selected as objects of study. 

Among them were qinghao, fresh-water tur-

tle shell etc. Extracts were obtained via boil-

ing in water or ethanol extraction, and sent to 

the screening group for rodent malaria tests. 

It was found that qinghao (dried aerial part of 

Artemisia annua L. purchased) had definite 

antimalarial properties, with an inhibition 

rate of around 60–90%(567).” 

LUMEFANTRINE 

2009 

Like artemisinin, it was developed in project 

523. See the artemether entry(566, 567). 

CANAKINUMAB 

2009 

https://go.drugbank.com/drugs/DB06168
https://go.drugbank.com/drugs/DB06168
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Monoclonal Antibody 

CAPSAICIN 

2009 

“Capsaicin is the main active component 

found in chilli peppers (Capsicum annuum). 

However, this plant species contains other 

constituents such as dihydrocapsaicin, nordi-

hydrocapsaicin, homodihydrocapsaicin and 

homocapsaicin, all of which are known as 

capsaicinoids. It is currently believed that 

these chemicals are synthesised by the plant 

as a defence mechanism against the attack of 

mammalian herbivores and fungi. Capsicum 

species have been used in culinary and folk 

medicine since 7000 BC. Native Americans 

used Capsicum to cure cramps, diarrhoea and 

dyspepsia. The capsaicinoids were used for 

treating toothache in the nineteenth cen-

tury(568).” 

TOLVAPTAN 

2009 

Analogue of conivaptan 

From the discoverer(s): 

“No reports about nonpeptide vasopressin re-

ceptor antagonists or agonists were found in 

patents or in the literature; therefore, in-house 

compound library screening was initiated. 

The competition binding experiments were 

performed using 3H-AVP as a natural ligand 

with rat V1a and rat V2 receptors. No receptor 

cloning was reported when the binding ex-

periment was initiated; therefore, experi-

ments in a HTS manner could not be per-

formed. 

After about 20,000 compounds from the in-

house library were screened, several com-

pounds were found that showed potent inhi-

bition of binding at the 3 × 10-4 M concentra-

tion.(569)” 

TELAVANCIN 

2009 

Analogue of vancomycin(2) 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

BESIFLOXACIN 

2009 

Analogue of nalidixic acid(2) 

SAXAGLIPTIN  

2009 

Analogue of sitagliptin 

ECALLANTIDE 

2009 

Endogenous-based biopharmaceutical 

DRONEDARONE 

2009 

Analogue of amiodarone 

https://drugs.ncats.io/drug/S07O44R1ZM
https://drugs.ncats.io/drug/21G72T1950
https://drugs.ncats.io/drug/XK134822Z0
https://drugs.ncats.io/drug/BFE2NBZ7NX
https://drugs.ncats.io/drug/8I7IO46IVQ
https://drugs.ncats.io/drug/5Q6TZN2HNM
https://drugs.ncats.io/drug/JQZ1L091Y2
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PRASUGREL 

2009 

Analogue of ticlopidine(1) 

ROMIDEPSIN 

2009 

From the discovery paper: 

“During the course of our research program, 

we found a novel antitumor antibiotic, 

FR901228 from the fermentation broth of a 

strain of Chromobacterium violaceum No. 

968. This compound reversed the trans-

formed morphology of Ha-ras transformant 

to normal. […] 

Antimicrobial Activity 

Antimicrobial activity was determined by a 

serial broth dilution method in Nutrient broth 

for Gram-positive and Gram-negative bacte-

ria and in Sabouraud broth for fungi and 

yeast. The inoculum was adjusted to 5 x 105 

cfu/ml for bacteria and 1 x 106 cfu/ml for 

fungi and yeast. […] 

Ha-ras Transformed Cells 

Human bladder carcinoma EJ cells were 

kindly provided by Dr. M. Tachibana, Keio 

University. Mouse established normal fibro-

blast NIH3T3 cells were a kind gift from pro-

fessor M. Saito, Jichi Medical School. The 

Ha-ras transformed NIH3T3cell line was ob-

tained from transfection of DNA from EJ 

cells to NIH3T3 cells according to the 

method described by Parada et al. Ras-1 

cells, a clonal cell line used in these studies, 

were obtained from the parental transformant 

by the limiting-dilution method and had more 

malignant properties. Ras-1 cells expressed 

high levels of the Ha-ras product, exhibited 

the transformed phenotype, and was tumor-

igenic in nude mice. […] 

Strain No. 968 was isolated from a soil sam-

ple obtained from Yamagata-prefecture, Ja-

pan(570).” 

PITAVASTATIN 

2009 

Analogue of Fluvastatin 

FEBUXOSTAT 

2009 

Analogue(542) of allopurinol 

PAZOPANIB 

2009 

Analogue(542) of sorafenib(571) 

https://drugs.ncats.io/drug/34K66TBT99
https://drugs.ncats.io/drug/CX3T89XQBK
https://drugs.ncats.io/drug/M5681Q5F9P
https://drugs.ncats.io/drug/101V0R1N2E
https://drugs.ncats.io/drug/7RN5DR86CK
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VIGABATRIN 

2009 

Analogue of GABA(2) 

BEPOTASTINE 

2009 

Analogue of diphenhydramine 

PRALATREXATE 

2009 

Analogue of methotrexate 

DALFAMPRIDINE 

2010 

“4‐Aminopyridine is a broad‐spectrum potas-

sium‐channel blocker that has been used in 

electrophysiologic studies for characterizing 

voltage‐gated potassium channels. In vitro 

studies from the mid 1970s to early 1980s, 

using isolated nerves in nonmyelinated sys-

tems, revealed that 4‐AP selectively blocked 

voltage‐sensitive potassium channels, re-

duced the potassium current, and increased 

the action potential duration. The ability of 4‐

AP to restore conduction in demyelinated ax-

ons with little effect in normal myelinated ax-

ons was further demonstrated using rat dorsal 

root sensory nerve fibers. These results were 

subsequently confirmed using isolated rat 

sciatic nerve fibers under conditions of de-

myelination as well as in central demyelin-

ated nerve fibers in mammalian models of 

traumatic spinal cord injury (SCI). 

Based on its potential to enhance neuronal 

conduction in demyelinated axons, 4‐AP was 

assessed from the 1970s to the 1990s, in indi-

vidual human cases and small studies, as a 

potential therapy in a variety of conditions, 

including Eaton–Lambert and related myas-

thenia syndromes, SCI, and MS. Administra-

tion was by intravenous infusion or oral dos-

ing, mainly with an immediate‐release for-

mulation, and variable results were reported 

for different symptoms. […] 

Despite characterization of 4‐AP, a lipid‐sol-

uble compound that readily crosses the 

blood–brain barrier, and its widespread use in 

vitro and in vivo, the mechanism of action of 

dalfampridine has not been fully elucidated 

because the specific potassium channels that 

are blocked during therapeutic response have 

not been identified.(572)” 

BOTULINUM TOXIN TYPE A 

1989 

See the botulinum toxin type B entry 

https://drugs.ncats.io/drug/GR120KRT6K
https://drugs.ncats.io/drug/HYD2U48IAS
https://drugs.ncats.io/drug/A8Q8I19Q20
https://drugs.ncats.io/drug/BH3B64OKL9
https://drugs.ncats.io/drug/E211KPY694
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FINGOLIMOD 

2010 

From the discoverer(s): 

“A potent immunosuppressive natural prod-

uct, myriocin (ISP-I), was isolated from a 

culture broth of Isaria sinclairii, a kind of 

vegetative wasp that is an ‘eternal youth’ nos-

trum in traditional Chinese medicine. Myces-

tericins, structurally resembling myriocin, 

were also isolated from another fungus. 

Myriocin at nanomolar concentrations 

strongly inhibited the proliferation of T cells 

in mouse allogeneic mixed lymphocyte reac-

tion by culturing BALB/c mouse spleen cells 

as responder cells with mitomycin C-pre-

treated C57BL/6 mouse spleen cells as stim-

ulator cells in vitro. Moreover, myriocin (0.3 

mg/kg, intraperitoneally) significantly pro-

longed rat skin allograft survival in major his-

tocompatibility complex-compatible rat 

strain combination between LEW donor and 

F344 recipient; however, a higher dose of 

myriocin induced strong toxicity in vivo. 

Myriocin is a rather complicated amino acid 

with three successive asymmetric centers, 

some functionalities and has been a challeng-

ing synthetic target of synthetic chemists. 

Discovery of fingolimod  

Based on the results of myriocin, we per-

formed lead optimization using both mouse 

allogeneic mixed lymphocyte reaction in 

vitro and rat skin allograft in vivo as 

screens(573).” 

From the discovery paper of fin-

golimod(573): 

“Compounds 2a-h were evaluated for their 

ability to inhibit mouse allogeneic MLR 

(IC50) in vitro. […] 

Compounds 1a and 2c were evaluated in rat 

skin allograft in combination with LEW do-

nor and F344 recipient in vivo. FTY720 dis-

played remarkable immunosuppressive ac-

tivity in vivo and prolonged rat skin allograft 

survival in a dose dependent manner. It was 

approximately 3-fold more potent than 

1a(574).” 

From the discoverer(s): 

“In 1994, it has been reported that a potent 

immunosuppressive activity was found in the 

culture broth of the fungus Isaria sinclairii 

(ATCC 24400), which is the imperfect stage 

(the asexual reproductive form in the life cy-

cle) of Cordyceps sinclairii. Cordyceps is a 

genus of fungus which belongs to 

Hypocreaceae, in the family of Ascomycetes, 

and parasitic on insects such as Lepidoptera 

adonata. Cordyceps sinensis Sacc. (Chinese 

name: Dong Chong Xia Cao) has been used 

in a Chinese traditional medicine as a drug for 

cough, night crying of child, or eternal youth. 

The culture broths from five strains of Isaria 

(I. atypicola IFO 31160, I. japonica 

IFO31161, I. felina ATCC 26680, I. sinclairii 

ATCC 24400, I. sulfurea ATCC 22280) were 

prepared and their immunosuppressive activ-

ity was evaluated as inhibition of lymphocyte 

activation by using mouse allogeneic mixed 

lymphocyte reaction (MLR)(575).” 

LURASIDONE 

2010 

Analogue of ziprasidone 

https://drugs.ncats.io/drug/3QN8BYN5QF
https://drugs.ncats.io/drug/22IC88528T
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DABIGATRAN 

2010 

Analogue(542) of NAPAP 

From the discovery paper of dabigatran: 

“The starting point of our search for noncova-

lent, nonpeptide thrombin inhibitors was the 

X-ray crystal structure of the bovine throm-

bin complex formed with the peptidelike, 

benzamidine-based inhibitor NAPAP(576).” 

NAPAP is based on the template of ar-

gatroban(577). 

ERIBULIN 

2010 

Analogue of halichondrin A(578) 

From the discovery paper of halichondrin A: 

“In our continuing search for physiologically 

active substances from marine sources, we 

recently found several antitumor compounds 

from Halichondria okadai Kadotae. One of 

them, norhalichondrin A, is a new type mac-

rolide; in this report, we describe the struc-

ture determination of norhalichondrin A, a 

major component in a series of halichondrins. 

Halichondria okadai Kadota is a common, 

widely distributed sponge in the Pacific coast 

of Japan. Prior studies by Scheuerand and 

Tsukitani resulted in the identification of 

okadaic acid as a cytotoxic constituent of this 

animal. However, our interest in the same an-

imal focused on the fact that sponge extracts 

exhibited remarkable in vivo antitumor activ-

ity. Bioassay against B-16 melanoma cells 

guided the isolation of halichondrins in low 

yield, including norhalichondrin A.(579)” 

From the study of Scheuer and Tsukitani 

cited in the previous quotation: 

“A new polyether derivative of a C38 fatty 

acid, okadaic acid, has been isolated inde-

pendently from two sponges, Halichondria 

(syn Reniera) okadai Kadota, a black sponge, 

commonly found along the Pacific coast of 

Japan, and H. melanodocia, a Caribbean 

sponge collected in the Florida Keys. 

Mammalian toxicity of a crude extract of H. 

okadai guided the isolation of a colorless 

crystalline solid(580).” 

ALCAFTADINE 

2010 

Analogue of promethazine 

PEGLOTICASE 

2010 

“Pegloticase is a recombinant porcine-like 

uricase drug indicated for the treatment of se-

vere, treatment-refractory, chronic gout. Sim-

ilarly to rasburicase, pegloticase metabolises 

the conversion of uric acid to allantoin(2).” 

HEXAMINOLEVULINATE 

2010 

https://drugs.ncats.io/drug/I0VM4M70GC
https://drugs.ncats.io/drug/LR24G6354G
https://drugs.ncats.io/drug/7Z8O94ECSX
https://go.drugbank.com/drugs/DB09208
https://go.drugbank.com/drugs/DB09208


290 

 

Diagnostic 

CEFTAROLINE 

2010 

Analogue of cefalexin(2) 

CARGLUMIC ACID 

2010 

“discovery strategy: Phenotype […] 

Target informed phenotypic assays were re-

quired to identify this therapeutically useful 

MMOA. Other MMOAs for genetic in-

formed discoveries also used a target in-

formed phenotypic assay including the poten-

tiator for the CTFR mutant protein, ivacaftor. 

As noted above carglumic acid is a structural 

analog of an essential allosteric activator and 

product of the deficient enzyme(581).” 

From the first paper reporting its use in N-

acetylglutamate synthase deficiency: 

“Because Brown et al. had advocated the use 

of carbamylglutamate (CG) and arginine in 

hepatic coma and Kim et al. actually used it 

in rats, we tried it on the patient.” 

From the 1958 discovery paper of Brown and 

colleagues cited in the previous quotation: 

“Krebs urea cycle should function with ade-

quate enzymes, intermediates, and substrate 

concentrations; therefore increasing only one 

substrate (presumably ornithine from the ad-

ministered arginine) may not necessarily in-

crease the overall rate of urea formation in the 

normal liver. 

Therefore, ideal therapy based on present 

knowledge should include (a) elimination of 

the source of ammonia, and (b) the admin-

istration of arginine and carbamyl glutamate, 

the latter for acute or chronic hepatic failure 

as well as for liver regeneration. 

Since carbamyl glutamate is easier and 

cheaper to make than acetyl glutamate we 

have been using this catalytic agent for some 

nine months (intravenously as 3 g. of the po-

tassium salt combined with 10 g. of arginine, 

oral dose 1-2 g. daily), with good results. Fi-

nally, this treatment may be reinforced by 

binding the excess ammonia via formation of 

glutamine analogues in vivo as a temporary 

measure to aid the overloaded urea cycle. At-

tempts are in progress to combine these ther-

apeutic measures(582).” 

From the discovery paper of Kim and col-

leagues cited in the first quotation in this en-

try: 

“While N-acetyl-L-glutamate has been 

shown to be the naturally occurring activator 

of carbamoyl phosphate synthetase, and to be 

the most effective of a series of compounds 

tested, other closely related analogues (e.g., 

https://drugs.ncats.io/drug/H36Z0FHR8K
https://drugs.ncats.io/drug/5L0HB4V1EW
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N-carbamoyl-L-glutamate, 2-acetoxyglu-

tarate) are also able to activate the enzyme, 

but with different Km values. 

In an attempt to determine whether factors in-

volved in the operation of the urea cycle other 

than ornithine (or compounds capable of rap-

idly forming ornithine) would be effective in 

protection against ammonia intoxication, 

Kim studied the effect of N-acetyl-L-gluta-

mate and N-carbamoyl-L-glutamate. The for-

mer proved to have relatively little beneficial 

effect, even though it is the naturally occur-

ring and most effective activator of car-

bamoyl phosphate synthetase, while the latter 

was strikingly effective. At doses of 1 mmol/ 

kg, carbamoylglutamate was even more ef-

fective than arginine. Kim also investigated 

the metabolic fate of [14C]carbamoyl-labeled 

carbamoylglutamate in rats. About 65% of 

the carbamoylglutamate injected was ex-

creted unchanged in the urine within 6 hr af-

ter intraperitoneal injection, and a total of 

75% was accounted for in the urine after 48 

hr. No radioactivity was observed after 48 hr 

in extracts of liver, spleen, kidney, intestine, 

muscle, and brain. The remaining 25% was 

presumably catabolized. 

Because of the limited number of animals 

used in the earlier studies, we reinvestigated 

the effect of carbamoylglutamate with a 

larger number of experimental ani-

mals(583).” 

From the discovery paper of its effect on the 

urea cycle whose authors were cited in the 

previous quotation: 

“The carbon dioxide fixation reaction in the 

initial step of the urea cycle has been assumed 

to involve the direct carboxylation of the α-

amino group of ornithine. A more detailed 

study of this reaction, with use of the washed 

residue from potassium chloride-homoge-

nized rat liver revealed that glutamic acid was 

acting as the initial acceptor for carbon diox-

ide In the study of a large series of com-

pounds which might be expected to behave as 

intermediates in this reaction, it was observed 

that carbamyl-L- glutamic acid was highly 

active in the conversion of ornithine to citrul-

line. Thus this compound could be shown to 

be 2 to 3 times more active than L-glutamic 

acid in citrulline synthesis in the presence of 

carbon dioxide, and 10 to 15 times more ac-

tive in the absence of carbon dioxide(584).” 

CABAZITAXEL 

2010 

Analogue of paclitaxel 

LIRAGLUTIDE 

2010 

Analogue of the native human glucagon-like 

peptide-1 with 97% homology(2) 

VELAGLUCERASE ALFA 

2010 

Recombinant human glucocerebrosidase 

POLIDOCANOL 

2010 

https://drugs.ncats.io/drug/51F690397J
https://drugs.ncats.io/drug/839I73S42A
https://go.drugbank.com/drugs/DB06720
https://go.drugbank.com/drugs/DB06720
https://drugs.ncats.io/drug/0AWH8BFG9A
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A non-ionic surfactant sclerosing agent(1) 

DIENOGEST 

2010 

Analogue of progesterone(2) 

ULIPRISTAL 

2010 

Analogue of progesterone(2) 

TESAMORELIN 

2010 

Analogue of the endogenous Gonadotropin 

Releasing Hormone(2) 

BELATACEPT 

2011 

“Belatacept is a soluble fusion protein, which 

links the extracellular domain of human 

cytotoxic T-lymphocyte-associated antigen 4 

(CTLA-4) to the modified Fc (hinge, CH2, 

and CH3 domains) portion of human immu-

noglobulin G1 (IgG1)(2).” 

SPINOSAD 

2011 

From the discoverer(s): 

“Figure 1. A brief history of events leading 

to the introduction of spinosyns. 

1982 – Vacationing chemist from Natural 

Products Research collects interesting soil 

samples near an abandoned sugar rum still in 

the Carribean 

1984 – Entomology Screen modified to ac-

commodate 96-well format and increased 

sensitivity needs via adoption of a novel mos-

quito larvicide bioassay 

1985 – A83543 A is positive in the fermenta-

tion screen and subsequent refermentation 

confirmed the presence of a biologically ac-

tive product 

1985 – Oral and contact activity against Lep-

idopteran insects identified 

1986 – New species of Actinomycete identi-

fied(585)” 

“In the course of our screening culture broths 

from the fermentation of random soil micro-

organisms, a broth was found that exhibited 

activity against larvae of the mosquito, Aedes 

aegypti. This activity was produced by a mi-

croorganism, designated as A83543, that had 

been isolated from a soil sample collected in 

the Virgin Islands. Subsequent taxonomic 

studies indicated that this organism was a 

new species within the rare genus Saccha-

ropolyspora. It has now been classified as 

Saccharopolyspora spinosa(586).” 

IPILIMUMAB 

2011 

Monoclonal Antibody 

https://drugs.ncats.io/drug/46M3EV8HHE
https://drugs.ncats.io/drug/6J5J15Q2X8
https://drugs.ncats.io/drug/MQG94M5EEO
https://go.drugbank.com/drugs/DB06681
https://go.drugbank.com/drugs/DB06681
https://drugs.ncats.io/drug/XPA88EAP6V
https://go.drugbank.com/drugs/DB06186
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CRIZOTINIB 

2011 

From the discoverer(s): 

“The cocrystal structure of 3 (PHA-665752), 

bound to c-MET kinase domain, revealed a 

novel ATP site environment, which served as 

the target to guide parallel, multiattribute 

drug design. A novel 2-amino-5-aryl-3-ben-

zyloxypyridine series was created to more ef-

fectively make the key interactions achieved 

with 3. In the novel series, the 2-amino-

pyridine core allowed a 3-benzyloxy group to 

reach into the same pocket as the 2,6-dichlo-

rophenyl group of 3 via a more direct vector 

and thus with a better ligand efficiency (LE). 

Further optimization of the lead series gener-

ated the clinical candidate crizotinib (PF-

02341066) […] 

The search for leads started in a potent class 

of kinase inhibitors, the 3-substituted indolin-

2-ones, where one representative, sunitinib, 

is now approved for GIST and RCC treat-

ment. The selectivity of indolin-2-ones for 

particular kinases is mediated by substitu-

entsbuiltontotheindolin-2-onecore. Both 4-

substituted indolin-2-ones and 5-substituted 

indolin-2-ones were evaluated for c-MET in-

hibition and attractive lead matter was found. 

From this starting point, key cocrystal struc-

tures guided both prioritization decisions and 

drug design strategy. […] 

Compound 2 (SU11274) was identified as a 

c-MET inhibitor with isolated enzyme IC50 of 

10 nM. 2 inhibited HGF-induced c-MET au-

tophosphorylation in a dose dependent man-

ner with complete inhibition at 1 μM in A549 

c-MET cellular assay. Optimization of 2 led 

to 3 (PHA-665752) a c-MET RTK inhibitor 

with a significantly improved cellular po-

tency (IC50 =9 nM in GTL-16 cell line) and 

selectivity (>50-fold for c-MET compared 

with a panel of diverse tyrosine and serine-

threonine kinases). 

The design concept was tested with a small 

set of compounds shown in Figure 5. Com-

pound 7 displayed moderate inhibition 

against c-MET with an enzymatic Ki of 3.83 

μM (LE= 0.29, LipE = 0.35). […] 

To investigate kinase selectivity, crizotinib 

was evaluated against a panel of more than 

120 human kinases from Upstate Inc. Of 

these, 13 kinases were inhibited with enzy-

matic potency within a 100-fold selectivity 

window of crizotinib enzymatic c-MET po-

tency(587).” 

“Shortly after in 2007, anaplastic lymphoma 

kinase (ALK) was fortuitously identified as a 

drug target in NSCLC. Initially, the industry 

researchers who developed crizotinib, the 

first-in-class oral ALK TKI, were searching 

for a mesenchymal–epithelial transition fac-

tor (MET) inhibitor(588).” 

From the discovery paper: 

“The present studies describe the identifica-

tion and characterization of PF-2341066, an 

orally available ATP-competitive and selec-

tive small-molecule inhibitor of c-Met. PF-

2341066 potently inhibited c-Met phosphor-

ylation and signal transduction, as well as c-

Met–dependent oncogenic phenotypes of tu-

mor cells and endothelial cells in vitro and 

showed antitumor efficacy in tumor models 

at well-tolerated doses in vivo(589).” 

CLOBAZAM 

2011 

Analogue of chlordiazepoxide 

VANDETANIB 

2011 

https://drugs.ncats.io/drug/53AH36668S
https://drugs.ncats.io/drug/2MRO291B4U
https://drugs.ncats.io/drug/YO460OQ37K
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Analogue(542) of gefitinib(571) 

RUXOLITINIB 

2011 

From the discoverer(s): 

“The discovery programme that targeted 

JAK1 and JAK2 at Incyte began in 2003. Fol-

lowing careful consideration of the biology 

of JAK signalling, phenotypes of JAK knock-

out mice, and the potential roles for different 

JAK family members in oncogenic, inflam-

matory and immune function, we decided to 

focus on JAK1 and JAK2 and deliberately 

build selectivity against JAK3 in the target 

compound profile. The decision to avoid 

JAK3 inhibition was based on the absence of 

a role for JAK3 in the signalling of key cyto-

kines, such as IL-6 and IL-12/23, which are 

believed to be important for oncology and in-

flammatory diseases, and on the desire to 

minimise the risk for immunosuppression. 

Given the absence of a specific and dominant 

role for TYK2 in any cytokine signalling 

pathway, we decided to accept some degree 

of TYK2 cross-reactivity. A rational design 

process utilising known chemical scaffolds 

with JAK inhibitory activity, rather than 

computational chemistry or chemical library 

screening, was used to discover novel phar-

macophores. A series of cell-based assays, 

including isolated cellular assays using pe-

ripheral blood monocytes and T-cells and 

whole blood assays with IL-6 or TPO stimu-

lation and phosphoSTATs as readouts, was 

used to identify compounds with good cellu-

lar activity. As a result of this effort, several 

potent and selective JAK1 and JAK2 

inhibitors were identified, among which rux-

olitinib (INCB018424) was one. Selection of 

ruxolitinib as a development candidate was 

based on in vitro and in vivo pharmacology 

data, its pharmacokinetic profile and toxicol-

ogy data(590).” 

TICAGRELOR 

2011 

Analogue of ticlopidine 

ICATIBANT 

2011 

Analogue of the endogenous bradykinin 

Discovery of bradykinin: 

From the discovery paper: 

“IN THE course of experiments on the phys-

iological action of the venom of Bothrops ja-

raraca, we found that some blood samples 

taken from a dog after the injection of minute 

doses of the venom had a stimulating effect 

upon the isolated gut of the guinea pig. This 

was not due to direct action of the venom 

since the gut had been previously made re-

fractory to it; no desensitization could be ob-

served after several additions of the serum to 

https://drugs.ncats.io/drug/82S8X8XX8H
https://drugs.ncats.io/drug/GLH0314RVC
https://drugs.ncats.io/drug/7PG89G35Q7
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the perfusing bath containing the piece of 

guinea pig ileum(591).” 

VEMURAFENIB 

2011 

From the discoverer(s): 

“Vemurafenib, formerly known as PLX4032, 

was built around the 7-azaindole scaffold. 

This novel scaffold was identified from a tar-

get-naive screening library, utilizing a com-

bination of biochemical and high-throughput 

cocrystallography screening filters. 

Plexxikon’s screening library (scaffold li-

brary) of more than 20,000 low molecular 

weight (150–350Da) compounds were iden-

tified using a novel approach described by 

Zhang et al. The process of low-affinity bio-

chemical screening of the scaffold library at 

high concentrations (100–200mM) against 

multiple members of target protein family 

yielded scaffolds for further screening by co-

crystallography. This approach (scaffold-

based drug discovery) has been successfully 

utilized in identifying small-molecule inhibi-

tors for targets in several protein families, in-

cluding phosphodiesterases, and nuclear re-

ceptors. Recently, we  have described the ex-

pansion of this strategy to discover 7-azain-

dole as a scaffold  targeting protein kinases, 

using Pim-1 kinase as a robust system for  co-

crystallography. This novel kinase scaffold 

was one among 70 different  compounds 

bound in the ATP binding pocket and was the 

starting point to  rationally design the selec-

tive oncogenic BRAF inhibitor vemurafenib, 

as well as  a selective dual FMS–KIT kinase 

inhibitor PLX647. 

The 7-azaindole profiler library was built 

through diverse chemical modifications  at 

the productive sites of the scaffold as guided 

by the cocrystal structures. This  proprietary 

library was screened against recombinant 

BRAF V600E kinase to identify  potential 

leads. The initial submicromolar hits re-

vealed a set of compounds,  containing a 

difluorophenol substituent connected 

through a ketone linker to the 7-azaindole 

scaffold.   […] 

The next step of optimization was focused on 

substitutions at the 5-position of azaindole. 

Halogens Cl and Br were equivalent, show-

ing ~10-fold improvement in activity com-

pared to compound 8. In addition, a number 

of aromatic and heteroaromatic substituents 

at the 5-position of the azaindole were syn-

thesized and screened through the oncogenic 

BRAF biochemical assay, […]. The various 

5-substitutions did not significantly affect bi-

ochemical potency; however, these substitu-

ents had impact on the in vivo exposure and 

efficacy (xenograft) studies. Due to their 

pharmaceutical properties, in vitro safety 

profile, and consistent rodent pharmacoki-

netic properties, both PLX4032 and 

PLX4720 were chosen for preclinical evalu-

ation. Finally, based on the favorable phar-

macokinetic properties in higher species, 

vemurafenib was chosen for further develop-

ment(592).” 

AZILSARTAN 

2011 

Analogue of losartan 

AFLIBERCEPT 

2011 

“Aflibercept is a recombinant protein com-

posed of the binding domains of two human 

vascular endothelial growth factor (VEGF) 

receptors fused with the Fc region of human 

immunoglobulin gamma 1 (IgG1)(593).” 

https://drugs.ncats.io/drug/207SMY3FQT
https://drugs.ncats.io/drug/F9NUX55P23
https://go.drugbank.com/drugs/DB08885
https://go.drugbank.com/drugs/DB08885
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ROFLUMILAST 

2011 

From the discovery paper: 

“From a series of benzamide derivatives, 

roflumilast (3-cyclo-propylmethoxy-4-

difluoromethoxy-N-[3,5-di-chloropyrid-4-

yl]-benzamide) was identified as a potent and 

selective PDE4 inhibitor. It inhibits PDE4 ac-

tivity from human neutrophils with an IC50 of 

0.8 nM without affecting PDE1 (bovine 

brain), PDE2 (rat heart), and PDE3 and PDE5 

(human platelets) even at 10,000-fold higher 

concentrations. 

PDE4 was tested in the cytosol of human neu-

trophils as described by Schudt et al. using 

cAMP as substrate(594).” 

From an earlier article of the discoverer(s), 

cited in the previous quotation, that describes 

the used assay: 

“Chromatographic analysis of 3′,5′-cyclic nu-

cleotide phosphodiesterase (PDE) isoen-

zymes in the cytosol of human neutrophils 

shows the predominant presence of PDE IV 

(cAMP specific) and PDE V (cGMP spe-

cific). PDE IV is characterized by (1) cAMP 

selectivity, (2) a KM for cAMP of 1.2 M and 

(3) a typical rank order of IC 50-values for 

PDE inhibitors: 0.13, 0.17, 47 and 9.5 μM for 

PDE IV selective rolipram, PDE III/IV selec-

tive zardaverine, PDE III selective motap-

izone and unselective 3-isobutyl-l-

methylxanthine (IBMX), respectively. Func-

tions of polymorphonuclear leukocytes 

(PMN) such as N-formylmethionyl-leucyl-

phenylalanine (fMLP)-stimulated superoxide 

release and fMLP/thimerosal elicited leuko-

triene (LT) biosynthesis are inhibited by 

these PDE inhibitors with the same rank or-

der and even lower IC50-values. Measure-

ments of changes in cytosolic Cai in Fura-2 

loaded PMN demonstrate a transient Cai in-

crease after stimulation with 0.1 μM fMLP 

and an additional sustained elevation of Cai 

levels in the presence of thimerosal. PDE 

inhibitors suppress this sustained phase of 

Cai release with the same rank order of IC50-

values as LT biosynthesis. The correlation 

between fMLP/thimerosal-induced LT bio-

synthesis and Cai levels reveal a Cai thresh-

old of 150 nM for arachidonic acid metabo-

lism. cAMP levels in PMN were elevated by 

PDE inhibitors alone by less than 2-fold. In 

the presence of fMLP however, cAMP was 

increased up to 10-fold and the efficacy of 

PDE inhibitors to increase cAMP paralleled 

their potency to inhibit PDE IV. It is con-

cluded that (1) suppression of PMN functions 

is achieved by PDE IV inhibition(595)” 

VILAZODONE 

2011 

Analogue of trazodone 

RILPIVIRINE 

2011 

Analogue of etravirine 

IOFLUPANE I-123 

2011 

Radiopharmaceutical 

ABIRATERONE 

https://drugs.ncats.io/drug/0P6C6ZOP5U
https://drugs.ncats.io/drug/S239O2OOV3
https://drugs.ncats.io/drug/FI96A8X663
https://drugs.ncats.io/drug/3MM99T8R5Q
https://drugs.ncats.io/drug/G819A456D0
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2011 

Analogue of testosterone 

LINAGLIPTIN 

2011 

Analogue of sitagliptin 

RIVAROXABAN 

2011 

“Although factor Xa was identified as a 

promising target for the development of new 

anticoagulants in the early 1980s, the viabil-

ity of factor Xa inhibition was not tested be-

fore the end of that decade. In 1987, the first 

factor Xa inhibitor, the naturally occurring 

compound antistasin, was isolated from the 

salivary glands of the Mexican leech Hae-

menteria officinalis. Antistasin is a 119 

amino-acid polypeptide; kinetic studies re-

vealed that it is a slow, tight-binding, potent 

factor Xa inhibitor that also inhibits trypsin. 

Another naturally occurring factor Xa inhibi-

tor, the tick anticoagulant peptide (TAP), a 

single-chain, 60 amino-acid peptide, was iso-

lated in 1990 

from extracts of the soft tick Ornithodoros 

moubata. Similarly to antistasin, tAP is a 

slow, tight-binding inhibitor of factor Xa. 

TAP and recombinant forms of antistasin and 

TAP 38–40 were used to validate factor Xa 

as a viable drug target and to improve under-

standing of the role of factor Xa in throm-

bosis. the antithrombotic effects of these 

compounds were compared with those of di-

rect thrombin inhibitors and of indirect 

thrombin and factor Xa inhibitors in animal 

models of  thrombosis. these studies sug-

gested that direct factor  Xa inhibitors might 

be a more effective approach to anticoagula-

tion, and might also offer a wider therapeutic 

window, particularly with regard to primary  

haemostasis. […] 

High-throughput screening of approximately 

200,000 compounds revealed several hits that 

selectively inhibited the cleavage of a chro-

mogenic substrate by human factor Xa. the 

most potent of these hits was on a minor im-

purity in a combinatorial library — a phos-

phonium salt with an IC50 of 70 nM. We pro-

posed that this positively charged phospho-

nium moiety might serve as an arginine 

mimic and could be interchangeable with an 

amidine group. this resulted in the synthesis 

of lead compound 2 with similar potency 

(IC50 of 120 nM). Further optimization re-

sulted in the synthesis of compounds of the 

isoindolinone class(596)” 

FIDAXOMICIN 

2011 

= Tiacumicin B 

From the discoverer(s): 

“From a soil sample collected in Hamden, 

CT, his team isolated a novel subspecies of 

Dactylosporangium aurantiacum, which, 

when grown in one of our primary screening 

media, yielded activity against MRSA. This 

activity led to the scale-up fermentation and 

isolation, by Jill Hochlowski, of a family of 

18-membered macrolides, which we named 

the tiacumicins. […] 

In the hamster model, which was later 

https://drugs.ncats.io/drug/3X29ZEJ4R2
https://drugs.ncats.io/drug/9NDF7JZ4M3
https://drugs.ncats.io/drug/Z5N076G8YQ
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improved by Jeff Alder to develop an impres-

sive data package, all vancomycin-treated an-

imals died shortly after treatment ceased, 

whereas tiacumicin B-treated animals sur-

vived without apparent development of coli-

tis. Recurrence of the infection is a major 

drawback of vancomycin treatment of colitis, 

and, on the basis of our results, Jake Clement 

delivered a presentation to Abbott manage-

ment proposing Tiacumicin B as a product 

candidate. […] 

Although tiacumicins were discovered for 

their activity against MRSA, the relative po-

tency, and the pharmacokinetics of tiacum-

icin B in animals, directed its development 

toward the treatment of C. difficile-induced 

colitis(597).” 

DEACETYLBISACODYL 

2012 

Analogue of bisacodyl which is itself an ana-

logue of phenolphthalein 

“Bisacodyl is an active ingredient in many 

rectal chemical stimulant preparations for 

defecation. This compound, a diphenylme-

thane derivative (bis (p-acetoxyphenyl)-2-

pyridylmethane) which was first introduced 

for use as a laxative in 1953 due to its struc-

tural similarity to phenolphthalein(598).” 

Discovery of phenolphthalein: 

“A coal tar derivative synthesized in the 

1870s and initially used as an acid-base indi-

cator, phenolphthalein moved from the labor-

atory into the clinic at the very beginning of 

this century thanks, as has so often been the 

story in pharmacy, to serendipity. The Hun-

garian government desired to mark artificial 

wines with some chemical indicator to distin-

guish them from the genuine product. Phe-

nolphthalein was tentatively chosen, and in 

1900 pharmacologist Zoltan Vamossy was 

entrusted with the evaluation of the com-

pound’s toxicity. After animal tests indicated 

it to be harmless, Vamossy and a colleague 

took small doses of the substance to deter-

mine its effects on humans. When both expe-

rienced attacks of diarrhea the same day, ‘I 

became convinced,’ Vamossy later re-

counted, ‘that I had discovered a laxative of 

great merit.’(599).” 

BOSUTINIB 

2012 

Analogue(542) of dasatinib(571) 

ELVITEGRAVIR 

2012 

Analogue of raltegravir 

https://drugs.ncats.io/drug/R09078E41Y
https://drugs.ncats.io/drug/5018V4AEZ0
https://drugs.ncats.io/drug/4GDQ854U53
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VISMODEGIB 

2012 

“The first indication that small molecules 

could block the Hh pathway was demon-

strated when the mechanism of action for the 

natural product cyclopamine was discovered 

based on the similarity of SHH loss-of-func-

tion phenotypes with cyclopamine-treated 

embryos. Cyclopamine was initially identi-

fied in 1968 as the component of the plant 

Veratrum californicum responsible for induc-

ing cyclopia in newborns of pregnant sheep 

grazing in areas where the plant was endemic. 

This steroidal alkaloid was subsequently 

shown to bind directly to SMO and block Hh 

signaling with an EC 50 of ~ 300 nM. How-

ever, its structural complexity, scarcity, poor 

aqueous solubility and poor chemical stabil-

ity in acid led us to identify small-molecule 

Hh antagonists of a different chemical class. 

The suggestion that the pathway could be 

drugged and the potential for small-molecule 

antagonists as therapies for BCC and medul-

loblastoma and agonists in neurodegenera-

tive diseases led Curis to initiate the first 

small molecule screen of the pathway. A se-

ries of high-profile papers published in 2003 

and 2004 suggesting a role for Hh ligands 

driving autocrine or juxtacrine (adjacent cell-

to-cell signaling) signaling spurred many 

companies to initiate small-molecule pro-

grams around this time frame. However, 

careful analysis of large panels of cell lines 

with a number of Hh pathway inhibitors 

(HPIs) revealed that these effects on prolifer-

ation were off-target activities and that Hh-

ligand associated cancers rely on paracrine 

signaling. Small-molecule inhibitors of the 

Hh pathway were identified via a high-

throughput screen using murine CH310T½ 

embryonic fibroblast cells stably expressing 

a luciferase reporter gene under transcrip-

tional control by GLI. The use of this GLI-

luciferase assay was critical to enable identi-

fication of potent and selective Hh pathway 

inhibitors. When these cells are stimulated 

with exogenous SHH, luciferase activity and 

thus Hh-pathway activity can be measured by 

standard optical assays(600).” 

AVANAFIL 

2012 

Analogue of sildenafil 

CARFILZOMIB 

2012 

Analogue of bortezomib 

ENZALUTAMIDE 

2012 

Analogue of bicalutamide 

RAXIBACUMAB 

2012 

https://drugs.ncats.io/drug/25X868M3DS
https://drugs.ncats.io/drug/DR5S136IVO
https://drugs.ncats.io/drug/72X6E3J5AR
https://drugs.ncats.io/drug/93T0T9GKNU
https://go.drugbank.com/drugs/DB08902
https://go.drugbank.com/drugs/DB08902
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Monoclonal Antibody 

ACLIDINIUM 

2012 

Analogue of scopolamine 

LOMITAPIDE MESYLATE 

2012 

“A potentially effective therapy for homozy-

gous familial hypercholesterolemia would be 

to reduce low-density lipoprotein (LDL) pro-

duction. The MTP is responsible for transfer-

ring triglycerides onto ApoB within the liver 

in the assembly of very-low-density lipopro-

tein (VLDL), the precursor to LDL. In the ab-

sence of functional MTP, as in the rare reces-

sive genetic disorder abetalipoproteinemia, 

the liver cannot secrete VLDL, leading to the 

absence of all lipoproteins containing ApoB 

in the plasma. Thus, the pharmacologic inhi-

bition of MTP might be a strategy for reduc-

ing LDL production and plasma LDL choles-

terol levels. Preclinical studies in animal 

models lacking LDL receptors had shown 

that the inhibition of MTP significantly re-

duces serum cholesterol levels. Lomitapide 

whose precursors were discovered in a high 

through put screen, directly binds and inhibits 

MTP, which resides in the lumen of the en-

doplasmic reticulum, thereby preventing the 

assembly of apoB-containing lipoproteins in 

enterocytes and hepatocytes. This inhibits the 

synthesis of chylomicrons and VLDL. The 

inhibition of the synthesis of VLDL leads to 

reduced levels of plasma LDL-C(581).” 

From the discovery paper of the lead com-

pound, cited in the previous quotation: 

“Inhibition of Lipid Transport. The inhibi-

tion of lipid transfer activity in the presence 

of BMS-200150 was measured in an assay 

similar to one that has been previously de-

scribed. Donor and acceptor small unilamel-

lar vesicles (SUVs) were prepared by bath 

sonication in 15 mM Tris HCl, pH 7.5/1 mM 

EDTA acid/40 mM NaCl/0.02% sodium az-

ide (assay buffer). The lipid transfer assay 

mixture contained donor membranes (40 

nmol egg PC/7.5 mol % cardiolipin/0.25 mol 

% radiolabeled substrate), acceptor mem-

branes (240 nmol egg PC), 5.0 mg BSA, and 

various concentrations of BMS-200150 in a 

total volume of 0.68 ml assay buffer. BMS-

200150 was dissolved in dimethyl sulfoxide 

(DMSO) and added to the reaction mixture. 

The final concentration of DMSO was 0.5%. 

The reaction was started by the addition of 

MTP in 20 µl assay buffer. After a 60-min in-

cubation at 37°C, the reaction was terminated 

by the addition of 0.5 ml of DE-52 cellulose 

(Whatman) pre-equilibrated in 15 mM Tri-

sHCl, pH 7.4/1.0 mM EDTA/ 0.02% sodium 

azide (1:1, vol/vol). The mixture was agitated 

for 5 min and centrifuged at maximum speed 

in a Biofuge B centrifuge for 3 min to pellet 

the DE-52 bound donor vesicles. First order 

kinetics were used to calculate the lipid trans-

fer rate using the equation [S] = [S]0e
-kt, 

where [S]0 and [S] are the fraction of the 

available labeled lipid in the donor mem-

brane at times 0 and t, respectively, and k is 

the fraction of the available labeled lipid 

transfered per unit time. This calculation cor-

rects for the depletion of labeled lipid in do-

nor vesicles that occurs with time. 

Identification and Characterization of 

BMS-200150. High-throughput screening of 

the Bristol-Myers Squibb compound collec-

tion identified BMS-200150 as a potent in-

hibitor of bovine MTP-mediated transport of 

https://drugs.ncats.io/drug/K17VY42F6C
https://drugs.ncats.io/drug/X4S83CP54E
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TG between SUVs. The IC50 for inhibition of 

TG transfer was 0.6 µM(601).” 

OMACETAXINE 

2012 

From the 1969 discovery paper: 

“We wish to report the structure of cephalo-

taxine, and three related alkaloids isolated 

from Cephalotaxus harrigtonia variety drupa-

cea. These were obtained from an ethanol ex-

tract of the seed by countercurrent distribu-

tion and subsequent thin-layer chromatog-

raphy of an alkaloid concentrate. An ester of 

cephalotaxine, for which we propose the 

name harringtonine, has shown significant 

inhibitory activity against the experimental 

lymphoid leukemia systems L1210 and P388 

in mice at 1.0 mg./kg. […] 

Assays were performed under the auspices of 

the Cancer Chemotherapy National Service 

Center(602).” 

IVACAFTOR 

2012 

“After the CFTR gene was discovered in 

1989, there was considerable hope that gene 

therapy could be rapidly developed. How-

ever, this has proven to be extremely chal-

lenging. There have been over 25 gene ther-

apy trials using either viral or cationic lipid-

based vector systems which have shown lim-

ited success. Even after successful uptake of 

the CFTR gene, the cells lose expression after 

a few weeks. Gene therapy, should it prove to 

be therapeutically effective, could be used to 

treat all patients with CF regardless of CFTR 

mutation. […] 

An alternative to gene therapy, which shows 

more promise, is the development of small-

molecule compounds that target specific 

CFTR mutations. […] 

Ivacaftor was identified by screening over 

228,000 small-molecule compounds using 

high throughput screening with a cell-based 

fluorescence membrane potential assay de-

signed to identify CFTR potentiators(603).” 

APIXABAN 

2012 

Analogue of rivaroxaban 

CABOZANTINIB 

2012 

Analogue(542) of crizotinib 

PONATINIB 

2012 

Analogue(542) of imatinib(571) 

PASIREOTIDE 

2012 

Analogue of the endogenous somatostatin 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

https://drugs.ncats.io/drug/84MI6OYN4Z
https://drugs.ncats.io/drug/1Y740ILL1Z
https://drugs.ncats.io/drug/3Z9Y7UWC1J
https://drugs.ncats.io/drug/1C39JW444G
https://drugs.ncats.io/drug/4340891KFS
https://drugs.ncats.io/drug/98H1T17066
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LINACLOTIDE 

2012 

Analogue of the endogenous uroguanylin 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

“The approach to its discovery exploited the 

mechanisms of enterotoxigenic Escherichia 

coli to produce traveler’s diarrhea and the 

discovery of the endogenous hormones guan-

ylin and uroguanylin regulating intestinal 

fluid homeostasis(604).” 

From the discovery paper of guanylin: 

“Pathogenic strains of E. coli and other bac-

teria produce a family of heat-stable entero-

toxins (STs) that activate intestinal guanylate 

cyclase. STs are acidic peptides that contain 

18 or 19 amino acids with six cysteines and 

three disulfide bridges that are required for 

full expression of bioactivity. The increase of 

intestinal epithelial cyclic GMP elicited by 

STs is thought to cause a decrease in water 

and sodium absorption and an increase in 

chloride secretion. These changes in intesti-

nal fluid and electrolyte transport then act to 

cause secretory diarrhea. In developing coun-

tries, the diarrhea resulting from STs causes 

many deaths, particularly in the infant popu-

lation. STs are also considered a major cause 

of traveler’s diarrhea in developed countries. 

They have also been reported to be a leading 

cause of morbidity and death in domestic an-

imals. 

In the present study, we designed a bioassay 

to search for a potential endogenous ligand 

that activates the intestinal guanylate cyclase. 

This bioassay is based on the demonstration 

that T84 cells in culture respond to ST in a 

selective and sensitive manner with graded 

increases of intracellular cyclic GMP. This 

bioassay revealed that the intestine as well as 

the kidney possessed an active material. Pu-

rification of this material from the rat intes-

tine was accomplished and the structure was 

determined to be a 15-amino acid peptide 

with 4 cysteines that must be disulfide-linked 

for bioactivity. The peptide, termed guanylin, 

also possesses a high degree of homology 

with STs(605).” 

Regarding the discovery of the relationship 

between E. coli and diarrhea: 

“The first reports of E. coli-associated diar-

rheal disease came from nursery epidemics in 

the mid 1940s. Prior to this time E coli was 

not recognized as a pathogen as long as it was 

confined to the gastrointestinal tract. During 

these nursery outbreaks, mortality rates were 

high, often as much as 50%; autopsy studies 

showed minimal inflammation of the small 

bowel, somewhat edematous mucosa, and an 

absence of ulceration. Bacteriologically, 

specimens of small intestine and stool 

showed a predominantly E. coli flora belong-

ing to common serotypes that could be iden-

tified with specific antisera. One of the early 

and widely recognized enteropathogenic iso-

lates, originally designated as D433, was 

later classified as serotype O111, the desig-

nation by which we now recognize it. Alt-

hough these serotypes could be identified in 

low frequency from normal children and 

adults, they were found in as high as 80-

100% of children with diarrhea and were thus 

epidemiologically incriminated as the cause 

of diarrhea and designated enteropathogenic. 

With the investigation of more epidemics, the 

number of enteropathogenic serotypes grew, 

until at present there are approximately 20-25 

recognized, depending upon the geographical 

areas involved. 

In addition to this epidemiologic evidence for 

pathogenicity, volunteer experiments in both 

adults and a child with two of these serotypes 

confirmed that the ingestion of large numbers 

of these organisms regularly resulted in diar-

rhea and that the strains could be recovered 

in large numbers from the feces(606).” 

FLORBETAPIR F-18 

https://drugs.ncats.io/drug/N0TXR0XR5X
https://drugs.ncats.io/drug/6W15Z5R0RU
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2012 

Radiopharmaceutical 

MIRABEGRON 

2012 

“At the Institute for Drug Discovery Re-

search (Astellas Pharma Inc., Ibaraki, Japan), 

Maruyama et al. chose as their lead com-

pound in the search for novel potent and se-

lective human β3-AR agonists, the benzene-

sulfonanilide derivative reported in 1998 by 

Merck scientists to be one of the first selec-

tive human β3-AR agonists. Maruyama et al. 

hypothesized that the position of the two ben-

zene rings in the benzenesulfonanilide moi-

ety of would play an important role in its β3-

AR agonistic activity and/or its selectivity. 

This compound and its derivatives had an ex-

cellent activity profile but an extremely poor 

oral bioavailability, presumably due to the 

polar and highly solvated urea moiety. Their 

huge experimental efforts led to the design 

and synthesis of phenyl-acetanilide deriva-

tives by converting the sulphonamide moiety 

in the RHS of into an acetamide moiety. Ex-

tensive structure-activity relationship (SAR) 

studies on the RHS substituents of these 

novel compounds were conducted using hu-

man β-ARs. The biological agonistic activity 

in vitro was measured evaluating the increase 

in cAMP levels in CHO cells expressing 

cloned human β3-, β2- and β1-ARs. The in 

vivo evaluation was performed measuring the 

reduction on plasma glucose levels in a ro-

dent model of type 2 diabetes(607).” 

From the discovery paper: 

“In the search for potent and selective human 

β3-adrenergic receptor (AR) agonists as po-

tential pharmacotherapies for the treatment of 

obesity and non-insulin dependent (type II) 

diabetes, we prepared a novel series of phe-

nylethanolamine derivatives containing acet-

anilides and evaluated their biological activi-

ties at the human β3-, β2-, and β1-ARs. 

Among these compounds, the 6-amino-2-

pyridylacetanilide, 2-amino-5-methylthiazol-

4-ylacetanilide, and 5-amino-1,2,4-thiadia-

zol-3-ylacetanilide derivatives showed po-

tent agonistic activity at the β3-AR with func-

tional selectivity over the β1- and β2-ARs. In 

addition, these compounds exhibited signifi-

cant hypoglycemic activity in a rodent dia-

betic model(608).” 

REGORAFENIB 

2012 

Analogue(542) of sorafenib 

TAFLUPROST 

2012 

Analogue of prostaglandin F2 alpha 

TALIGLUCERASE ALFA 

2012 

“Taliglucerase alfa is the recombinant active 

form of the human lysosomal enzyme, β-glu-

cocerebrosidase(2).” 

GLUCARPIDASE 

2012 

Secondary 

https://drugs.ncats.io/drug/MVR3JL3B2V
https://drugs.ncats.io/drug/24T2A1DOYB
https://drugs.ncats.io/drug/1O6WQ6T7G3
https://go.drugbank.com/drugs/DB08876
https://go.drugbank.com/drugs/DB08898
https://go.drugbank.com/drugs/DB08898
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PERAMPANEL 

2012 

From the discoverer(s): 

“Perampanel was built on a chemical tem-

plate discovered via high‐throughput screen-

ing (HTS). At the time of initiation of the per-

ampanel discovery program, AMPA receptor 

antagonists of a variety of structural classes 

were known. The search for new AMPA re-

ceptor antagonists was stimulated by the 

recognition that many competitive AMPA re-

ceptor antagonists failed to penetrate the 

blood–brain barrier, and for compounds such 

as NBQX that did enter the brain, there were 

safety concerns due to poor solubility. At the 

same time, while 2,3‐benzodiazepine AMPA 

receptor antagonists did show good blood–

brain barrier penetration, they had modest po-

tency. The objective was to discover struc-

tures with improved safety and higher po-

tency. HTS was performed using a 

[3H]AMPA‐binding assay to search for com-

pounds that competitively displaced binding 

at the glutamate recognition site (competitive 

antagonists). AMPA‐induced neuronal cell 

death in rat primary cortical neuron cultures 

served as a functional assay of AMPA recep-

tor blockade. To exclude neuroprotective 

compounds that did not act on the AMPA re-

ceptor target, compounds were tested for 

their ability to inhibit AMPA‐induced Ca2+ 

influx, a more direct assay of AMPA receptor 

antagonist activity. No promising new com-

pounds were identified with the [3H]AMPA‐

binding assay. However, among hits in the 

functional assay, 2,4‐diphenyl‐4H‐

[1,3,4]oxadiazin‐5‐one – which showed 

AMPA receptor blocking activity with an 

IC50 value of about 5 μm – was selected as 

the starting point for a medicinal chemistry 

effort. Initial efforts focused on increasing 

potency and water solubility, with the aim of 

creating a drug to be administered intrave-

nously in the treatment of acute stroke. Sub-

sequently, the focus changed to developing a 

compound with oral efficacy that could be 

used in the treatment of chronic neurological 

diseases. This reduced the requirement for 

water solubility and expanded the options for 

chemical modification. The core structure 

1,3,5‐triaryl‐1H‐pyridin‐2‐one was identified 

following this change in strategy. Peram-

panel [2‐(2‐oxo‐1‐phenyl‐5‐pyridin‐2‐yl‐1,2‐

dihydropyridin‐3‐yl)benzonitrile hydrate 

4:3] was discovered by optimization of the 

core structure, mainly focusing on increasing 

oral efficacy(609).” 

TEDUGLUTIDE 

2012 

Endogenous-based biopharmaceutical 

Different from the endogenous glucagon-like 

peptide-2 (GLP-2) in only one amino acid 

(glycine instead of alanine)(2) 

ICOSAPENT 

2012 

Polyunsaturated fatty acid found in fish oils 

OCRIPLASMIN 

2012 

Recombinant truncated form of human plas-

min(2) 

PERTUZUMAB 

2012 

Monoclonal Antibody 

COBICISTAT 

2012 

Secondary 

CROFELEMER 

https://drugs.ncats.io/drug/H821664NPK
https://drugs.ncats.io/drug/7M19191IKG
https://drugs.ncats.io/drug/AAN7QOV9EA
https://go.drugbank.com/drugs/DB08888
https://go.drugbank.com/drugs/DB08888
https://go.drugbank.com/drugs/DB06366
https://go.drugbank.com/drugs/DB06366
https://drugs.ncats.io/drug/LW2E03M5PG
https://drugs.ncats.io/drug/PY79D6C8RX
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2012 

Secondary 

BEDAQUILINE 

2012 

“TMC207 (also known as R207910 or the ‘J’ 

compound) is a diarylquinoline that inhibits 

the proton pump of M. tuberculosis’s ATP 

synthase, a novel mechanism of action. It was 

discovered by Johnson & Johnson (J&J) via 

a screening program of more than 70,000 

compounds with activity against the sapro-

phytic Mycobacterium smegmatis, a more 

rapidly growing and manageable mycobacte-

rium compared with M. tuberculosis(610).” 

“The development of TMC207 represents an 

important advance in the chemotherapy of tu-

berculosis. It is perhaps most amazing be-

cause of the defiantly unconventional nature 

of the effort. At virtually every step, from the 

original discovery of the diarylquinolines by 

screening for compounds that would kill My-

cobacterium smegmatis, a saprophytic dis-

tant relative of M. tuberculosis, through the 

phase 2 study by Diacon et al. reported in this 

issue of the Journal this effort flouted con-

ventional wisdom about how to develop new 

drugs for tuberculosis. 

It is also a humbling case study that is worth 

some reflection. Those of us in the tuberculo-

sis field turned up our noses at looking for 

compounds that killed anything less than the 

real human pathogen, and until recently, the 

whole notion of screening drugs for their 

ability to provide activity against whole or-

ganisms was somewhat anachronistic. Surely 

we have advanced in the decades since strep-

tomycin was isolated by Selman Waksman 

after he performed such a screen. Give us a 

nice, isolated enzyme with a high-resolution 

x-ray crystallographic structure, and we will 

use the armamentarium of modern drug dis-

covery to treat the hard-to-treat tuberculosis. 

The problem, summed up recently by Payne 

et al., is that this approach does not work for 

bacteria. The truly disturbing fact is that we 

do not understand why. We can develop ex-

quisitely potent and selective inhibitors of 

virtually any target we choose, but these in-

hibitors rarely translate into anything with ac-

tivity useful against whole cells(611).” 

TOFACITINIB CITRATE 

2012 

From the discovery paper: 

“The Pfizer chemical library was screened 

for inhibitors of in vitro JAK3 kinase activity, 

providing the lead compound, CP-352,664. 

Extensive chemical modification led to CP-

690,550. Although CP-690,550 was highly 

potent for JAK3 inhibition [enzyme inhibi-

tory potency of 1 nM], it was 20- to 100-fold 

less potent for JAK2 and JAK1, respectively. 

Because JAK2 mediates signaling via many 

hematopoietic cytokines [e.g., erythropoi-

etin, thrombopoietin, and colony-stimulating 

factor receptors], potent JAK2 inhibition 

could result in anemia, thrombocytopenia, 

and leukopenia in vivo. In addition, CP-

690,550 did not have potent activity against 

30 other kinases [all median inhibitory con-

centration (IC50) > 3000 nM]. This included 

Lck, a key T lymphocyte–signaling molecule 

downstream of the T cell receptor. 

Cell-based assays were used to further com-

pare drug effects on signaling via JAK3 (IL-

2–induced proliferation of human T cell 

blasts) with that via JAK2 [granulocyte–mac-

rophage–colony-stimulating factor (GM-

CSF)–induced proliferation of HUO3 cells], 

as well as cellular systems dependent on 

https://drugs.ncats.io/drug/78846I289Y
https://drugs.ncats.io/drug/O1FF4DIV0D
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other kinases.(612)” 

INGENOL MEBUTATE 

2012 

“E. peplus, commonly known as ‘petty 

spurge’ in England or ‘radium weed’ in Aus-

tralia, has a long history of traditional use for 

a variety of conditions. For example, the sap 

from E. peplus has been used as a purgative, 

to treat asthma, catarrh and several internal 

tumours as well as a topical treatment for 

warts, corns, waxy growths and skin cancers. 

A survey of home remedies for skin cancer 

and actinic keratosis reported the unanimous 

opinion by the users that topical treatment 

with E. peplus sap was effective 

Despite the long history of traditional use of 

E. peplus for the treatment of skin cancers it 

was only when Dr James Aylward, whose 

family had used E. peplus sap for self-treat-

ment of skin cancer since the mid-1900s, ap-

proached Professor Peter Parsons at the 

Queensland Institute of Medical Research in 

1996, that the idea of identifying and isolat-

ing the active constituent emerged. Dr Ayl-

ward enthusiastically described the signifi-

cant anti-cancer activity and long term cos-

metic effect that he and his family had ob-

served over many years of use of E. peplus 

sap and outlined his vision for the potential 

discovery of a novel natural product that 

could be developed as an NCE for the treat-

ment of skin cancer(613).” 

CITRIC ACID; MAGNESIUM OXIDE; SO-

DIUM PICOSULFATE 

2012 

Diagnostic preparation 

OBINUTUZUMAB 

2013 

Monoclonal Antibody 

FLUTEMETAMOL F-18 

2013 

Radiopharmaceutical 

BAZEDOXIFENE 

2013 

Analogue of raloxifene(1) 

OSPEMIFENE 

2013 

Analogue of raloxifene 

IBRUTINIB 

2013 

From the discoverer(s): 

“We have previously described the synthesis 

of a series of Btk inhibitors that bind cova-

lently to a cysteine residue (Cys-481) in the 

active site leading to potent and irreversible 

inhibition of Btk enzymatic activity. One of 

these compounds, PCI-32765, was selected 

for the present studies because of its potency 

(IC50, 0.5 nM) and selectivity for Btk against 

a screening panel of kinase enzymes(614).” 

RADIUM RA-223 CATION 

2013 

https://drugs.ncats.io/drug/7686S50JAH
https://go.drugbank.com/drugs/DB09268
https://go.drugbank.com/drugs/DB09268
https://go.drugbank.com/drugs/DB08935
https://go.drugbank.com/drugs/DB08935
https://drugs.ncats.io/drug/L49M066S0O
https://drugs.ncats.io/drug/Q16TT9C5BK
https://drugs.ncats.io/drug/B0P231ILBK
https://drugs.ncats.io/drug/1X70OSD4VX
https://drugs.ncats.io/drug/9H414A99MD


307 

 

DIMETHYL FUMARATE 

2013 

“Dimethyl fumarate (DMF) is derived from 

the simple organic acid fumaric acid which is 

named after the earth smoke plant (Fumaria 

officinalis). In the late 1950s, fumaric acid 

derivates were first used for the treatment of 

psoriasis based on the erroneous assumption 

that the disease may be caused by a metabolic 

deficiency in the citric acid cycle and that ex-

ogenous repletion may restore the balance in 

the Krebs cycle, thus leading to beneficial ef-

fects on the disease. 

While free fumaric acid is poorly absorbed by 

the gastrointestinal tract, its ester derivatives, 

namely monomethyl fumarate (MMF) and 

DMF proved to be beneficial in treating pso-

riasis, first administered as a topical ointment 

and, later, also as an oral formulation. Since 

the mid-1990s, a combination of ethylhydro-

gen fumarates and DMF has been licensed in 

Germany under the brand name Fumaderm® 

with DMF constituting approximately 60% 

of the fumaric acid mixture. This medication 

was proven to be clinically effective in the 

treatment of moderate to severe forms of pso-

riasis in large clinical trials and nowadays is 

one of the most widely used oral compounds 

for psoriasis therapy in Germany. Ultimately, 

DMF was found to be a major effective prin-

ciple in the preparation. As the immuno-

pathology of psoriasis was unveiled, first der-

matologic in vitro and ex vivo studies rapidly 

pointed at the immunomodulatory properties 

of DMF. Fostered by the well-described 

safety profile of fumaric acid esters in psori-

asis, the immunomodulatory potential of 

Fumaderm® and DMF was also explored in 

other immune-mediated diseases which ulti-

mately led to rigorous testing of DMF in large 

multi-center phase II and III studies of relaps-

ing-remitting multiple sclerosis 

(RRMS)(615).” 

VORTIOXETINE 

2013 

Analogue of fluoxetine(616) 

ESLICARBAZEPINE 

2013 

Analogue of carbamazepine 

DOLUTEGRAVIR 

2013 

Analogue of raltegravir 

TECHNETIUM TC-99M TILMANOCEPT 

2013 

Radiopharmaceutical 

LULICONAZOLE 

https://drugs.ncats.io/drug/FO2303MNI2
https://drugs.ncats.io/drug/3O2K1S3WQV
https://drugs.ncats.io/drug/S5VXA428R4
https://drugs.ncats.io/drug/DKO1W9H7M1
https://drugs.ncats.io/drug/8IHI69PQTC
https://drugs.ncats.io/drug/RE91AN4S8G
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2013 

Analogue of miconazole(1) 

ALOGLIPTIN BENZOATE 

2013 

Analogue of sitagliptin 

AFATINIB 

2013 

Analogue(542) of gefitinib(571) 

NINTEDANIB 

2014 

From the discoverer(s): 

“Inhibition of VEGFR2 was a potential mode 

of action to suppress neoangiogenesis in tu-

mour tissue. Consequently, a lead optimisa-

tion programme aimed at the identification of 

a new chemical entity displaying potent and 

selective inhibition of VEGFR2 was initiated 

High-throughput screening (HTS) was the 

state-of-the-art hit-finding strategy at the 

time, and accordingly an HTS campaign tar-

geting VEGFR2 inhibition was instigated at 

the Boehringer Ingelheim facilities. In paral-

lel, Boehringer Ingelheim scientists made an 

intriguing observation during an exploration 

of structure–activity relationships (SARs) 

around the potent cyclin-dependent kinase 4 

(CDK4) inhibitor lead compound 2: they 

found that transferring the amido group on 

the oxindole core from the 5- to the 6-position 

abolished CDK4 inhibition. Interestingly, 

however, the resulting oxindole (compound 

3) retained VEGFR2 inhibition, making it a 

potential hit candidate for the angiogenesis 

programme. To this end, compound 3 was 

evaluated in a small in-house kinase assay 

panel (insulin-like growth factor 1 receptor 

(IGF1R), insulin receptor (INSR), CDK1, 

CDK2, CDK4, epidermal growth factor re-

ceptor (EGFR), human epidermal growth 

factor receptor 2 (HER2), polo-like kinase 1 

(PLK1)) and, quite remarkably, displayed se-

lectivity against all of the kinases in this 

panel. Indeed, this specificity pattern was su-

perior to those of other hit structures identi-

fied, and therefore compound 3 was nomi-

nated as the sole lead compound of the 

VEGFR2 programme. […] 

Initial synthesis efforts were aimed at im-

proving the biochemical potency of com-

pound 3(617).” 

DABRAFENIB 

2013 

From the discovery paper: 

“Our early efforts aimed at discovering inhib-

itors of B-RafV600E suitable for clinical evalu-

ation led to the identification of thia-

zole 1. This compound shows potent in vitro 

kinase inhibitory activity against the B-

RafV600E enzyme, and in both cellular mecha-

nistic (pERK) and proliferation assays in the 

https://drugs.ncats.io/drug/EEN99869SC
https://drugs.ncats.io/drug/41UD74L59M
https://drugs.ncats.io/drug/G6HRD2P839
https://drugs.ncats.io/drug/QGP4HA4G1B
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B-RafV600E SKMEL28 melanoma cell line. 

Thiazole 1 also had low clearance and good 

overall oral systemic exposure in rats. How-

ever, this compound displayed very high 

clearance and poor bioavailability in non-

rodent species. Additionally, metabolite 

identification studies conducted in dog and 

monkey liver microsomes identified several 

major metabolites clustered in the tail and 

core regions of the molecule. We hypothe-

sized that drug exposure after an oral dose in 

the higher species was limited by rapid com-

pound metabolism. Medicinal chemistry ef-

forts were thus focused on improving phar-

macokinetic properties in dog while preserv-

ing the favorable target potency, selectivity, 

and rodent pharmacokinetic properties inher-

ent in this template. 

Having established the sulfonamide as a key 

pharmacophore required for potent cellular 

inhibition of B-RafV600E, we performed sig-

nificant structural modifications elsewhere to 

lower the molecular weight and reduce the 

number of metabolic sites contained within 

the template. Truncation of the tail by replac-

ing the aminopyridine in 1 with a small alkyl 

group (5) or polar functionality (6–8) largely 

preserved enzyme potency, cellular mecha-

nistic potency (pERK), and inhibition of pro-

liferation in B-RafV600E SKMEL28 cells but 

resulted in significantly higher clearance in 

rat(618).” 

From the discovery paper of the lead com-

pound, cited in the previous quotation: 

“Compound 1, a B-Raf lead identified from 

our oncology-directed kinase programs, fea-

tures an imidazopyridine core and a large hy-

drophobic benzamide headgroup. Although 

this compound displayed good activity in the 

B-Raf V600E enzyme assay, it had little ac-

tivity in either mechanistic (pERK) or anti-

proliferative cell-based assays using the B-

Raf V600E mutant SKMEL28 cell line. 

In an effort to improve the cellular activity of 

the series, SAR in the headgroup, core and 

tail regions of compound 1 were explored in 

parallel. […] 

Evaluation of several different headgroup 

linkers (1 and 9–11) revealed that the sulfon-

amide-containing analog 11 showed a sub-

stantial improvement in cellular potency, par-

ticularly in the pERK mechanistic assay run 

in B-Raf V600E mutant SKMEL28 cells. In-

terestingly, sulfonamide 11 had similar po-

tency in the cellular pERK assay and B-Raf 

biochemical assay, although activity in the 

SKMEL28 anti-proliferative assay was still 

inadequate(619).” 

MACITENTAN 

2013 

Analogue of bosentan 

From the discoverer(s): 

“Approximately 2,500 novel compounds tar-

geting both ET receptors were synthesized, 

characterized, and tested for ET receptor af-

finity. The most potent compounds were then 

tested in a selection cascade, which included 

functional inhibition assays and in vivo mod-

els. Approximately 300 compounds were as-

sessed for in vivo efficacy in several animal 

models of hypertension or PH, and 40 com-

pounds were tested in a hepatic safety model 

after intravenous injection in rats. At the end 

of this process one compound met the re-

quired criteria and emerged as a highly attrac-

tive candidate for further studies. This com-

pound was macitentan […] 

The structure of macitentan was derived from 

the structure of bosentan, taking into account 

all other patented structures of ERAs. The 

https://drugs.ncats.io/drug/Z9K9Y9WMVL
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sulfonamide moiety present in bosentan was 

replaced with a sulfamide moiety, resulting in 

an increased receptor affinity and an overall 

increase in lipophilicity(620).” 

VILANTEROL 

2013 

Analogue of salbutamol 

CANAGLIFLOZIN 

2013 

Analogue of dapagliflozin(1) 

RIOCIGUAT 

2013 

From the discovery paper: 

“Direct NO-independent sGC stimulation 

was first demonstrated in 1994 when Ko and 

colleagues reported cGMP-stimulating prop-

erties for benzylindazole YC-1. Our ini tial 

chemical optimization program based on YC-

1 as a lead structure resulted in the identifica-

tion of the sGC stimulators BAY 41-2272 

and BAY 41-8543 with a pyrazolopyridinyl 

pyrimidine core. The mode of action of these 

two compounds is similar to that of YC-1, but 

they demonstrate greatly increased potency 

and specificity for sGC. […] 

In the course of our optimization we investi-

gated more than 800 pyrimidine derivatives 

differing mainly at C5 […] 

As primary in vitro assays to evaluate sGC-

stimulating potency we monitored cGMP for-

mation in a sGC-overexpressing Chinese 

hamster ovarian (CHO) cell line and the inhi-

bition of phenylephrine-induced contractions 

of rabbit aortic rings. In the former case we 

used the minimum effective concentration 

(MEC) for cGMP formation rather than the 

EC50 values for our SAR studies, as this pro-

vides a better correlation with the relaxation 

of isolated vessels and effective plasma con-

centrations in vivo. Apart from biological 

variability, deviations between the primary 

assays may be explained by differences in 

cell and tissue penetration. Blood pressure 

lowering effects were evaluated in conscious, 

spontaneously hypertensive rats equipped 

with a radiotelemetric device for continuous 

recording of hemodynamic parameters. Oral 

in vivo potency, efficacy, and duration of ac-

tion in this model also provided initial hints 

on the PK profile.  

Our lead compounds BAY 41-2272 and BAY 

41-8543 stimulated the sGC-overexpressing 

cell line starting at 0.03 mm and inhibited the 

phenylephrine-induced contractions of rabbit 

aorta with IC50 values of 0.30 and 0.10 mm, 

respectively.[…] 

Throughout the project we synthesized nu-

merous pairs of pyrimidine 4-amines and 4,6-

diamines as exemplified by the pairs shown 

in Table 1 and Table 2. Overall, no major dif-

ferences in in vitro potency were observed. In 

most cases, however, the diamino analogues 

displayed a slightly more potent relaxation of 

rabbit aorta than their monoamino counter-

parts. A seven- to tenfold loss in potency for 

relaxing rabbit aorta was observed upon re-

placement of the amino group of BAY 41-

8543 by methyl or hydrogen. The weak blood 

pressure lowering effect of compound 9 

https://drugs.ncats.io/drug/028LZY775B
https://drugs.ncats.io/drug/0SAC974Z85
https://drugs.ncats.io/drug/RU3FE2Y4XI
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suggests that the potency loss was even more 

dramatic in vivo, indicating a positive impact 

of the amino group on oral exposure(621).” 

The 1994 paper reporting YC-1, cited in the 

previous quotation, does not narrate how YC-

1 was discovered, yet it initially reports its 

antiplatelet activity this way: 

“YC-1 [3-(5’-hydroxymethyl-2’-furyl)-1-

benzylindazole] inhibited the aggregation of 

and ATP release from washed rabbit platelets 

induced by arachidonic acid, collagen, 

U46619, platelet-activating factor, and 

thrombin in a concentration-dependent man-

ner(622).” 

UMECLIDINIUM 

2013 

Analogue of tiotropium 

TRAMETINIB 

2013 

“Systems-based, phenotypic screening(542)” 

From the discovery paper: 

“Our synthetic efforts, beginning from the 

lead compound 2, were directed at improving 

antiproliferative activity against cancer cells 

as well as various drug properties. 

During a high-throughput screening for com-

pounds that can induce expression of the cy-

clin-dependent kinase (CDK) 4/6 inhibitor 

p15INK4b, we identified 2. Subsequent experi-

ments confirmed that 2 has an antiprolifera-

tive activity against human cancer cell lines 

ACHN (renal adenocarcinoma) and HT-29 

(colorectal adenocarcinoma) with IC50 values 

of 4800 and 990 nM, respectively. We con-

ducted a medicinal chemistry campaign, 

chemically modifying 2 to optimize for these 

antiproliferative effects. Our synthetic efforts 

led to the discovery of orally bioavailable 

GSK1120212 (JTP-74057 DMSO solvate) 1, 

demonstrating selective inhibition of prolif-

eration in various BRAF mutant cancer cell 

lines. This compound was confirmed through 

molecular target analyses to be a highly po-

tent and selective inhibitor of MEK1/2. We 

describe herein the structure−activity rela-

tionship (SAR) studies on 2 guided by 

ACHN and HT-29 cancer cell lines growth 

inhibitory activity […] 

Because the molecular target of this com-

pound series was still unknown at that time, 

we carried out a compound-immobilized af-

finity chromatography in which the ana-

logues of 8b were immobilized to resin. As a 

result, we found that 8b binds to MEK1/2 

and inhibits its kinase activity with high spec-

ificity(623).” 

From the discovery paper of the lead struc-

ture cited in the previous quotation: 

“Here we report that the pyrido‐pyrimidine 

derivative JTP‐70902, identified by screen-

ing for p15INK4b‐inducing activity, induces 

cell cycle arrest at G1 phase in the 

p16INK4a‐inactivated human colon cancer 

cell line HT‐29. Analysis of the p15INK4b‐

inducing mechanism revealed that JTP‐

70902 binds to MEK1/2 and inhibits its ki-

nase activity. […] 

Screening of our compound library for 

p15INK4b‐inducing activity was conducted 

by a branched‐DNA method, using a Quanti-

Gene High Volume Kit for the Direct Quan-

titation of Cellular mRNA with p15INK4b‐

specific probes. […] 

We established a high‐throughput branched‐

DNA assay and screened a total of 160 000 

https://drugs.ncats.io/drug/GE2T1418SV
https://drugs.ncats.io/drug/33E86K87QN
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compounds for their ability to induce the ex-

pression of p15INK4b mRNA. As a result, a 

pyrido‐pyrimidine derivative, JTP‐70902, 

was identified to have a high p15INK4b‐in-

ducing activity. In a time‐course analysis us-

ing human colon cancer HT‐29 cells, 100 nM 

JTP‐70902 slightly induced expression of the 

p15INK4b protein after 8 h exposure, and the 

effect was pronounced after 24 h expo-

sure(624).” 

SOFOSBUVIR 

2013 

Analogue of zidovudine 

ADO-TRASTUZUMAB EMTANSINE 

2013 

Alteration of trastuzumab: 

“DM1, the cytotoxic component of T-DM1, 

is a derivative of the microtubule depolymer-

izing agent maytansine. DM1 induces mitotic 

arrest and triggers apoptosis in a manner sim-

ilar to vinorelbine and other vinca alkaloids. 

Maytansine was known as a potent cytotoxic 

agent for several decades, but its nonselective 

toxicity curtailed clinical development. DM1 

exhibits in vitro potency 3–10 times greater 

than maytansine, and 25–500 times greater 

than vinblastine or taxanes(625).” 

Discovery of DM1 (DM1 = MERTANSINE) 

Analogue of maytansine 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

Discovery of maytansine: 

From the discovery paper of maytansine: 

“In the course of a continuing search for tu-

mor inhibitors from plant sources, we found 

that an alcoholic extract of Maytenus ouatus 

Loes. showed significant inhibitory activity 

in vitro against cells derived from human car-

cinoma of the nasopharynx (KB) and against 

five standard animal tumor systems(626).” 

CEFTOLOZANE 

2014 

Analogue of cefalexin 

NETUPITANT 

2014 

Analogue of aprepitant 

TASIMELTEON 

2014 

Analogue of ramelteon 

https://drugs.ncats.io/drug/WJ6CA3ZU8B
https://drugs.ncats.io/drug/SE2KH7T06F
https://drugs.ncats.io/drug/37A4IES95Q
https://drugs.ncats.io/drug/7732P08TIR
https://drugs.ncats.io/drug/SHS4PU80D9
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EFINACONAZOLE 

2014 

Analogue of miconazole(2) 

APREMILAST 

2014 

Analogue of thalidomide 

From the discovery paper: 

“We have previously reported on the devel-

opment of a novel series of PDE4 and TNF-

R inhibitors derived from 3-(1,3-dioxo-1,3-

dihydroisoindol-2-yl)-3-(3,4-dimethoxy-

phenyl)propionic acid derivatives. Herein, 

we report the discovery of 1S (apremilast), a 

novel orally active PDE4 and TNF-R inhibi-

tor. 1S is currently in clinical trials for the 

treatment of psoriasis. […] 

Three assays were used to assess the in vitro 

potency of our PDE4 inhibitors. PDE4 inhib-

itory activity was measured with PDE4 en-

zyme isolated from U937 cells as previously 

reported. TNF-α inhibitory activity was 

measured in lipopolysaccharide (LPS) stimu-

lated hPBMC or WB. The hPBMC and WB 

cells are human cells, and thus, these cellular 

assays may have greater clinical relevance 

than inhibition of purified PDE4. Further-

more, the difference between hPBMC and 

WB TNF-α inhibitory activity may serve as 

an indirect indicator of the degree of protein 

binding, and the WB data are a more realistic 

view of the clinical situation. 

In a previous report, we described a novel se-

ries of 3-(1,3-dioxo-1,3-dihydroisoindol-2-

yl)-3-(3,4-dimethoxyphenyl)propionic acid 

and derivatives with TNF-α inhibitory activ-

ity. Later, we reported that inhibition of 

PDE4 was the mechanism of action for TNF-

α inhibition by this class of compounds. In 

the effort to optimize the potency, isosteric 

replacement of the acid moiety was ex-

plored(627).” 

From a previous related article of the discov-

ery team which was cited in the previous quo-

tation as the discovery paper of the lead struc-

ture: 

“Structural Modifications of Thalidomide 

Produce Analogs with Enhanced Tumor 

Necrosis Factor Inhibitory Activity […] 

After a few years of use as a sedative, thalid-

omide was withdrawn from the market when 

its potent and tragic teratogenic properties 

became apparent. However, during this time, 

it was noted that thalidomide was remarkably 

effective for the treatment of erythema no-

dusum leprosum (ENL), an acute inflamma-

tory manifestation of lepromatous leprosy. 

[…] 

Because of the demonstrated effect of thalid-

omide on the production of TNFα, and the 

central role that TNFα plays in the immune 

response and the inflammatory cascade, we 

decided to focus on improving the TNFα-in-

hibiting properties of thalidomide by struc-

ture modification. We have designed and 

synthesized analogs of thalidomide opti-

mized for their ability to control TNFα syn-

thesis. Initial studies demonstrated the im-

portance of an intact phthaloyl ring. Hydrol-

ysis of the glutarimide ring affords either N-

https://drugs.ncats.io/drug/J82SB7FXWB
https://drugs.ncats.io/drug/UP7QBP99PN
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phthaloylglutamine or N-phthaloylisogluta-

mine. Analogs were therefore prepared based 

on the hydrolysis of the glutarimide ring of 

thalidomide. […] 

Inhibition of TNFα was measured in the su-

pernatant of human PBMCs stimulated with 

LPS(628).” 

VORAPAXAR 

2014 

“We have previously reported the discovery 

of PAR-1 antagonists based on a lead gener-

ated from the natural product himbacine. 

These compounds bind to PAR-1 in a com-

petitive manner with high affinity and are 

highly active in a series of functional assays 

that measure cellular responses to platelet ac-

tivation. More importantly, these compounds 

showed robust inhibition of platelet aggrega-

tion in an ex vivo cynomolgus monkey model 

following oral administration. 

As part of our continuing effort to optimize 

the potency and pharmacokinetic profile of 

this series, we have further explored the C-7 

region of the tricyclic motif, which has been 

known to undergo considerable in vivo me-

tabolism. Toward this end, various deriva-

tives of the C-7 amine were explored. […] In 

vitro binding studies were carried out on hu-

man platelet membrane-derived PAR-1 using 

radiolabeled high affinity thrombin receptor 

activating peptide ([3H]haTRAP) as ligand, 

according to the previous reports(629).” 

From the discovery paper of the lead com-

pound, cited in the previous quotation: 

“We report the discovery of high affinity, 

orally active, low molecular weight non-pep-

tide PAR-1 antagonists based on the natural 

product himbacine. One of the synthetic ana-

logues of himbacine was identified in high-

throughput screening as a lead for the PAR-1 

antagonist program. […] 

In vitro binding studies were carried out us-

ing purified human platelet membrane as 

PAR-1 source and tritiated high-affinity 

thrombin receptor activating peptide(630)” 

AVIBACTAM 

2014 

Analogue of sulbactam 

PERAMIVIR 

2014 

Analogue of zanamivir 

OLODATEROL 

2014 

Analogue of salbutamol 

PEGINTERFERON BETA-1A 

https://drugs.ncats.io/drug/ZCE93644N2
https://drugs.ncats.io/drug/7352665165
https://drugs.ncats.io/drug/9ZS94HQO3B
https://drugs.ncats.io/drug/VD2YSN1AFD
https://go.drugbank.com/drugs/DB09122
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2014 

Pegylated interferon beta-1A 

MILTEFOSINE 

2014 

From the discoverer(s): 

“Miltefosine (hexadecylphosphocholine) 

was also synthesized independently in 1982 

by Bill Pendergast and Joseph Chan at Bur-

roughs Wellcome, RTP, NC, USA, as part of 

an antiinflammatory programme. Miltefosine 

was one of a series of simple analogues of 

PAF that had recently been described. Com-

pounds were selected for screening against 

Leishmania and trypanosomes at the Well-

come Research Laboratories, Beckenham, 

UK in 1984. […] 

Meanwhile, Pendergast and Chan had syn-

thesized several APCs, with different alkyl 

chain lengths and distances between P and N 

of the phosphocholine moiety. Seven APCs, 

including hexadecylphosphocholine 

(miltefosine), and one alkyl phosphoethano-

lamine were reported active at <10 µg/ml 

against L. donovani amastigotes and pro-

mastigotes. Miltefosine had an activity of 5.0 

µg/ml in the mouse macrophage model, not 

the highest activity but the best tolerated by 

host cells. Four compounds were selected for 

in vivo study, of which the three APCs were 

active, but the phosphoethanolamine was in-

active. In a subsequent experiment, the ED50 

of miltefosine was determined as 12.8mg/kg 

body weight×5 administrations (subcutane-

ous route). This information was published in 

1987 with the closure of the antileishmanial 

and antitrypanosomal programme at the 

WRL, Beckenham. 

Subsequently, during a night shift at Univer-

sity Hospital Goettingen, C. Unger and A. 

Kuhlencord, knowing the results from Croft 

et al. (1987) and the oral bioavailability of 

miltefosine from the phase II studies in tu-

mour patients, planned oral testing of 

miltefosine against Leishmania and other 

protozoa using existing in vivo models in the 

group of W. Bommer. They were able to con-

firm the excellent antileishmanial activity af-

ter oral treatment in BALB/c mice. Miltefo-

sine produced >95% suppression of both L. 

donovani and L. infantum amastigotes in the 

liver, spleen and bone marrow at 20mg/kg×5 

administrations (oral). The activity of 

miltefosine was markedly superior to that of 

the standard drug sodium stibogluconate and 

this study, demonstrating the advantage of 

oral administration, helped to establish 

miltefosine as a lead compound for the treat-

ment of VL. These data were the basis for one 

of us (J.E.) to decide to initiate a development 

programme within ASTA Medica (later Zen-

taris) for miltefosine in VL(631).” 

From a previous study of the discoverer(s), 

Croft and his team, cited in the previous quo-

tation: 

“Several alkyl phosphorylcholines and re-

lated derivatives were tested against Leish-

mania donovani amastigotes in mouse perito-

neal macrophages in vitro and ED50 values 

were determined in the range of 1–12 μM. 

The three alkyl phosphorylcholines tested 

against L. donovani in BALB/c mice were ac-

tive, an ED50 of 12.8 mg/kg/day × 5 was as-

certained for one compound, but an alkyl 

phosphorylethanolamine was inactive(632).” 

IDELALISIB 

2014 

From the discovery paper: 

“We identified 5-fluoro-3-phenyl-2-[(S)-1-

(9H-purin-6-ylamino)-propyl]-3H-

quinazolin-4-one (CAL-101), a potent and 

selective inhibitor of p110δ, in a kinome-

wide screen using purified enzymes and in 

cell-based PI3K isoform-specific as-

says(633).” 

NALOXEGOL OXALATE 

2014 

https://drugs.ncats.io/drug/53EY29W7EC
https://drugs.ncats.io/drug/YG57I8T5M0
https://drugs.ncats.io/drug/65I14TNM33
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Secondary 

SUVOREXANT 

2014 

From the discovery paper: 

“A recent publication from our group de-

scribed the discovery of 4, a novel diazepane-

based DORA identified by hit-to-lead efforts 

following high throughput screening of the 

Merck sample collection. Compound 4 

demonstrates low nanomolar affinity for the 

human OX1R and OX2R as measured by a ra-

dioligand-displacement binding assay (ex-

pressed as Ki), as well as excellent potency in 

a fluorometric imaging plate reader (FLIPR) 

assay that provides a functional readout of 

orexin receptor antagonism in CHO cells en-

gineered to overexpress the human receptors 

(expressed as IC50)(634).” 

From the discovery paper of the lead struc-

ture cited in the previous quotation: 

“We now describe a new class of dual orexin 

receptor antagonists based on a 1,4-diaze-

pane central scaffold, and trace its develop-

ment from an HTS lead to an optimized com-

pound that demonstrates antagonism of 

orexin signaling in vivo.  

Compound 1 was identified by HTS as a 

promising lead for optimization based on its 

potency and modular structure amenable to 

rapid analogue synthesis. To determine po-

tency, we employed a binding assay that 

measures displacement of a high-affinity ra-

diolabeled ligand bound to human orexin re-

ceptors (expressed as Ki values), and a FLIPR 

(fluorometric imaging plate reader) assay in 

which Ca2+ flux is measured as a functional 

determinant of orexin antagonism (expressed 

as IC50 values). In these assays, compound 1 

demonstrated good activity on OX2R (Ki =5 

nm; EC50 =98 nm), but less affinity for OX1R 

(Ki =150 nm; EC50 =630 nm). Our initial goal 

was to improve potency against both recep-

tors by altering the heterocyclic ‘western’ 

portion and the benzamide ‘eastern’ portion 

of the HTS lead, while retaining the central 

1,4-diazepane core(635).” 

CERITINIB 

2014 

Analogue(542) of crizotinib(571) 

DASABUVIR 

2014 

Analogue of sofosbuvir 

OSIMERTINIB 

2014 

Analogue of gefitinib(571) 

FOSNETUPITANT 

2014 

Prodrug of netupitant 

FLORBETABEN F-18 

https://drugs.ncats.io/drug/081L192FO9
https://drugs.ncats.io/drug/K418KG2GET
https://drugs.ncats.io/drug/DE54EQW8T1
https://drugs.ncats.io/drug/3C06JJ0Z2O
https://drugs.ncats.io/drug/T672P80L2S
https://drugs.ncats.io/drug/TLA7312TOI
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2014 

Radiopharmaceutical 

BELINOSTAT 

2014 

Analogue of trichostatin A 

From the discovery paper of belinostat: 

“We decided to base our design on the struc-

tures of hydroxamic acid containing inhibi-

tors of histone-deacetylase known at the ini-

tiation of this work, particularly TSA.(636)” 

Histone deacetylase inhibitory activity of tri-

chostatin A was discovered after it was dis-

covered due to its cellular activity: 

“(R)-Trichostatin A (TSA) was originally re-

ported as a fungistatic antibiotic by Tsuji et 

al. Recently, we demonstrated that the ex-

tremely low concentrations of TSA caused 

induction of Friend leukemia cell differentia-

tion as well as inhibition of the cell cycle of 

normal rat fibroblasts in both the Gl and G2 

phases. […] In the present paper, we show 

that nanomolar concentrations of (R)-TSA 

cause a marked accumulation of highly acet-

ylated histones in vivo and strongly inhibit 

the activity of the partially purified histone 

deacetylase in vitro. In addition, experiments 

using a TSA-resistant mutant suggest that in-

hibition of the enzyme is the primary reason 

for the inhibitory effect of TSA in vivo(637).” 

From the original discovery paper of tri-

chostatin A as a fungistatic antibiotic, cited in 

the previous quotation: 

“In the course of the screening of antifungal 

antibiotics, we found that a few strains of 

Streptomyces hygroscopicus produce an anti-

fungal antibiotic, though the yield was gener-

ally low and variable. In this paper, the isola-

tion and structural elucidation of this antibi-

otic are described. 

The antifungal principle was extracted with 

organic solvents from the fermentation broth 

and separated from other inactive products by 

chromatography on silica gel. The assay or-

ganism used was Aspergillus niger(638).” 

OMBITASVIR 

2014 

“The availability of subgenomic HCV repli-

cons afforded the opportunity to conduct a 

cell-based phenotypic screen to identify in-

hibitors of HCV replication. The following 

sections in this chapter provide some detail 

with regard to how a compound identified in 

the replicon inhibition screen ultimately gave 

rise to ombitasvir(639)” 

EMPAGLIFLOZIN 

2014 

Analogue of dapagliflozin 

METRELEPTIN 

2014 

Recombinant analogue of the human hor-

mone leptin(2) 

ELOSULFASE ALFA 

2014 

synthetic version of the enzyme N-acetylga-

lactosamine-6-sulfatase(2) 

https://drugs.ncats.io/drug/F4H96P17NZ
https://drugs.ncats.io/drug/2302768XJ8
https://drugs.ncats.io/drug/HDC1R2M35U
https://go.drugbank.com/drugs/DB09046
https://go.drugbank.com/drugs/DB09046
https://go.drugbank.com/drugs/DB09051
https://go.drugbank.com/drugs/DB09051
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PIRFENIDONE 

2014 

“Pirfenidone is a pyridine [5-methyl-1-phe-

nyl-2-(1H)-pyridone] originally synthesized 

by Gadekar as an agent that had analgesic, 

antipyretic and anti-inflammatory actions. 

[…] 

The precise cellular mechanism whereby 

pirfenidone modulates fibrogenesis is still not 

understood in detail, but its effects are prob-

ably multitargeted because both antioxidant, 

antitransforming growth factor (anti-TGF) 

and antiplatelet derived growth factor effects 

have been demonstrated(640).” 

From the disclosing patent cited in the previ-

ous quotation: 

“I have discovered that 5-methyl-1-phenyl-2-

(1H)-pyridone (AMR-69) has excellent anal-

gesic activity, marked anti-inflammatory ac-

tivity and shows excellent anti-pyretic activ-

ity in test animals when compared with the 

standard analgesic drug (aminopyrine). Fur-

ther as compared to this standard, the com-

pound of the present invention, when formu-

lated into dosage form for oral or intraperito-

neal administration, showed markedly lower 

toxicity in test animals. Moreover, AMR-69 

has been observed to show markedly lower 

toxicity, as well as enhanced therapeutic ac-

tivity when compared with closely related 

homologues such as 1-phenyl-2-(1H)-pyri-

done, 5-ethyl-1-phenyl-2-(1H)-pyridone or 

3-methyl-1-phenyl-2-(1H)-pyridone. […] 

Furthermore, AMR-69 has been observed to 

be therapeutically effective in protecting mu-

cous membranes of the respiratory system, in 

particular those of the nasopharynx and 

lungs, against noxious agents. Protection 

against noxious focal respiratory tract pathol-

ogy (petechiae, edema, hemorrhage, focal in-

fection, etc.) has been demonstrated in gross 

examination of rat lung tissues and micro-

scopic examination of dog lung tissues fol-

lowing treatment with AMR-69. Special 

protective effects of the mucous linings of the 

respiratory system have been confirmed in 

tests on humans, especially those showing 

symptoms of sinusitis, post-nasal drip, 

chronic rhinitis infection, allergic rhinitis, 

conjunctivitis, headache, earache or sore 

throat. The therapeutic effectiveness of 

AMR-69 treatment on skin conditions such 

as dermatitis, insect sting and poison ivy have 

also been demonstrated(641).” 

TEDIZOLID 

2014 

Analogue of linezolid(2) 

ALBIGLUTIDE 

2014 

Analogue of liraglutide and GLP-1 

RAMUCIRUMAB 

2014 

Monoclonal Antibody 

SILTUXIMAB 

2014 

Monoclonal Antibody 

https://drugs.ncats.io/drug/D7NLD2JX7U
https://drugs.ncats.io/drug/97HLQ82NGL
https://go.drugbank.com/drugs/DB09043
https://go.drugbank.com/drugs/DB09043
https://go.drugbank.com/drugs/DB05578
https://go.drugbank.com/drugs/DB05578
https://go.drugbank.com/drugs/DB09036
https://go.drugbank.com/drugs/DB09036
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LEDIPASVIR 

2014 

From the discovery paper: 

“Early NS5A inhibitors were found empiri-

cally through screening of the GT1b replicon. 

Several series of lipophilic proline, proline-

mimetic, or alanine-amide inhibitors of the 

GT1b replicon have been discovered, but 

these inhibitors typically have ∼1000-fold 

weaker activity against the GT1a replicon. 

[…] 

Throughout this work, our optimization of 

potency focused on GT1a activity; accord-

ingly, the discussion here is restricted to re-

plicon GT1a EC50 values, although the GT1b 

values are provided for comparison(642).” 

From the discoverer(s): 

“We focused on discovering an NS5A inhib-

itor that could be utilized in a single-tablet 

regimen in combination with other HCV 

agents. Further, we sought high antiviral po-

tency and a long PK half-life to reduce the 

potential for emergence of viral breakthrough 

or resistance during treatment. A large num-

ber of diverse cores were designed and syn-

thesized in the discovery of LDV. In early 

studies we investigated symmetric core in-

hibitors. Potency proved challenging to attain 

against the genotype 1a subtype (GT1a) re-

plicon but was more readily attained against 

the genotype 1b subtype (GT1b). Thus po-

tency discussions herein most typically refer 

to GT1a potency, with GT1b potency pro-

vided in tables for reference. Throughout this 

manuscript, potency values represent effec-

tive concentration to reduce replication by 

50% (EC50) in cell lines with engineered re-

plicons(643).” 

DALBAVANCIN 

2014 

Analogue of vancomycin(2) 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

ORITAVANCIN 

2014 

Analogue of vancomycin 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

LENVATINIB 

2014 

Analogue of sorafenib 

From the discoverer(s): 

“We had initially set four preclinical goals: 

(i) potent inhibition of angiogenesis, (ii) anti-

tumor activity in a wide range of administra-

tion doses with a good safety profile, (iii) an 

acceptable profile for oral administration, 

and (iv) survival benefit. We established 

three key assay systems. First, we focused on 

targeting tube formation by endothelial cells 

because it is important for angiogenesis and 

is a specific phenotype of endothelial cells. 

Our angiogenic‐factor‐induced sandwich 

tube formation (sTF) assay is a phenotypic 

screen system that mimics tube formation 

driven by individual angiogenic factors. We 

used VEGF, FGF, or HGF, which were well 

known as tumor angiogenic factors at that 

time, and established an sTF assay with hu-

man umbilical vein endothelial cells (HU-

VECs) in 3D collagen gel culture. Lenvatinib 

was optimized based on quinoline skeleton 

containing urea moiety selected among Eisai 

compound libraries by using sTF as-

say(644).” 

https://drugs.ncats.io/drug/013TE6E4WV
https://drugs.ncats.io/drug/808UI9MS5K
https://drugs.ncats.io/drug/PUG62FRZ2E
https://drugs.ncats.io/drug/EE083865G2
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TAVABOROLE 

2014 

From the discovery paper: 

“Focused screening of our library revealed 

these dihydrobenzoxaboroles had good anti-

fungal activity against C. albicans. Further 

screening against yeast, filamentous fungi, 

and dermatophytes showed these compounds 

had broad spectrum activity against all these 

fungal pathogens including the major derma-

tophytes that cause onychomycosis, T. 

rubrum and T. mentagrophytes. […] 

To determine the antifungal activity of these 

compounds, we screened for their minimum 

inhibitory concentrations (MIC) against the 

major dermatophytes that cause onychomy-

cosis, T. rubrum and T. mentagrophytes, and 

against the yeasts and molds C. albicans, C. 

neoformans, and A. fumigatus to test for their 

broad spectrum activity(645).” 

OLAPARIB 

2014 

From the discovery paper: 

“Previously, we and others have described 

the identification, synthesis, and optimization 

of a number of potent inhibitors of PARP-1 

that bear a common phthalazinone core. The 

focus of these efforts was to optimize hits, 

which originated from a medium throughput 

screen, that identified benzyl phthalazinone 

13 as a moderately potent (IC50 = 0.77 µM) 

PARP-1 antagonist. A liability of the early 

compounds in the series was a lack of cellular 

activity, which was measured by their ability 

to sensitize HeLa B cells to the killing effect 

of the alkylating agent methyl methanesul-

fonate (MMS). This issue was resolved by 

the optimization of the pendant benzyl linker 

to provide potent inhibitors of PARP-1 at 

both the enzyme and the cellular level. In ad-

dition, the intrinsic pharmacokinetics of the 

series were improved to yield good in vitro 

and in vivo half lives, which culminated in 

the disclosure of 4-[[3-(1,4-diazepane-1-car-

bonyl)-4-fluorophenyl]methyl]-2H-phthala-

zin-1-one 14. […] 

In a logical extension to the homopiperazine 

series, a number of corresponding piperazine 

analogs were explored. Interestingly, in the 

direct comparison with homopiperazine 14, 

compound 24 is equipotent for PARP-1 but is 

marginally less active in the cellular sensiti-

zation assay (PF50 = 12.6 vs 8.6, respec-

tively), which may be indicative of a reduc-

tion in cell permeability. […] 

Beyond this observation, convincing struc-

ture-PF50 relationships have been elusive 

within the phthalazinone series. Modest 

changes to structure can have unanticipated 

effects on PF50 values, and, despite the analy-

sis of a large data set, correlations of PF50 

with permeability parameters such as lipo-

philicity and solubility have been disappoint-

ing. A set of piperazine derivatives that did 

show transferable PF50 profiles is illustrated 

in Table 3. Here simple alkyl homologation 

provides compounds with a significant in-

crease in cellular activity from C-1 to C-2 

elongation (compounds 39-41). The SAR for 

the series shows an optimum cellular activity 

that decreases as lipophilicity in-

creases(646)” 

“Many of the medicines that were invented 

starting with a target specific assay required 

an additional empirical phenotypic assay to 

prioritize the actives and identify candidates 

with functional efficacy. The discovery of 

gleevec, a c-abl kinase inhibitor that works 

through stabilizing the kinase inactive state, 

PARP inhibitors such as olaparib(511)” 

DULAGLUTIDE 

2014 

“a novel glucagon-like peptide-1 agonist 

(GLP-1) biologic drug consisting of a dipep-

tidyl peptidase-IV-protected GLP-1 analogue 

covalently linked to a human IgG4-Fc heavy 

chain by a small peptide linker(2).” 

https://drugs.ncats.io/drug/K124A4EUQ3
https://drugs.ncats.io/drug/WOH1JD9AR8
https://go.drugbank.com/drugs/DB09045
https://go.drugbank.com/drugs/DB09045
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ELIGLUSTAT 

2014 

From the discoverer(s): 

“The treatment of glycosphingolipid storage 

diseases by synthesis inhibition was first pro-

posed 40 years ago as an alternative approach 

to enzyme replacement therapy. We have 

pursued this strategy through the rational de-

sign of potent and selective inhibitors of glu-

cosylceramide synthase, the first step in gly-

cosphingolipid synthesis. Eliglustat tartrate 

was the result of these efforts(647)” 

PARITAPREVIR 

2014 

From the discoverer(s): 

“Two cellular assays provided the main bio-

logical data collected and examined for com-

pound characterization. The first assay em-

ployed cell lines generated to express geno-

types 1a (from HCV strain H77) and 1b (from 

HCV strain Con1) as stably replicating repli-

cons similar in nature to those described pre-

viously (referred to herein as the ‘stable re-

plicon assay’). As compound development 

progressed, the impact on antiviral activity of 

protein binding by human serum was meas-

ured by comparing the activity of the com-

pounds measured in the stable replicon assay 

in the presence of 5% fetal bovine serum 

(FBS) vs. the activity noted in the presence of 

5% FBS plus 40% human plasma to measure 

the impact of plasma protein binding on po-

tency. The second assay (transient replicon 

assay) used cells transfected with replicons 

similar to those used to generate the stable 

cell lines. The extent of replication of the re-

plicons over 3 days was measured(648).” 

PEMBROLIZUMAB 

2014 

Monoclonal Antibody 

BLINATUMOMAB 

2014 

Monoclonal Antibody 

VEDOLIZUMAB 

2014 

Monoclonal Antibody 

CANGRELOR 

2015 

Analogue of ticlopidine 

PANOBINOSTAT 

2015 

Analogue of belinostat 

SEBELIPASE ALFA 

2015 

“Sebelipase alfa is a recombinant form of the 

enzyme lysosomal acid lipase (LAL) ap-

proved for the treatment of lysosomal acid li-

pase deficiency (LAL-D). The amino acid se-

quence for sebelipase alfa is the same as the 

amino acid sequence for human LAL(2).” 

TIPIRACIL 

2015 

https://drugs.ncats.io/drug/DR40J4WA67
https://drugs.ncats.io/drug/OU2YM37K86
https://go.drugbank.com/drugs/DB09037
https://go.drugbank.com/drugs/DB09037
https://go.drugbank.com/drugs/DB09052
https://go.drugbank.com/drugs/DB09052
https://go.drugbank.com/drugs/DB09033
https://go.drugbank.com/drugs/DB09033
https://drugs.ncats.io/drug/6AQ1Y404U7
https://drugs.ncats.io/drug/9647FM7Y3Z
https://go.drugbank.com/drugs/DB11563
https://go.drugbank.com/drugs/DB11563
https://drugs.ncats.io/drug/NGO10K751P
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Secondary 

LUMACAFTOR 

2015 

Empirical screening 

“Lumacaftor was discovered with cellular 

high-throughput screens(511).” 

From the discovery paper: 

“Discovery of VX-809. To discover CFTR 

correctors, we screened 164,000 small mole-

cules for compounds that increased F508del-

CFTR–mediated chloride transport in a re-

combinant cell-based assay. Active com-

pounds were prioritized based on evidence of 

improved F508del-CFTR processing in the 

ER and increased functional F508del-CFTR 

at the cell surface. Immunoblot techniques 

were used to measure F508del-CFTR exit 

from the ER and passage through the Golgi, 

which is characterized by an increase in the 

molecular weight of CFTR as a result of gly-

cosylation(649).” 

PALBOCICLIB 

2015 

From the discovery paper: 

“Our goal is to identify potent (nanomolar) 

inhibitors of Cdk4/D that possess sufficient 

selectivity against other kinases to test the hy-

pothesis that pharmacological inhibition of 

Cdk4/D will provide a mild and effective 

treatment for the inhibition of tumor growth. 

Here, we describe structural modifications to 

a series of pyrido[2,3-d]pyrimidin-7-ones 

that have led to the discovery of some of the 

most potent and selective Cdk4/D inhibitors 

yet reported. […] 

The first pyrido[2,3-d]pyrimidin-7-one pre-

pared containing a 2-aminopyridine substitu-

ent at C2 was compound 15a. A comparison 

of 15a with its aniline counterpart 15b iden-

tified a remarkable difference in selectivity 

profile between the two analogues, with the 

pyridyl analogue (15a) substantially favoring 

inhibition of Cdk4/D over inhibition of 

Cdk2/A. Contemporaneously, the nonspe-

cific Cdk inhibitor, compound 16, was iden-

tified as a potent inhibitor of Cdk4/D, Cdk2A  

and the fibroblast growth factor receptor. 

Bromide 16 was shown to inhibit the growth 

of human tumor xenografts in mice, demon-

strating an ability to reach its molecular tar-

get(s) in vivo. Consequently, this compound 

was selected as a starting point for addressing 

whether replacing aniline side chains with 

aminopyridine-containing side chains would 

provide a general method for achieving selec-

tive inhibition of Cdk4/D, with compounds 

possessing the potential to inhibit this target 

in vivo. 

To our great satisfaction, the next compound 

pre-pared, compound 17, was found to ex-

hibit excellent selectivity for Cdk4/D versus 

other Cdks and the receptor tyrosine kinases 

FGFr and PDGFr (platelet-derived growth 

factor receptor). Moreover, compound 17 im-

posed a G1 block on asynchronously growing 

Rb-positive MDA-MB453 cells that was 

maintained at concentrations of inhibitor up 

to 10 µM. This remarkable observation led to 

a more thorough exploration of pyrido[2,3-

d]pyrimidin-7-ones containing 2-aminopyri- 

dine side chains at the C2 position and the re-

sulting SAR trends are detailed below. […] 

Attention was turned next to the C6 substitu-

ent. Although the bromine atom in compound 

17 conferred good potency for Cdk4/D inhi-

bition, the size and lipophilicity of this atom 

suggested that a more optimal substituent 

might exist for this position(650).” 

SECUKINUMAB 

https://drugs.ncats.io/drug/EGP8L81APK
https://drugs.ncats.io/drug/G9ZF61LE7G
https://go.drugbank.com/drugs/DB09029
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2015 

Monoclonal Antibody 

SACUBITRILAT 

2015 

From the discovery paper: 

“In Vitro Assays. Leu enkephalin, glutaryl-

Ala-Ala-Phe-β-naphthylamide, and ANF are 

used as substrates (Kcat/Km = 56, 37, and 18, 

respectively) to identify inhibitors of NEP. 

We have compared the potencies of three dif-

ferent classes of NEP inhibitors, thiols, 

amino phosphonic acid, and carboxylic acid, 

in these three assays. The IC50 values deter-

mined in these assays for thiorphan (a thiol), 

an amino phosphonate, and 21a (a dicarbox-

ylic acid) were similar, although the Leu-

ENK assay gave somewhat lower values, and 

predictive of functional potency in vivo. 

However, the correlation of inhibitory activ-

ity between assays was not always constant. 

[…] 

ANF Potentiation Assay. Plasma ANF con-

centrations were determined in animals in-

fused with exogenous ANF before and after 

administration of NEP inhibitors. Figure 3 

shows the effects of 19a and (±)-candoxat-

ril16 administered at 10 mg/kg PO on plasma 

ANF levels in conscious rats. Plasma ANF 

levels are expressed as a percent of those 

measured in vehicle-treated animals which 

received the infusion of exogenous ANF. 

ANF levels were increased significantly at all 

time points (30-240 min) after the admin-

istration of 19a. 

ANF-Induced Diuresis and Natriuresis. In 

anesthetized rats intraduodenally adminis-

tered significantly increased ANF-induced 

natriuresis without affecting diuresis. Prior to 

the administration of ANF, there were no sig-

nificant differences in mean arterial pressure, 

urine flow, or urinary sodium excretion when 

rats treated with 19a were compared to con-

trols. In vehicle-treated rats, ANF increased 

urinary sodium excretion from 0.72 ± 0.25 to 

3.26 ± 0.63 µequiv/kg/min. This effect was 

potentiated in animals which received 19a. 

The effects of 21a on ANF-induced diuresis 

and natriuresis in mongrel dogs is shown in 

Figure 5. […] 

In summary, in vitro data are presented for 

three series of NEP inhibitors. The pharma-

cokinetic profile of 19a/21a was determined 

in three species. The prodrug 19a was also 

shown to increase exogenous levels of ANF 

and enhance ANF’s natriuretic and diuretic 

activity. Although these experiments do not 

prove 21a will enhance endogenous ANF 

levels and natriuretic and diuretic activity, it 

does demonstrate the potential to elicit these 

activities(651).” 

ISAVUCONAZOLE 

2015 

Analogue of miconazole(2) 

IXAZOMIB 

2015 

Analogue of bortezomib(2) 

https://drugs.ncats.io/drug/SPI5PBF81S
https://drugs.ncats.io/drug/60UTO373KE
https://drugs.ncats.io/drug/71050168A2
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IVABRADINE 

2015 

From the discoverer(s): 

“2. The selection of ivabradine 

The screening of a series of original benzocy-

cloalkane derivatives consisted in testing the 

ability of the compounds to directly reduce 

the spontaneous beating rate of isolated right 

atria from rat, in analyzing their mechanism 

of action and electrophysiological selectivity 

in sinus node preparation from rabbit and in 

ventricular preparations (guinea pig papillary 

muscles) and their effect on heart rate and du-

ration of action in the conscious rat. 

Among the different compounds studied, the 

benzocyclobutane or indane derivatives were 

the most interesting, able to reduce, at mi-

cromolar concentrations, the spontaneous 

beating rate of isolated rat right atria, to de-

crease the diastolic depolarization slope of 

the action potential of rabbit sinus node prep-

arations and to reduce selectively the heart 

rate in conscious rat. The indane derivatives, 

such as S 16070, which induced marked pro-

longation of ventricular action potential dura-

tion, as was previously observed with UL-FS 

49, were excluded to avoid a potential 

proarrhythmic effect. The benzocyclobutane 

derivative S 15544 (a racemate compound) 

was initially preferred as it induced a smaller 

effect on ventricular action potential dura-

tion. The resolution of S 15544 into its two 

isomers S 16257 (S configuration) and S 

16260 (R configuration) has permitted the 

necessary comparison of their activity. Both 

isomers were equipotent in reducing the 

spontaneous firing of rabbit sinus node prep-

arations, but S 16260 induced significant pro-

longations of action potential duration of 

ventricular preparation (guinea pig papillary 

muscle and rabbit purkinje fibers), contrary 

to S 16257. These in vitro data have been 

confirmed by in vivo studies in anesthetized 

pigs showing the equipotence of the two 

isomers in reducing the heart rate, the ab-

sence of effect of S 16257 on the QT interval 

corrected for heart rate (QTc) in contrast with 

S 16260 which induced a dose-dependent in-

crease in the QTc, indicating a direct effect 

on ventricular repolarization. The electro-

physiological selectivity of S 16257 was a 

major inducement to continue preclinical ex-

ploration with this particular isomer which 

was finally chosen for the clinical develop-

ment and became ivabradine(652).” 

ELUXADOLINE 

2015 

Analogue of loperamide 

COBIMETINIB 

2015 

Analogue of trametinib 

DARATUMUMAB 

2015 

Monoclonal Antibody 

NECITUMUMAB 

2015 

Monoclonal Antibody 

https://drugs.ncats.io/drug/3H48L0LPZQ
https://drugs.ncats.io/drug/45TPJ4MBQ1
https://drugs.ncats.io/drug/ER29L26N1X
https://go.drugbank.com/drugs/DB09331
https://go.drugbank.com/drugs/DB09331
https://go.drugbank.com/drugs/DB09559
https://go.drugbank.com/drugs/DB09559
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TRABECTEDIN 

2015 

From the discovery paper: 

“Reports of the potent in vivo efficacy of ex-

tracts of the Caribbean tunicate Ecteinascidia 

turbinata date back to 1969, when it was re-

ported that such extracts gave T/C to 272 vs 

P388 murine leukemia, with four of six cures 

in one experiment. The extracts were also 

powerful immunomodulators, but repeated 

attempts to isolate thecompounds responsible 

for either activity were unsuccessful. Our 

own concerted efforts to identify the com-

pounds began in 1981, shortly after the Alpha 

Helix Caribbean Expedition 1978, where a 

sample of E. turbinata showed cytotoxicity in 

shipboard assays. These efforts culminated in 

the isolation by 1986 of six compounds-ec-

teinascidins 729, 743, 745, 759A, 759B, 770-

from E. turbinata(653)” 

From another paper of the discoverer(s): 

“The most comprehensive survey of pharma-

cological activity was conducted by the U.S. 

National Cancer Institute over a period of 15 

years, which found that ca. 4% of the marine 

species (mainly animals) examined contained 

antitumor compound(s), a figure close to that 

for terrestrial species (mainly plants). The bi-

oassay employed in that screen was an in vivo 

test vs. P388 murine leukemia, a somewhat 

more demanding assay than cytotoxicity vs. 

tumor cells in vitro. Criteria for proceeding 

further with antitumor testing (through pre-

clinical, Phase I, and Phase II stages) before 

entering the marketplace are progressively 

more stringent […] 

The third antitumor compound from our la-

boratory currently in clinical trial is Ecteinas-

cidin 743. The antitumor activity of extracts 

of the tunicate Ecteinascidia turbinatawere 

first noted in the NCI survey referred to ear-

lier(654)” 

PARATHYROID HORMONE 

2015 

Endogenous-based biopharmaceutical 

CARIPRAZINE 

2015 

Analogue of haloperidol 

BREXPIPRAZOLE 

2015 

Analogue of Aripiprazole 

https://drugs.ncats.io/drug/ID0YZQ2TCP
https://drugs.ncats.io/drug/N19A0T0E5J
https://drugs.ncats.io/drug/F6RJL8B278
https://drugs.ncats.io/drug/2J3YBM1K8C
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CRISABOROLE 

2015 

“We previously reported several classes of 

boron-containing compounds as potential 

therapeutic agents, including AN0128 as an 

antibacterial/anti-inflammatory agent and 

AN2690 as an antifungal agent. As our bo-

ron-containing compound library grew and 

was screened in various assay systems, a se-

ries of 5-phenoxybenzoxaborole derivatives 

was found to exhibit inhibitory activity 

against the release of cytokines, such as TNF-

α and IFN-γ, from peripheral blood mononu-

clear cells (PBMCs) stimulated by lipopoly-

saccaride (LPS) or phytohemagglutinin 

(PHA). We also discovered that this class of 

compounds inhibited the PDE4 enzyme as 

part of its mechanism of action. Herein we 

describe the discovery of a novel series of 

benzoxaborole derivatives including 

AN2728 as an optimized developmental can-

didate and we report the structure–activity re-

lationships (SAR) in terms of PDE4 enzyme 

inhibition and cytokine release inhibi-

tion(655).” 

From the paper cited in the previous quota-

tion as the previous report of related com-

pounds: 

“We previously reported a new class of anti-

bacterial agents, borinic acid quinoline esters. 

In this report, we describe a related class, bo-

rinic acid picolinate esters and the identifica-

tion of a new antibacterial agent, 3-hydroxy-

pyridine-2-carbonyloxy-bis(3-chloro-4-

methylphenyl)borane, which has additional 

activity against pro-inflammatory cytokines. 

This combination of activities is ideal for the 

treatment of AD and also acne, where the in-

flammatory response is mediated by the an-

aerobic bacterium, Propionobacterium ac-

nes. […] 

In order to test for concomitant anti-inflam-

matory activity, compounds 2g, 2s, 2q, and 

2x were evaluated for their ability to inhibit 

release of inflammatory cytokines from hu-

man peripheral blood mononuclear cells 

(PBMCs). Either lipopolysaccharide, Conca-

navalin A or phyto-hemagglutinin was used 

to induce the release of cytokines from the 

PBMCs(656).” 

PERINDOPRIL ARGININE 

2015 

Analogue of captopril 

EDOXABAN 

2015 

Analogue of rivaroxaban 

ROLAPITANT 

2015 

Analogue of aprepitant 

IDARUCIZUMAB 

https://drugs.ncats.io/drug/Q2R47HGR7P
https://drugs.ncats.io/drug/TFT5IM1KGB
https://drugs.ncats.io/drug/NDU3J18APO
https://drugs.ncats.io/drug/NLE429IZUC
https://go.drugbank.com/drugs/DB09264


327 

 

2015 

Monoclonal Antibody 

FLIBANSERIN 

2015 

Analogue of trazodone 

“It was originally in development for treat-

ment of depression but did not show efficacy 

greater than placebo in phase 2 trials. During 

those trials, it was noted that there was no as-

sociated sexual dysfunction and subsequently 

was found to show a positive effect on sexual 

desire using a validated measurement of sex-

ual functioning, leading to the change in the 

targeted condition(657).” 

ALECTINIB 

2015 

From the discovery paper: 

“Since we consider that a high selectivity is 

ideal for targeted cancer therapies in terms of 

safety, our discovery research has focused on 

finding an inhibitor with high ALK selectiv-

ity. 

In the previous study, we identified a potent 

and selective ALK inhibitor 15c, which has 

6,6-dimethyl-11-oxo-6,11-dihydro-5H-

benzo[b]carbazole scaffold, by chemical 

modification of HTS hit compound 1. Con-

version of 3-ethoxy group into cyano group 

and oxygen atom at 5-position into nitrogen 

atom resulted in drastically improved inhibi-

tory activity against ALK enzyme. N-(Ox-

etan-3-yl)piperazine at 8-position contrib-

uted to the improved metabolic stability and 

its cationic nitrogen is crucial for potent anti-

proliferative activity against NPM-ALK-pos-

itive cell- line, KARPAS-299. Additionally, 

the substituent at 9-position of 15c, which 

recognizes a particularly wide-open surface 

in the E0 region of ALK protein, improved ki-

nase selectivity. So far we have investigated 

the derivatives bearing side-chains with cati-

onic nitrogen only at 8-position and their 

structural diversity was limited. Therefore, 

further exploration of side-chains is needed 

for the clinical candidate selection. 

We report here the results of derivatization 

focused on side-chains at 8- and 9-positions. 

As a result, we identified the clinical candi-

date CH5424802 (18a), which has more po-

tent anti-proliferative activity and a more 

suitable pharmacokinetic profile than those 

of 15c. Pharmacokinetics data of 18a is also 

described in this paper(658).” 

ALIROCUMAB 

2015 

Monoclonal Antibody 

SELEXIPAG 

2015 

“The discovery strategy for a long-acting IP 

receptor agonist was based on the observa-

tion that the prototypical prostanoid structure 

is not necessary for activation of the IP recep-

tor. Octimibate and 1 (BMY-42393), both 

partial agonists at the IP receptor, bear no 

structural resemblance to PGI2 and its ana-

logs, apart from a carboxylic acid moiety. 

Compound 1, which has a long duration of 

action in animal models of thrombosis, was 

chemically modified by replacing the oxazole 

ring with a pyrazine ring to obtain the lead 

compound, the 2-amino-5,6-diphenylpyra-

zine derivative 4c. The potency of com-

pounds at the human IP receptor was meas-

ured by their inhibition of adenosine diphos-

phate (ADP)-induced platelet aggregation. 

Compound 4c inhibited platelet aggregation 

with a half maximal inhibitory concentration 

https://drugs.ncats.io/drug/37JK4STR6Z
https://drugs.ncats.io/drug/LIJ4CT1Z3Y
https://go.drugbank.com/drugs/DB09302
https://go.drugbank.com/drugs/DB09302
https://drugs.ncats.io/drug/5EXC0E384L
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(IC50) value of 1.5 µM(659).” 

CHOLIC ACID 

2015 

Endogenous(217) 

“Cholic acid is a primary bile acid synthe-

sized from cholesterol in the liver. Endoge-

nous bile acids including cholic acid enhance 

bile flow and provide the physiologic feed-

back inhibition of bile acid synthesis(1).” 

From an early report of the use of bile acids 

in Zellweger syndrome: 

“In light of the recent success of oral bile acid 

therapy in treating the liver disease associ-

ated with specific inborn errors in bile acid 

synthesis, we investigated the potential of 

this approach for the treatment of the liver 

disease associated with the Zellweger syn-

drome. We describe here the clinical and bi-

ochemical responses observed in a patient 

with Zellweger syndrome who was treated 

with primary bile acids(660).” 

From the earlier articles on using bile acids in 

inborn disorders of bile acid synthesis: 

“The unsaturated bile acids were present at 

high concentration in the urine in sulphated 

form. They did not seem to be able to pro-

mote bile acid dependent bile flow and the 

absorption of fat and fat soluble vitamins 

from the intestine. The infant had conjugated 

hyperbilirubinaemia from birth, steatorrhoea, 

and low plasma concentrations of vitamins A, 

D, and E. There was also evidence that either 

the production of abnormal bile acids or the 

failure to produce cholic and chenodeoxy-

cholic acids was causing progressive liver 

damage. The patient had raised transaminase 

activities and liver biopsy specimens taken 

from his affected siblings showed a giant cell 

hepatitis that progressed to a micronodular 

cirrhosis. 

We argued that if this patient were given che-

nodeoxycholic acid or cholic acid, or both, 

these bile acids would be retained within the 

enterohepatic circulation and could promote 

bile acid dependent bile flow and facilitate 

micellar solubilisation of fats and fat soluble 

vitamins. As cholesterol 7α-hydroxylase Is 

inhibited by cholic and chenodeoxycholic ac-

ids, we could also hope for a reduction in the 

synthesis of abnormal metabolites of 7α-hy-

droxycholesterol. This Report describes the 

progress of this patient who was not treated 

until the age of 4.3 years, at which time he 

was started on treatment with chenodeoxy-

cholic acid(661).” 

Regarding the use of bile acid analogues in 

cholangitis: 

The first clues toward the anti-inflammatory 

activity of bile acids was observation of the 

alleviation of rheumatoid arthritis in patients 

with jaundice(662). 

Also see the cortisone entry. 

From an earlier paper of one of the discover-

ers, Philip Hench: 

“When patients with rheumatoid (atrophic, 

chronic infectious) arthritis or with primary 

fibrositis become definitely jaundiced a nota-

ble event usually occurs: their rheumatic 

symptoms are rapidly, markedly, and gener-

ally completely alleviated for some weeks or 

months. My first observations on this phe-

nomenon were reported in 1933 and later. 

This phenomenon was unmentioned in the 

modern literature on rheumatic diseases, but 

was casually noted by Still in 1897, by 

Wishart in 1903, and in three recent discus-

sions, not on arthritis but on cinchophen tox-

icity. More recently further observations on 

the phenomenon were reported by Sidel and 

Abrams (1934), and by Borman (1936)(91).” 

From the earliest article mentioning the rela-

tionship, published in 1896: 

“Curiously enough, some accidental compli-

cations have been followed by marked im-

provement; thus I have known measles, scar-

let fever, and catarrhal jaundice, to be each 

https://drugs.ncats.io/drug/G1JO7801AE


329 

 

followed by distinct improvement of the joint 

symptoms(92).” 

From an early paper regarding the use of bile 

acids as anti-inflammatory therapeutics: 

“[I]t is a clinically recognised fact that there 

occurs a rapid and striking remission of 

symptoms in cases of rheumatic and asth-

matic patients upon the appearance of jaun-

dice. 

It thus naturally occurred as well to me to re-

sort to fresh ox-bile percutaneously in the 

form of an ointment in the treatment of these 

and other inflammatory disorders. […] 

In a survey of a series of over 596 cases of 

these various affections treated with the bile 

ointment, an assessment of the results has 

been made in the following table. The cases 

treated are of both sexes, and various ages, 

nationalities and walk of life including physi-

cians and chemists. Therapeutic effectiveness 

was obtained in just over 95 per cent of the 

total number of cases, all belonged to infec-

tive inflammatory conditions, and was re-

markably more rapid than with any other 

method of therapy(663).” 

SONIDEGIB 

2015 

Analogue of vismodegib 

EVOLOCUMAB 

2015 

Monoclonal Antibody 

INSULIN DEGLUDEC 

2015 

Endogenous-based biopharmaceutical 

SUGAMMADEX 

2015 

Chelating agent 

ASFOTASE ALFA 

2015 

Bone-targeted recombinant human tissue-

nonspecific alkaline phosphatase 

ELOTUZUMAB 

2015 

Monoclonal Antibody 

BRIVARACETAM 

2016 

Analogue of levetiracetam(2) 

OBETICHOLIC ACID 

2016 

Analogue of the endogenous cholic acid 

IXEKIZUMAB 

2016 

Monoclonal Antibody 

https://drugs.ncats.io/drug/0RLU3VTK5M
https://go.drugbank.com/drugs/DB09303
https://drugs.ncats.io/drug/54Q18076QB
https://drugs.ncats.io/drug/361LPM2T56
https://go.drugbank.com/drugs/DB09105
https://go.drugbank.com/drugs/DB09105
https://go.drugbank.com/drugs/DB06317
https://go.drugbank.com/drugs/DB06317
https://drugs.ncats.io/drug/U863JGG2IA
https://drugs.ncats.io/drug/0462Z4S4OZ
https://go.drugbank.com/drugs/DB11569
https://go.drugbank.com/drugs/DB11569
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PRASTERONE 

2016 

Analogue of estradiol(1) 

From an early paper regarding the effects of 

prasterone (trans-dehydroandrosterone) on 

vaginal tissue: 

“Butenandt and others (see Koch) have re-

ported that some of the unsaturated andro-

gens, notably androstane-dione and dehy-

droandrosterone, will induce estrus in the 

normal infantile rat. […] 

The administration of testosterone, andros-

terone, dehydroandrosterone and androstane-

dione to groups of 2 to 4 spayed female rats 

for 30 days failed in every case to produce 

vaginal cornification (as determined by daily 

smears and histological section). In all cases 

castration changes were completely or almost 

completely prevented.  […] 

The above androgens, and in addition, an-

drostene-dione, cis-androstene-diol and 

trans-androstene-diol have been administered 

to groups of 2 to 5 adult normal female rats 

for 16 to 30 days. Daily vaginal smears were 

made, in each instance, for at least 2 weeks 

prior to the initiation of and throughout the 

period of treatment. Normal 4 to 5 day cycles 

were present in all animals prior to treatment. 

[…] 

The tendency shown by cis-androstene-dione 

to induce continued estrus was even more ap-

parent for dehydroandrosterone. The latter 

when injected at the 1.0 mg. daily level in 

normal rats resulted in estrous type smears 

for 16 of 18 days, 12 of 20 days, 19 of 22 

days, and 21 of 22 days, respectively. The 

ovaries were small, the mammary glands 

were not stimulated, and the uteri were large. 

The amazing effect of dehydroandrosterone 

in the adult normal female led us to adminis-

ter this treatment to 4 hypophysectomized fe-

males. To our surprise, particularly in view of 

its failure to change the vaginal picture in the 

spayed rat, the hypophysectomized female 

reacted in a manner even more striking than 

the normal female. Estrous type smears were 

shown for 21 of 25 days, 22 of 22 days, 22 of 

22 clays, and 12 of 14 days, respectively. The 

ovaries were only slightly decreased, the 

mammary glands were not stimulated, and 

the uteri were enlarged. 

All animals showed a marked enlargement of 

the preputial glands and in many instances a 

striking enlargement of the clitoris(664).” 

The article of Koch(665) which was cited in 

the previous quotation provides a good re-

view regarding the path which had led to the 

observations of the previous quotation. 

PIMAVANSERIN 

2016 

Analogue of haloperidol 

https://drugs.ncats.io/drug/459AG36T1B
https://drugs.ncats.io/drug/JZ963P0DIK
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ELBASVIR 

2016 

Analogue of ledipasvir 

From the discoverer(s): 

“For nearly 30 years, HCV discovery re-

search teams at Merck pursued multiple mo-

lecular targets in the search of a cure. The 

NS5A project took root at its IRBM site 

where the team discovered a series of pipera-

zine-based small molecules that inhibited 

HCV replication but did not show activity in 

any of the typical HCV enzyme assays. The 

partial mode of action was subsequently 

characterized and linked to their ability to al-

ter NS5A biogenesis which resulted in a re-

duction of p56–p58 conversion, and the re-

sistance mutations identified were mapped to 

NS5A,  

Lead Identification 

With the IRBM compounds as a starting 

point, initial efforts focused on the synthesis 

and SAR development of these N-arylpipera-

zines. The incorporation of a cyclic constraint 

within these structures afforded indole 2, 

which showed similar potency in the replicon 

assay (GT1b EC50 ~150 nM) and was an at-

tractive entry toward modulating this target. 

[…] 

Several heterocyclic scaffolds were synthe-

sized and incorporated into the final inhibitor 

structures. The cellular activity of each new 

compound was determined using the 

replicon-system-expressing genotypes 1b, 

2a, and 1a(666).” 

GRAZOPREVIR  

2016 

Analogue of paritaprevir 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

VELPATASVIR 

2016 

Analogue of elbasvir 

RUCAPARIB 

2016 

Analogue of olaparib 

DACLIZUMAB 

2016 

Monoclonal Antibody 

OLARATUMAB 

2016 

Monoclonal Antibody 

COPPER OXODOTREOTIDE CU-64 

https://drugs.ncats.io/drug/632L571YDK
https://drugs.ncats.io/drug/8YE81R1X1J
https://drugs.ncats.io/drug/KCU0C7RS7Z
https://drugs.ncats.io/drug/8237F3U7EH
https://go.drugbank.com/drugs/DB00111
https://go.drugbank.com/drugs/DB00111
https://go.drugbank.com/drugs/DB06043
https://go.drugbank.com/drugs/DB06043
https://drugs.ncats.io/drug/N3858377KC
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2016 

Diagnostic 

LIFITEGRAST 

2016 

From the discoverer(s): 

“Lifitegrast, previously referred to as SAR 

1118, is a member of the class of direct com-

petitive LFA-1 antagonists that mimic the 

binding epitope of LFA-1’s cognate ligand 

ICAM-1. As such, lifitegrast is ‘purpose 

built’ for the treatment of DED to bind LFA-

1 on leukocytes and block their binding to 

ICAM-1 in the adhesion, extravasation, mi-

gration, activation, cytokine secretion, and 

proliferation of these leukocytes in inflam-

matory diseases. […] 

Lifitegrast was discovered in a rational de-

sign process that began with alanine point 

mutagenesis of the ICAM-1 protein to iden-

tify the amino acid side chains that were crit-

ical for LFA-1 epitope binding. Six key bind-

ing residues from the first immunoglobulin 

domain of ICAM-1 were identified: glutamic 

acid 34 (E34), lysine 39 (K39), methionine 

64 (M64), tyrosine 66 (Y66), asparagine 68 

(N68), and glutamine 73 (Q73).50 Although 

these residues are not directly linked together 

in the primary amino acid sequence of 

ICAM-1, they are presented in a spatially 

contiguous manner within the folded tertiary 

structure of native ICAM-1 that falls within 

the dimensions suitable for a novel small 

molecule. Using the dimensional coordinates 

obtained through X-ray crystallography and 

other structural techniques, work was initi-

ated to create small molecule scaffolds that 

could mimic aspects of this epitope. […] 

Each individual module was modified – 

while holding the remaining modules con-

stant – resulting in the creation of a laborious 

combinatorial series of over 3,000 analogs. 

These analogs were further assessed based 

initially on the potency of LFA-1/ICAM-1 

inhibition using an enzyme-linked immuno-

sorbent assay followed by secondary testing 

using ex vivo cellular immune assays to as-

sess potency of human T-cell inhibition (eg, 

Jurkat cell and mixed lymphocyte reaction 

assays). This exhaustive process led to the 

identification of SAR 1118 – lifitegrast(667)” 

LIXISENATIDE 

2016 

Analogue of exenatide 

DEFIBROTIDE SODIUM 

2016 

“Defibrotide was introduced as part of re-

search programs begun in the 1950s for de-

veloping compounds derived from mamma-

lian organs, which could be used for the treat-

ment of coagulation and thrombotic disor-

ders, and had a lower risk for hemorrhage 

than other contemporary anticoagulant thera-

pies. Defibrotide was first identified in 1968 

as a phosphorous-containing fraction derived 

from bovine lung, which was called ‘fraction 

P’ and later found to be a fragment of 

DNA(668).” 

OBILTOXAXIMAB 

2016 

Monoclonal Antibody 

RESLIZUMAB 

2016 

Monoclonal Antibody 

BEZLOTOXUMAB 

2016 

Monoclonal antibody 

https://drugs.ncats.io/drug/038E5L962W
https://drugs.ncats.io/drug/74O62BB01U
https://go.drugbank.com/drugs/DB04932
https://go.drugbank.com/drugs/DB04932
https://go.drugbank.com/drugs/DB05336
https://go.drugbank.com/drugs/DB05336
https://go.drugbank.com/drugs/DB06602
https://go.drugbank.com/drugs/DB06602
https://go.drugbank.com/drugs/DB13140
https://go.drugbank.com/drugs/DB13140
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VENETOCLAX 

2016 

From the discoverer(s): 

“Initial efforts to generate a starting point for 

a BCL‐2‐selective small‐molecule program 

involved high‐throughput and fragment‐

based screening, along with detailed SAR 

and structural studies on the acylsulfonamide 

pharmacophore that is present in compounds 

such as ABT‐737 and navitoclax. The struc-

tures of ABT‐737 and related analogs in com-

plex with BCL‐XL, as well as the structure of 

navitoclax in complex with BCL‐2, revealed 

key interactions with two hydrophobic pock-

ets, which had been identified previously 

through alanine scanning as BH3‐peptide‐

binding ‘hot spots’ of BCL‐XL. […] This in-

teraction was previously deemed critical for 

binding to BCL‐XL,– the primary protein tar-

get for the initial small-molecule inhibitor 

program. […] 

In order to generate a starting point for a 

BCL‐2‐selective inhibitor program, com-

pounds that lacked various elements of the 

dual BCL‐XL/BCL‐2‐binding pharmaco-

phore were evaluated for binding to the two 

proteins(669).” 

NUSINERSEN 

2016 

Antisense oligonucleotide 

FLUCICLOVINE F-18 

2016 

Radiopharmaceutical 

ETEPLIRSEN 

2016 

Antisense oligonucleotide 

NALDEMEDINE TOSYLATE 

2017 

Secondary 

ACALABRUTINIB 

2017 

Analogue of ibrutinib  

NIRAPARIB 

2017 

Analogue of olaparib 

COPANLISIB 

2017 

Analogue of idelalisib 

OCRELIZUMAB 

2017 

Monoclonal Antibody 

DURVALUMAB 

2017 

Monoclonal Antibody 

https://drugs.ncats.io/drug/N54AIC43PW
https://go.drugbank.com/drugs/DB13161
https://drugs.ncats.io/drug/38R1Q0L1ZE
https://go.drugbank.com/drugs/DB06014
https://go.drugbank.com/drugs/DB06014
https://drugs.ncats.io/drug/V1N8F1RVVO
https://drugs.ncats.io/drug/I42748ELQW
https://drugs.ncats.io/drug/HMC2H89N35
https://drugs.ncats.io/drug/WI6V529FZ9
https://go.drugbank.com/drugs/DB11988
https://go.drugbank.com/drugs/DB11988
https://go.drugbank.com/drugs/DB11714
https://go.drugbank.com/drugs/DB11714
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ANGIOTENSIN II 

2017 

Endogenous(217) 

“Williams and Grossman found that a heat-

stable pressor substance having certain qual-

ities similar to epinephrine was formed in the 

kidney when this organ was perfused. They 

termed this substance perfusin. Kohlstaedt, 

Helmer, and Page and Friedman, Abramson, 

and Marx showed that renin itself is not a 

pressor substance, and Page and Helmet 

showed that renin incubated with plasma 

forms a heat-stable substance which they 

termed angiotonin. Braun Menendez et al. in-

dependently made similar observations and 

termed this substance hypertensin. […] It 

seems that hypertensin and angiotonin are the 

same substance and it is quite possible that 

perfusin is of identical character(670).” 

From the discovery paper of Williams and 

Grossman cited in the previous quotation: 

“Hypertension may be produced in animals 

by certain procedures which interfere with 

the renal blood flow or with the escape of 

urine. The rise in blood pressure so caused 

appears to be due to substances formed in the 

kidney, for it persist after renal denervation, 

after complete resection of the sympathetic 

nervous system and even after transplantation 

of the kidneys; but disappears when the af-

fected kidneys are removed. It has been 

shown that kidney tissue contains a pressor 

substance and that the amount of this sub-

stance seems to be increased in certain types 

of renal hypertension. However, attempts to 

demonstrate a pressor action from blood ob-

tained from the renal veins of animals with 

experimental renal hypertension have yielded 

negative results. Since the blood flow 

through the kidneys is very large in propor-

tion to their size it seems possible that the 

failure to find pressor effects from renal vein 

blood may be due to dilution of a small 

amount of pressor substance with a large 

amount of blood. Such a difficulty might be 

overcome by perfusing kidneys removed 

from the body, using a small volume of per-

fusion fluid relative to the size of the kidneys. 

The purpose of this communication is to re-

ports a study of the pressor properties of ma-

terial obtained in this way. 

Kidneys of hogs were obtained from the 

slaughter house, […] the outflow from the re-

nal vein being collected by means of a funnel. 

The pressor property of the perfusate was de-

termined on rats anesthetized with sodium 

pentobarbital. Blood pressure was meas-

ured(671)” 

From the paper of Friedman, Abramson, and 

Marx cited in the first quotation of this entry: 

“Ever since it was found that persistent hy-

pertension can uniformly be produced in the 

dog by partially obstructing the arterial blood 

flow to the kidneys, the mechanism Respon-

sible for the elevation in blood pressure has 

aroused much interest and speculation. […] 

We have attempted to investigate further the 

nature, mode and site of action of this sub-

stance. 

The pressor effect of the extracts was tested 

upon anesthetized dogs in which blood pres-

sure was recorded directly from the femoral 

or the carotid artery with a mercury manom-

eter. […] 

The extracts were also tested upon the iso-

lated dog’s tail and the isolated dog’s kidney, 

perfused with titrated blood or Tyrode solu-

tion(672).” 

From the paper of Kohlstaedt, Helmer, and 

Page cited in the first quotation of this entry: 

“The purpose of these experiments was to 

learn something of the nature of the pressor 

action of renin. Renin was prepared from 

pig’s kidneys in such concentration that an 

amount containing less than 2 mg of nitrogen 

produced a sharp, sustained rise of blood 

pressure in an unanesthetized dog. Its 

https://drugs.ncats.io/drug/M089EFU921
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vasoconstrictor action was studied on per-

fused dogs’ tails(673)” 

From the discovery paper of  Page and 

Helmer cited in the first quotation of this en-

try: 

“Renin is a protein-like substance extractable 

from normal kidneys which, when injected 

intravenously into animals, causes prolonged 

rise in arterial blood pressure (Tigerstedt and 

Bergmann, 1898). When purified by the 

method of Helmer and Page (1939), it was 

found to be highly active when injected into 

intact animals, but produced no vasocon-

striction when perfused with Ringer’s solu-

tion through a dog’s tail or rabbit’s ear. 

Kohlstaedt, Page, and Helmet (1939) found 

that the pressor activity could be restored by 

addition of a protein-like substance contained 

in plasma and red blood cells. They desig-

nated this substance renin-activator to con-

note only that renin was inactive as a pressor 

substance without it. […] In short it was 

found that a pressor substance was produced 

which was heat-stable and which yielded 

crystalline derivatives. For this substance we 

suggest the name “angiotonin”. 

Animal Assay Cats were employed as test an-

imals. […] 

Pressor Action.-Angiotonin produces a sharp 

rise in blood pressure similar to that of adren-

aline, but usually slightly more prolonged 

when injected intravenously in a single 

dose(674).” 

From one of the co-authors of the article of 

Braun Menendez et al cited in the first quota-

tion of this entry: 

“[W]e found that dog kidneys, either grafted 

in the neck of recipient dogs or perfused with 

defibrinated blood with a Schuster-Dale 

pump, released a pressor substance within 

minutes after 80-90% reduction of the blood 

flow.10 The pressor activity of the venous 

blood was tested by intravenous injection of 

20-40 ml of the venous blood of these 

kidneys into nephrectomized dogs. The blood 

pressure of the recipient dogs rose slowly, 

and the elevation persisted for more than 30 

minutes, resembling the effect found by 

grafting of ischemic kidneys. The pressor ac-

tivity persisted after bilateral vagotomy, atro-

pine, cocaine, or injection of the sympathio-

lytic drug Fourneau 933. Nephectromized 

dogs were more sensitive to the pressor sub-

stance. At this point, we had developed a 

fairly abundant source of the pressor sub-

stance and a semiquantitative method to esti-

mate the pressor activity of the blood. 

We were now ready to proceed to the next 

step: The identification of the pressor sub-

stance. […] 

After trying the toad preparation that had 

been previously used by Taquini to test for 

the activity of the various extracts, we de-

cided to use dogs, a more expensive but a 

more reliable method of assay. […] 

Extracts of the venous blood from the is-

chemic kidneys made by the addition of 3 

volumes of acetone were found to increase 

arterial pressure of the dogs, whereas extracts 

made from venous blood of normal kidneys 

failed to raise pressure. The blood pressure 

rose abruptly, but the increase lasted for only 

a few minutes. We were puzzled, as we ex-

pected a long-lasting rise similar to that in-

duced by grafting an ischemic kidney or by 

the injection of the venous blood from an is-

chemic kidney. 

The pressor substance was thermostable, in-

soluble in ether, and had a vasoconstrictor ac-

tion on the vascular bed of the toad. Its chem-

ical and pharmacological properties were dif-

ferent from those of other pressor substances 

known at that time. We called it hypertensin 

because we believed it to be the humoral me-

diator of renal hypertension(675).” 

SARILUMAB 

2017 

https://go.drugbank.com/drugs/DB11767
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Monoclonal Antibody 

LETERMOVIR 

2017 

From the discovery paper: 

“In our attempt to discover novel anti-HCMV 

compounds that could potentially yield new 

therapeutic agents, we identified 3,4-dihy-

dro-quinazoline-4-yl-acetic acid derivatives 

as a novel class of compounds with anti-

HCMV activity by screening a compound li-

brary in a high-throughput manner. Hit-to-

lead optimization activities, including exten-

sive structure-activity relationship studies 

and pharmacological analyses (unpublished 

data), led to the discovery of AIC246(676).” 

It is not determined if the discovery assay was 

a biochemical enzyme-based assay or a phe-

notypic cell-based assay. In the discovery pa-

per, results of the following assays are re-

ported, yet it is not known certainly whether 

the discovery assay was among these re-

ported assays or not. However, as all the re-

ported assays in the discovery paper are phe-

notypic, it sees that the discovery was also 

phenotype-based(676): 

✓ HCMV cytopathic effect reduction assay 

✓ HCMV plaque assay 

✓ HCMV fluorescence reduction assay 

✓ Cytotoxicity assay 

✓ Focus expansion assay. “Briefly, late-

stage-infected fibroblasts were cocul-

tured with an excess of uninfected fibro-

blasts for 5 days in the presence or the ab-

sence of 50 nM AIC246” 

✓ Kinetic block release assay. “NHDF cells 

grown in six-well plates were infected 

with AD169 at an MOI of 0.1.” 

✓ Time-of-addition assay. “NHDF cells 

were cultured in black 96-well plates and 

infected with AD169-GFP.” 

✓ Mouse xenograft model 

PLECANATIDE 

2017 

Analogue of the endogenous uroguanylin(1) 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

BENZNIDAZOLE 

2017 

Analogue of metronidazole 

SECNIDAZOLE 

2017 

Analogue of metronidazole 

VOXILAPREVIR 

2017 

Analogue of paritaprevir 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

GLECAPREVIR 

2017 

Analogue of paritaprevir 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

https://drugs.ncats.io/drug/1H09Y5WO1F
https://drugs.ncats.io/drug/7IK8Z952OK
https://drugs.ncats.io/drug/YC42NRJ1ZD
https://drugs.ncats.io/drug/R3459K699K
https://drugs.ncats.io/drug/0570F37359
https://drugs.ncats.io/drug/K6BUU8J72P
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DELAFLOXACIN 

2017 

Analogue of nalidixic acid 

NETARSUDIL 

2017 

From the discoverer(s): 

“Aerie’s Rho kinase program previously 

identified the amino isoquinoline amide AR-

12286 as a potent ROCK inhibitor (Ki = 2.0 

nM) that effectively lowered IOP in animal 

models and human subjects. The goal of the 

present study was to discover ROCK inhibi-

tors with a more durable IOP-lowering effect 

to allow once-daily dosing in patients. We 

describe the discovery of novel amino-iso-

quinoline amide ROCK inhibitors that pro-

vide a longer duration of IOP-lowering effect 

in animal models than previous ROCK inhib-

itors. The most effective compounds were 

also found to have inhibitory activity against 

the norepinephrine transporter. 

The α-aryl α-amino isoquinoline analog 2 

displayed potent ROCK2 inhibition (Ki = 1.5 

nM) but was less effective at disrupting focal 

adhesions and actin stress fibers in cell-based 

assays conducted with SV-40 transformed 

human trabecular meshwork cells (HTM) and 

primary porcine trabecular meshwork cells 

(PTM), respectively. Analogs including α-

aryl-β-amino isoquinoline 3 and α-aryl-β- 

amino isoquinoline 6, with extended alkyl-

amino arms, displayed a significant improve-

ment in both HTM and PTM assays. The β-

amino analog 3 was twice as potent against 

ROCK2 (Ki = 0.8 nM) relative to the α- and 

γ amino analogs 2 and 6, respectively (Ki = 

1.5 nM). Furthermore, the S-enantiomer 4 of 

the b-amino analog 3 was 42 times more po-

tent against ROCK2 than the R-enantiomer 5. 

[…] 

Analogs 2, 3 and 6 were then compared to 

AR-12286 and SNJ-1656 for their ability to 

lower IOP in Dutch Belted rabbits. […] 

The long duration of IOP lowering for 3 was 

a unique feature relative to the ROCK inhib-

itors AR-12286 and SNJ-1656, as well as 

other published ROCK inhibitors. To screen 

for potential activity against other targets, 3 

was tested against a panel of 79 human pro-

teins including transmembrane receptors, 

transporters, channels, and CYTP450s. 

For comparison, AR-12286 was screened 

against the same panel. When assayed at a 

concentration of 10 μM, 3 produced ⩾70% 

inhibition against 5 proteins: norepinephrine 

transporter (NET), serotonin reuptake trans-

porter (SERT), and CYP450 2C19, 2D6, and 

3A4. AR-12286 had no activity against these 

proteins with the exception of CYP450 2D6 

(67% inhibition). The inhibitory activity of 3 

against NET and SERT was considered of in-

terest since both adrenergic and serotonergic 

signaling are involved in IOP regulation, and 

the adrenergic agonists epinephrine and 

brimonidine are in clinical use as IOP-lower-

ing drugs for glaucoma. Because of the po-

tent and sustained efficacy of the α-aryl β-

amino isoquinoline analog 3, a continued 

SAR effort was further explored […] 

The esters in both classes maintained 

ROCK2 and HTM activity, though the activ-

ity was less that of the respective parent com-

pounds. These compounds were tested for 

IOP lowering in Dutch Belted rabbits at 0.1% 

on day one and the dose was increased to 

0.3% on day 2. IOP measurements were 

taken at 1, 2, 4, 8, 24 h after dosing each day. 

Irritation was scored according to the Draize 

scale at each time point. To identify the 

https://drugs.ncats.io/drug/6315412YVF
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optimal ester to carry forward, several criteria 

had to be met. The compound had to be dis-

solved and stable in a topical formulation. It 

also had to demonstrate a significant and sus-

tained reduction in IOP with minimal hyper-

emia and no chemosis(677).” 

MIDOSTAURIN 

2017 

Analogue of staurosporine 

Discovery of staurosporine: 

From the discoverer(s): 

“Staurosporine was discovered in the course 

of screening for microbial alkaloids in 1977, 

of which stucture was elucidated to be an in-

dolo [2,3-a] carbazole derivative in the next 

year, and has been shown to possess various 

biological activities, including hypotensive 

activity and inhibitory activity of platelet ag-

gregation other than antifugal activity soon 

after its discovery(678).” 

ENASIDENIB 

2017 

From the discoverer(s): 

“In pursuit of drug candidates targeting re-

current oncogenic IDH2 mutations, we initi-

ated a high-throughput screen for inhibitors 

of the enzyme carrying the most prevalent 

IDH2 mutation in AML, IDH2R140Q. Several 

triazine compounds active against the 

IDH2R140Q homodimer emerged, and initial 

hit-to-lead chemistry led to compound 1, the 

first sub–100 nmol/L inhibitor of 

IDH2R140Q(679).” 

(+)-ALPHA-DIHYDROTETRABENA-

ZINE 

2017 

Analogue of tetrabenazine 

VALBENAZINE DITOSYLATE 

2017 

Analogue of tetrabenazine 

DEUTETRABENAZINE 

2017 

Deuterated tetrabenazine 

SEMAGLUTIDE 

2017 

“Semaglutide is a glucagon-like peptide 1 

(GLP-1) analog used to manage type 2 diabe-

tes along with lifestyle changes, such as 

https://drugs.ncats.io/drug/ID912S5VON
https://drugs.ncats.io/drug/3T1SS4E7AG
https://drugs.ncats.io/drug/IFRYDMLSGE
https://drugs.ncats.io/drug/IFRYDMLSGE
https://drugs.ncats.io/drug/5SML1T733B
https://drugs.ncats.io/drug/P341G6W9NB
https://go.drugbank.com/drugs/DB13928
https://go.drugbank.com/drugs/DB13928
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dietary restrictions and increased physical ac-

tivity. Other members of this drug class in-

clude Exenatide and Liraglutide(2).” 

See the exenatide entry. 

ETELCALCETIDE 

2017 

From the discoverer(s): 

“The discovery and development of etelcal-

cetide started with the unexpected observa-

tion that intravenous administration of a cys-

teine‐containing polycationic peptide re-

sulted in a marked PTH reduction in both pre-

clinical models and the clinical setting. This 

paved the way to the pursuit of peptide‐based 

therapy for SHPT. Since serum PTH is an 

easy‐to‐measure pharmacodynamic bi-

omarker that is tightly linked to CaSR activa-

tion, peptide optimization to decipher the 

structure–activity relationship (SAR) was 

primarily conducted by assessing the impact 

on serum PTH in rats(680).” 

TELOTRISTAT 

2017 

“Lexicon used a high-throughput binding as-

say for TPH1 to identify compounds with 

high selectivity for this enzyme. They 

screened a library of 200,000 agents to 

choose a candidate for further drug develop-

ment. They eventually selected telotri-

stat(681).” 

DUPILUMAB 

2017 

Monoclonal Antibody 

GUSELKUMAB 

2017 

Monoclonal Antibody 

BRODALUMAB 

2017 

Monoclonal Antibody 

EDARAVONE 

2017 

Analogue of riluzole 

RIBOCICLIB 

2017 

Analogue of palbociclib 

ABEMACICLIB 

2017 

Analogue of palbociclib 

MACIMORELIN ACETATE 

2017 

Diagnostic 

CERLIPONASE ALFA 

2017 

Endogenous-based biopharmaceutical 

https://drugs.ncats.io/drug/60ME133FJB
https://drugs.ncats.io/drug/381V4FCV2Z
https://go.drugbank.com/drugs/DB12159
https://go.drugbank.com/drugs/DB12159
https://go.drugbank.com/drugs/DB11834
https://go.drugbank.com/drugs/DB11834
https://go.drugbank.com/drugs/DB11776
https://go.drugbank.com/drugs/DB11776
https://drugs.ncats.io/drug/S798V6YJRP
https://drugs.ncats.io/drug/TK8ERE8P56
https://drugs.ncats.io/drug/60UAB198HK
https://go.drugbank.com/drugs/DB13074
https://go.drugbank.com/drugs/DB13074
https://go.drugbank.com/drugs/DB13173
https://go.drugbank.com/drugs/DB13173
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GEMTUZUMAB OZOGAMICIN 

2017 

“Gemtuzumab ozogamicin is a recombinant 

humanized IgG4 kappa antibody which is 

conjugated with calicheamicin derivative, a 

cytotoxic antitumor antibiotic isolated from 

fermentation of Micromonospora echino-

spora ssp. calichensis(2).” 

From the discoverer(s) of calicheamicins, a 

class of antitumor chemicals which includes 

ozogamicin: 

“The calicheamicins are produced by the fer-

mentation of Micromonospora echinospora 

ssp calichensis, a bacterium isolated from a 

chalky, or caliche, soil sample collected in 

Texas. They were discovered in the mid-

1980s in a fermentation products screening 

program through the use of the biochemical 

induction assay (BIA), which utilized a ge-

netically engineered strain of Escherichia 

coli to detect DNA damaging agents. Crude 

preparations of the BIA positive fermentation 

broths were evaluated in murine tumor mod-

els P388 and B16. Only those demonstrating 

good efficacy were pursued further(682).” 

INOTUZUMAB OZOGAMICIN 

2017 

Antibody-drug conjugate 

See the gemtuzumab ozogamicin entry for 

ozogamicin. 

ABALOPARATIDE 

2017 

Endogenous-based biopharmaceutical 

Analogue of the endogenous parathyroid hor-

mone-related protein (PTHrP)(2) 

EMICIZUMAB 

2017 

Monoclonal Antibody 

VESTRONIDASE ALFA 

2017 

Recombinant lysosomal beta glucuronidase 

with the same amino acid sequence(2). 

OZENOXACIN 

2017 

Analogue of nalidixic acid 

BRIGATINIB 

2017 

Analogue of ceritinib 

PIBRENTASVIR 

2017 

Analogue of ombitasvir 

BENRALIZUMAB 

https://go.drugbank.com/drugs/DB00056
https://go.drugbank.com/drugs/DB00056
https://go.drugbank.com/drugs/DB05889
https://go.drugbank.com/drugs/DB05889
https://drugs.ncats.io/drug/AVK0I6HY2U
https://go.drugbank.com/drugs/DB13923
https://go.drugbank.com/drugs/DB13923
https://go.drugbank.com/drugs/DB12366
https://go.drugbank.com/drugs/DB12366
https://drugs.ncats.io/drug/V0LH498RFO
https://drugs.ncats.io/drug/HYW8DB273J
https://drugs.ncats.io/drug/2WU922TK3L
https://go.drugbank.com/drugs/DB12023
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2017 

Monoclonal Antibody 

SAFINAMIDE 

2017 

Analogue of selegiline 

21-DESACETYLDEFLAZACORT 

2017 

Analogue of cortisone 

ERTUGLIFLOZIN 

2017 

Analogue of dapagliflozin 

BETRIXABAN 

2017 

Analogue of rivaroxaban 

NERATINIB 

2017 

Analogue of afatinib 

STIRIPENTOL 

2018 

“Stiripentol (l-[3,4-methylenedioxyphenyl]-

4,4-dimethyl-1-penten-3-ol) is a new antiepi-

leptic drug currently undergoing clinical trial. 

It was selected from a series of aromatic al-

lylic alcohols which demonstrated anticon-

vulsant and hypnotic activities in rodent 

screens(683).” 

I was unable to find the abstract or full-text 

of the discovery paper cited in the previous 

quotation: 

Astoin J, Marivain A, Riveron A, Crucifix M, 

Lapotre M, Torrens Y (1978) Action de nou-

veaux alcools - éthyléniques sur le système 

nerveux central. Eur J Med Chem 13:41-47 

MOXIDECTIN 

2018 

Analogue of ivermectin 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

https://drugs.ncats.io/drug/90ENL74SIG
https://drugs.ncats.io/drug/T1LWN33J2P
https://drugs.ncats.io/drug/6C282481IP
https://drugs.ncats.io/drug/74RWP7W0J9
https://drugs.ncats.io/drug/JJH94R3PWB
https://drugs.ncats.io/drug/R02XOT8V8I
https://drugs.ncats.io/drug/NGU5H31YO9
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AMIFAMPRIDINE 

2018 

“4-aminopyridine has been tested, but its use-

fulness is limited by central nervous system 

stimulant effects sometimes causing seizures. 

We have tried another aminopyridine, 3,4-di-

amino- pyridine (3,4-DAP), in three patients 

with Eaton-Lambert syndrome. This drug is 

known from animal experiments to be more 

potent in improving neuromuscular transmis-

sion and less convulsant than 4-amino-

pyridine(684).” 

From the discovery paper of 4-aminopyridine 

cited in the previous quotation: 

“Guanidine is a potent drug in this condition 

but serious adverse reactions have been re-

ported. We have treated a patient suffering 

from this syndrome with a new drug, 4-ami-

nopyridine. This drug powerfully increases 

neurally evoked transmitter release from mo-

tor nerves possibly by acting directly on the 

calcium channels in the nerve terminal mem-

brane, allowing the inward calcium current 

during depolarisation of the nerve terminal to 

become regenerative. The drug has recently 

been shown to restore neuromuscular trans-

mission in paralysis produced by botulinum 

toxin in the rat(685).” 

From the discovery paper of guanidine cited 

in the previous quotation: 

“Recently, I have studied a patient who had a 

defect of neuromuscular transmission differ-

ent from those just described. In some re-

spects the defect resembled that which occurs 

with bronchogenic carcinoma. In the rested 

muscle, there was a marked depression of the 

response to a single nerve stimulus. How-

ever, facilitation of the response occurred 

during repetitive stimulation at all rates from 

1 per second to 200 per second. There was no 

depression of successive responses to stimu-

lation at slow rates as is characteristic of my-

asthenia gravis and the myasthenic syndrome 

SCCa. Although this defect may prove to be 

but a variant of that seen in the myasthenic 

syndrome SCCa, it is sufficiently unique to 

warrant a detailed study of its characteristics. 

Some results of electrophysiologic and phar-

macologic tests of the defect will be de-

scribed. […] 

The electrophysiologic methods used in this 

study were described in the last symposium 

on myasthenia gravis. The muscle action po-

tentials evoked by stimulation of nerves were 

recorded with electrodes at standard positions 

on the skin surface over the belly and tendon 

of the muscle. When responses were to be 

compared over a period of days, the electrode 

positions were marked with indelible pencil, 

so that the position would remain the same in 

successive tests. The amplitude of the action 

potentials was measured from the baseline to 

the peak of the negative spike. 

A biopsy of the vastus medialis muscle re-

vealed no abnormality in specimens stained 

with haematoxylin and eosin, with Masson’s 

trichrome stain and for phosphorylase. […] 

Biopsy of the skin was performed by Peter 

Dyck. The pad of the right fifth digit which 

had a normal threshold for touch and a ‘low-

normal’ 2-point discrimination had 6.2 

Meissner corpuscles per sq. mm., a value low 

in the normal range. The pad of the right first 

toe which had an abnormally high threshold 

for touch and 2-point discrimination had only 

0.4 Meissner’s corpuscle per sq. mm., a value 

on the lower border of normal for healthy per-

sons of the same age. Together with the stud-

ies of terminal motor innervation, these ob-

servations suggest that there is a low grade 

abnormality of nerve endings. […] 

Tensilon. […] 

Prostigmin. […] 

Epinephrine. […] 

Calcium gluconate. […] 

Guanidine. Another drug which increases the 

amount of acetycholine released from motor 

https://drugs.ncats.io/drug/RU4S6E2G0J
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nerve endings by a nerve impulse is guani-

dine. It proved to be more effective than an-

ticholinesterases in treatment of Patient W. 

Guanidine increased the response of the 

rested muscle to a single maximal nerve stim-

ulus and greatly reduced the time required to 

reach maximal facilitation during repetitive 

stimulation of the nerve. 

A single test dose of the drug was not as ef-

fective as prolonged administration. On three 

occasions, when no drugs had been adminis-

tered for several days, a single oral dose of 8 

to 10 mg. per kg. of body weight was given. 

The amplitude of the action potentials evoked 

from the rested hypothenar or thenar muscles 

by a single maximal stimulus to the ulnar or 

median nerves increased from 38 to 120 per 

cent above initial values. The effect reached 

its peak 45 to 60 minutes after ingestion of 

the drug and subsided over the next 1 to 2 

hours. The twitch response of the muscle in-

creased in a parallel fashion. Paresthesia of 

the lips, tongue and occasionally of the fin-

gers appeared 30 minutes after the ingestion 

of the drug and persisted for about 2 hours. 

This was not disturbing to the patient. Only 

moderate improvement in performance oc-

curred after the test dose. Walking was a little 

more brisk and steady. Rising from a chair 

with arms folded was easier. 

Maximal benefit from guanidine was not ob-

tained until the drug had been taken for sev-

eral days. The patient felt that he continued to 

improve for about a week after he began tak-

ing the drug. For prolonged use guanidine hy-

drochloride in capsule or tablet form was 

taken by mouth in daily amounts of 20 to 30 

mg. per kg. divided into four doses. After 30 

mgm. of guanidine hydrochloride per kg. of 

body weight was taken daily for seven days, 

the muscle action potential evoked by a sin-

gle maximal stimulus was, on the average, 

5.9 times its initial value. Addition of Mesti-

non to the regimen caused a slight further in-

crease in the response to 6.5 times the initial 

value. In contrast, Mestinon alone in a dose 

that was tolerated provided only a fraction of 

the improvement obtained with guanidine. 

After the study illustrated in TABLE 2, the 

patient continued taking a combination of 

guanidine and Mestinon. However, he ob-

served that omitting the Mestinon did not ap-

preciably decrease his performance, and 

since that time he has taken guanidine alone 

in a dose of 30 mgm./kg. daily. He has dis-

carded his cane, been able to walk briskly and 

steadily and resumed a number of activities 

he had not undertaken for several years. He 

can throw a ball and cast much more accu-

rately(686).” 

GILTERITINIB 

2018 

Not found 

TAGRAXOFUSP 

2018 

“Tagraxofusp is an IL-3 conjugated truncated 

diphtheria toxin. It is composed by the cata-

lytic and translocation domains of diphtheria 

toxin fused via Met-His linker to a full-length 

human IL-3(2).” 

EMAPALUMAB 

2018 

https://drugs.ncats.io/drug/66D92MGC8M
https://go.drugbank.com/drugs/DB14731
https://go.drugbank.com/drugs/DB14731
https://go.drugbank.com/drugs/DB14724
https://go.drugbank.com/drugs/DB14724
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Monoclonal Antibody 

CANNABIDIOL 

2018 

“Records of the medicinal use of cannabis ap-

pear in the Egyptian Ebers papyrus of the six-

teenth century BC. Much later, the plant is 

mentioned in Assyrian texts as a medicinal 

agent, and in Greek and Roman sources as a 

minor drug […] We found the skeletal re-

mains of a girl aged about 14 at death in an 

undisturbed family burial tomb in Beit 

Shemesh, near Jerusalem. Three bronze coins 

found in the tomb dating to AD 315-392 in-

dicate that the tomb was in use during the 

fourth century AD. We found the skeletal re-

mains of a full-term (40-week) fetus in the 

pelvic area of the girl, who was lying on her 

back in an extended position, apparently in 

the last stages of pregnancy or giving birth at 

the time of her death. […] 

Thin-layer chromatography revealed one 

main spot with an Rf value (0.72) identical 

with that of Δ6-tetrahydrocannabinol (Δ6-

THC), a component of cannabis. We con-

firmed our conclusion using gas chromatog-

raphy, mass spectrometry and NMR spec-

troscopy, all of which gave spectra identical 

with those obtained from authentic Δ6-THC. 

Δ6-THC is a minor, highly stable constituent 

of cannabis; its presence presumably indi-

cates conversion of the major components, 

Δ1-THC and cannabidiol, into Δ6-THC, a pro-

cess known to occur after acid catalysis, ap-

parently during the burning process. 

We assume that the ashes found in the tomb 

were cannabis, burned in a vessel and admin-

istered to the young girl as an inhalant to fa-

cilitate the birth process. […] 

As mentioned above, scattered literary refer-

ences indicate that cannabis was used for a 

wide variety of medical conditions well into 

the twentieth century. In the nineteenth cen-

tury, its use in obstetrics is cited in several 

medical publications, one of which indicates 

that C. sativa had the remarkable power to in-

crease the force of uterine contractions, con-

comitant with a significant reduction of la-

bour pain(687).” 

“Exact mechanism of action of cannabidiol is 

not known(1)” 

“Cannabis is one of the first plants to have 

been used as a medicine, for religious cere-

monies and recreationally, the first accounts 

of its use for these purposes stretching back 

5000 years 

Another finding made at this time, that sleep 

induced in mice by an unnamed barbiturate 

can be prolonged by CBD, although not by 

higher doses of CBN or THC, is also attribut-

able to Loewe (1944)(688).” 

OMADACYCLINE 

2018 

Analogue of oxytetracycline 

ERAVACYCLINE 

2018 

Analogue of oxytetracycline 

https://drugs.ncats.io/drug/19GBJ60SN5
https://drugs.ncats.io/drug/090IP5RV8F
https://drugs.ncats.io/drug/07896928ZC
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TECOVIRIMAT 

2018 

From the discoverer(s): 

“ST-246 was identified in a high-throughput 

screen of 356,240 compounds in a chemically 

diverse library. A total of 759 compounds 

were found to be capable of inhibiting the 

poxvirus cytopathic effect on tissue culture 

cells in vitro. The effective concentration ca-

pable of inhibiting 50% of the cytopathic ef-

fect seen in untreated infected cells (EC50) 

was calculated for all ‘hits’. They were 

grouped into nine distinct chemical series 

based upon the structure of their parent scaf-

folds. Several chemical series were opti-

mized further based on nascent structure–ac-

tivity relationships of related analogs. 

Among these were the tricyclononene car-

boxamides with EC50 values that ranged from 

20 nM to the upper limit of measurement 

(>20 μM). The 4-trifluoromethyl-phenol de-

rivative (ST-246) was selected for further 

characterization from a group of analogs 

based on a low EC50 and relative metabolic 

stability(689).” 

From the discovery paper cited in the previ-

ous quotation: 

“A high-throughput screening (HTS) format 

was used to evaluate compounds for their 

ability to inhibit vaccinia virus-induced cyto-

pathic effect (CPE). The HTS consisted of 

Vero cell monolayers seeded in 96-well 

plates (104 cells per well) that were infected 

with vaccinia virus at approximately 0.1 PFU 

per cell. At 3 days postinfection, the cultures 

were fixed with 5% glutaraldehyde and 

stained with 0.1% crystal violet in 5% meth-

anol. Virus-induced CPE was quantified 

spectrophotometrically by absorbance at 570 

nm(690).” 

RAVULIZUMAB 

2018 

Monoclonal Antibody 

VABORBACTAM 

2017 

Analogue of sulbactam 

LAROTRECTINIB 

2018 

Analogue of crizotinib 

LAROTRECTINIB 

https://drugs.ncats.io/drug/F925RR824R
https://go.drugbank.com/drugs/DB11580
https://go.drugbank.com/drugs/DB11580
https://drugs.ncats.io/drug/1C75676F8V
https://drugs.ncats.io/drug/PF9462I9HX
https://drugs.ncats.io/drug/PF9462I9HX
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LORLATINIB 

2018 

Analogue of crizotinib(691) 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

From the discovery paper: 

“Compound 1 (PF-02341066, crizotinib), a 

MET, ALK, and ROS1 kinase inhibitor at 

clinically relevant drug exposures, was in 

early clinical trials when the EML4−ALK 

translocation was identified. The marked ef-

ficacies from two clinical trials led to U.S. 

Food and Drug Administration (FDA) ap-

proval in 2011 based on an objective re-

sponse rate of approximately 60% and pro-

gression-free survival (PFS) times of approx-

imately 10 months. Xalkori was the first 

ALK inhibitor approved by the U.S. FDA as 

a first-line treatment for ALK-positive lung 

cancer patients. 

Although compound 1 demonstrates initial 

robust efficacy in ALK-positive tumors, pa-

tients eventually develop resistance. […] 

Optimization to address emerging resistance 

to compound 1 was previously described. Ta-

ble 1 highlights some key compounds from 

the first- and second-generation ALK inhibi-

tor programs. […] 

Structure-based, property-based, and effi-

ciency-focused drug design efforts culmi-

nated in broadly potent, permeable, and met-

abolically stable second-generation ALK in-

hibitors, highlighted by compound 6a (PF-

06439015). […] 

To evaluate the macrocycle design concept, a 

variety of 12−14-membered ether-linked 

macrocycles were prepared on the basis of 

the cocrystal structure analysis of acyclic me-

thyl ether 6b, and the data are summarized in 

Table 2. According to matched molecular 

pairs, the smaller ring sizes consistently pro-

vided the most lipophilic efficient macrocy-

cles. For example, cyclic ethers 7a, 7c, and 7e 

had higher LipE than their corresponding 

larger ring matched molecular pairs 7b, 7d, 

and 7f. The 12-membered macrocycle 7e dis-

played the highest LipE (4.4) with picomolar 

binding affinities and good cellular potencies 

(ALK IC50 = 1.0 nM; ALK-L1196M IC50 = 

20 nM). […] 

 On the basis of outstanding potency, low in 

vitro clearance, good selectivity, and low ef-

flux potential, macrocycle 8k emerged as a 

candidate for further profiling. As revealed in 

Table 5, 8k demonstrated significantly im-

proved cell activity against ALK and a large 

set of ALK clinical mutations compared to 

compound 1(691).” 

SEGESTERONE 

2018 

Analogue of progesterone 

DACOMITINIB  

2018 

Analogue of afatinib 

LUTETIUM OXODOTREOTIDE LU-177 

2018 

Chelated complex of the radioisotope 177Lu 

as a radiotherapeutic 

https://drugs.ncats.io/drug/OSP71S83EU
https://drugs.ncats.io/drug/09Q5UV3747
https://drugs.ncats.io/drug/2XJX250C20
https://drugs.ncats.io/drug/AE221IM3BB
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FOSTAMATINIB 

2018 

From the discoverer(s): 

“We used a cultured human mast cell 

(CHMC) assay to identify small molecules 

that inhibited IgE-mediated activation 

through the FcɛR1 receptor cross linking with 

anti-IgE antibodies and hence downstream 

inhibition of mast cell degranulation, and 

therefore inhibition of generation and release 

of inflammatory lipid mediators and cyto-

kines. Control of production and release of 

leukotriene LTC4, and cytokines and chemo-

kines, for example, TNFα, IL-8, and GM-

CSF could be functionally useful mechanism 

for treatment of inflammatory and autoim-

mune diseases. 

We pursued SAR on compound 1 to improve 

the upstream anti-IgE mediated CHMC 

degranulation inhibition as measured by tryp-

tase release. 1a Analog 1 resulted from SAR 

studies during lead optimization towards in-

tranasal clinical lead R112 for the treatment 

of allergic rhintis. Gratifyingly compound 1 

displays desirable CHMC degranulation inhi-

bition with EC50 = 0.540 µM, with approxi-

mately 10-fold selectivity over downstream 

ionomycin mediated tryptase release(692).” 

TALAZOPARIB 

2018 

Analogue of rucaparib 

SODIUM ZIRCONIUM CYCLOSILICATE 

2018 

TEZACAFTOR 

2018 

Analogue of lumacaftor 

LUSUTROMBOPAG 

2018 

Analogue of eltrombopag 

AVATROMBOPAG 

2018 

Analogue of eltrombopag 

LANADELUMAB 

2018 

Monoclonal Antibody 

BICTEGRAVIR 

https://drugs.ncats.io/drug/SQ8A3S5101
https://drugs.ncats.io/drug/9QHX048FRV
https://go.drugbank.com/drugs/DB14048
https://go.drugbank.com/drugs/DB14048
https://drugs.ncats.io/drug/8RW88Y506K
https://drugs.ncats.io/drug/6LL5JFU42F
https://drugs.ncats.io/drug/3H8GSZ4SQL
https://go.drugbank.com/drugs/DB14597
https://go.drugbank.com/drugs/DB14597
https://drugs.ncats.io/drug/8GB79LOJ07
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2018 

Analogue of raltegravir 

ELAGOLIX 

2018 

From the discovery paper: 

“We have previously reported 3-[(2R)-

amino-2-phenylethyl]-1-(2,6-difluoroben-

zyl)-5-(2-fluoro-3-methoxyphenyl)-6-meth-

ylpyrimidin-2,4-dione, 4a (NBI-42902), as a 

potent and orally active antagonist of the hu-

man gonadotropin-releasing hormone recep-

tor (hGnRH-R). […] 

As a primary assay for establishing structure-

activity relationships, synthesized com-

pounds were tested for their ability to com-

pete for binding of the radiolabeled peptide 

[125I-Tyr5,DLeu6 ,NMeLeu7,Pro9-NEt]GnRH 

to hGnRH-R as previously reported. Com-

pounds were also screened for their ability to 

inhibit a ligand binding to the CYP3A4 en-

zyme in an in Vitro assay. 

Although there was no significant difference 

in binding affinity among the three butyric 

acids 10a-c (Ki = 0.9-2.1 nM) in the peptide 

competition binding assay, their functional 

activities varied. Compound 10b had an IC50 

value of 1.5 nM in the IP accumulation assay, 

while 10a (IC50 = 27 nM) was 18-fold less 

potent(693).” 

From the discovery paper of NBI-42902: 

“The compounds herein synthesized were 

evaluated for their ability to inhibit [125I-

Tyr5,DLeu6 ,NMeLeu7,Pro9-NEt]GnRH ago-

nist binding to the cloned human, monkey, 

and rat GnRH-Rs as previously described, 

and the data are summarized in Tables 1-3. 

Selected compounds were tested in the inhi-

bition of GnRH-stimulated calcium flux in 

RBL cells stably expressing the hGnRH-R to 

determine functional antagonism(694).” 

TAFENOQUINE 

2018 

Analogue of quinine 

IVOSIDENIB 

2018 

Analogue of enasidenib 

DUVELISIB 

2018 

Analogue of idelalisib(1) 

https://drugs.ncats.io/drug/5B2546MB5Z
https://drugs.ncats.io/drug/262P8GS9L9
https://drugs.ncats.io/drug/Q2PCN8MAM6
https://drugs.ncats.io/drug/610V23S0JI
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LOFEXIDINE 

2018 

Synthesized as an analogue of clonidine and 

tested for management of the symptoms of 

opioid withdrawal for which clonidine had 

been used off-label(695) 

“To my knowledge, there was no existing 

preclinical work in any form detailing the ef-

fects of lofexidine on opiate withdrawal prior 

to the report by a well-rounded team led by 

Herbert Kleber in 1981 describing the supe-

riority or, at least, the equivalency of lofexi-

dine over clonidine in easing symptomology 

in opiate-dependent patients(695).” 

From the discovery paper of the effectiveness 

of clonidine in managing the symptoms of 

opioid withdrawal: 

“We have given clonidine 5 µg/kg to five 

male opiate addicts after withdrawal of 15-50 

mg chronic methadone treatment. […] 

We tried clonidine because of the possibility 

of a noradrenergic mechanism being respon-

sible for opiate withdrawal, as suggested by 

studies on a major brain noradrenergic nu-

cleus, the locus coeruleus, in monkeys. The 

effects of electrical or pharmacological acti-

vation of this nucleusl-4 were strikingly sim-

ilar to those noted after opiate withdrawal. 

Both morphine and clonidine blocked the ef-

fects of activation of the locus coeruleus in 

primates, correlating with the time course of 

decreased neuronal activity in the locus co-

eruleus and decreased noradrenaline release. 

While clonidine and the opiates have similar 

effects on the locus coeruleus, clonidine ap-

pears to exert specific effects through non-

opiate, alpha-2 adrenergic receptors. These 

data suggested that the opiate-withdrawal 

syndrome is due to increased noradrenergic 

neuronal activity in areas such as the locus 

coeruleus which are regulated both by alpha-

2 adrenergic and opiate receptors. 

Our preliminary results in man support a nor-

adrenergic system mediation of opiate with-

drawal and suggest that clonidine may be a 

more definitive treatment for opiate with-

drawal than others now available(696).” 

PLAZOMICIN 

2018 

Analogue of amikacin 

SARECYCLINE 

2018 

Analogue of oxytetracycline 

INOTERSEN 

2018 

Antisense oligonucleotide 

MOXETUMOMAB PASUDOTOX 

https://drugs.ncats.io/drug/UI82K0T627
https://drugs.ncats.io/drug/LYO9XZ250J
https://drugs.ncats.io/drug/94O110CX2E
https://go.drugbank.com/drugs/DB14713
https://go.drugbank.com/drugs/DB14713
https://go.drugbank.com/drugs/DB12688
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2018 

Monoclonal Antibody 

RIFAMYCIN 

2018 

It was first discovered in 1963(220) (see the 

rifampin entry). But it was not developed in 

the US and was optimized to rifampin which 

was approved by FDA in 1971. 

From the discoverer(s): 

“An intensive strategy for chemical modifi-

cation of the basic rifamycin structure was 

planned, with the aim of obtaining a com-

pound with the following improvements over 

rifamycin SV in chemotherapeutic proper-

ties: better oral absorption; more prolonged 

antibacterial levels in blood; and greater ac-

tivity against mycobacterial infections and 

infections due to gram-negative bacteria […] 

Many of these derivatives were extremely ac-

tive, both in vitro and in vivo, against M. tu-

berculosis and other gram-positive bacteria 

and were moderately active against gram-

negative bacteria. The in vivo activity of 

some of these derivatives in infected animals 

was of the same order whether the products 

were administered orally or parenterally; this 

observation suggested good absorption from 

the gastrointestinal tract. In various experi-

mental infections, the hydrazone of 3-formyl-

rifamycin SV with N-amino-N’-methylpiper-

azine, designated rifampicin or rifampin, was 

the most active after oral administration and 

was also the least toxic. Rifampin was there-

fore selected for clinical studies(220).” 

GALCANEZUMAB 

2018 

Monoclonal Antibody 

CEMIPLIMAB 

2018 

Monoclonal Antibody 

PRUCALOPRIDE 

2018 

Analogue of cisapride which itself is an ana-

logue of metoclopramide(697) 

BINIMETINIB 

2018 

Analogue of cobimetinib 

https://drugs.ncats.io/drug/DU69T8ZZPA
https://go.drugbank.com/drugs/DB14042
https://go.drugbank.com/drugs/DB14042
https://go.drugbank.com/drugs/DB14707
https://go.drugbank.com/drugs/DB14707
https://drugs.ncats.io/drug/0A09IUW5TP
https://drugs.ncats.io/drug/181R97MR71
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BALOXAVIR MARBOXIL 

2018 

“It was not until 2009 that the structure of PA 

was determined by crystallography, and it 

was discovered that the viral endonuclease 

function resides in the N-terminus of the PA 

subunit. Further study with residues 1–209 

revealed highly conserved residues for metal 

ion binding (H41, E80, D108, and E119) and 

catalytic activity (K134) typical of type II en-

donucleases. Mutation of any of these resi-

dues results in loss of PA endonuclease activ-

ity. 

These studies laid the groundwork for ra-

tional design of successful inhibitors target-

ing the active site of the PA endonuclease. 

Knowing the preferential binding of manga-

nese ions that are essential for its activity, 

many groups used this to computationally de-

sign inhibitors with a metal ion binding struc-

ture that could specifically fit within the en-

donuclease site. The most successful of these 

groups to date is Shionogi Inc., which de-

signed baloxavir marboxil based off of a 

metal ion binding integrase inhibitor for hu-

man immunodeficiency virus, dolutegravir. 

Baloxavir acid, the active form of baloxavir 

marboxil, was designed to be specific for the 

PA endonuclease. From co-crystal structural 

data of baloxavir acid bound to PA, it can be 

seen that stable binding to the active site re-

quires an interaction with two manganese 

ions and van der Waals interactions with res-

idues-specific to the pocket(698).” 

PATISIRAN SODIUM 

2018 

Double-stranded short interfering RNA 

(siRNA) targeting mRNA 

APALUTAMIDE 

2018 

Analogue of bicalutamide 

DORAVIRINE 

2018 

Analogue of etravirine 

BARICITINIB 

2018 

Analogue of ruxolitinib 

FREMANEZUMAB 

2018 

Monoclonal Antibody 

https://go.drugbank.com/drugs/DB13997
https://go.drugbank.com/drugs/DB13997
https://go.drugbank.com/drugs/DB14582
https://go.drugbank.com/drugs/DB14582
https://drugs.ncats.io/drug/4T36H88UA7
https://drugs.ncats.io/drug/913P6LK81M
https://drugs.ncats.io/drug/ISP4442I3Y
https://go.drugbank.com/drugs/DB14041
https://go.drugbank.com/drugs/DB14041
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MIGALASTAT 

2018 

“Although it might appear counterintuitive, 

substrate analogues (glycomimetics) behav-

ing as competitive glycosidase inhibitors are 

good candidates to perform PC tasks. […] 

In 1995, Okumiya et al. reported that galac-

tose restores FD-associated mutant acid α-ga-

lactosidase (α-Gal A) activity. Subsequently, 

Fan et al. discovered that the iminosugar gly-

comimetic 1-deoxygalactonojirimycin, a po-

tent inhibitor of α-Gal A, restores the intra-

cellular activity of mutant α-Gal A in cultured 

lymphoblasts from human hemizygous Fabry 

patients with the R301Q or Q279E muta-

tions(699).” 

CALASPARGASE PEGOL 

2018 

“conjugate of L-asparaginase (L-asparagine 

amidohydrolase) and monomethoxypolyeth-

ylene glycol (mPEG) with a succinimidyl 

carbonate (SC) linker to create a stable mole-

cule which increases the half-life and de-

creases the dosing frequency(2)” 

ENCORAFENIB 

2018 

Analogue of dabrafenib 

ELAPEGADEMASE 

2018 

“Elapegademase is a PEGylated recombinant 

adenosine deaminase. It can be defined mo-

lecularly as a genetically modified bovine 

adenosine deaminase with a modification in 

cysteine 74 for serine and with about 13 

methoxy polyethylene glycol chains bound 

via carbonyl group in alanine and lysine resi-

dues(2).” 

GLASDEGIB 

2018 

Analogue of vismodegib 

REVEFENACIN 

2018 

Analogue of tiotropium(700) 

ZANUBRUTINIB 

2019 

Analogue of ibrutinib 

CAPLACIZUMAB 

2019 

https://drugs.ncats.io/drug/C4XNY919FW
https://go.drugbank.com/drugs/DB14730
https://go.drugbank.com/drugs/DB14730
https://drugs.ncats.io/drug/8L7891MRB6
https://go.drugbank.com/drugs/DB14712
https://go.drugbank.com/drugs/DB14712
https://drugs.ncats.io/drug/K673DMO5H9
https://drugs.ncats.io/drug/G2AE2VE07O
https://go.drugbank.com/drugs/DB15035
https://go.drugbank.com/drugs/DB06081
https://go.drugbank.com/drugs/DB06081
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Monoclonal Antibody 

BREMELANOTIDE 

2019 

From the discoverer(s): 

“There was for several decades a knowledge 

that a MC probably regulated some aspect of 

sexual function in animals, but not humans. 

There never was any evidence that MSH or 

ACTH (corticotropin) played a role in repro-

ductive physiology when administered sys-

temically in animals. But 

when delivered directly into the third ventri-

cle of the brain of animals, sexual behaviors 

were elicited suggesting that a MC might act 

within the central nervous system (CNS) to 

control sexual function. A role for a MC in 

human reproductive function provides an in-

teresting story which emphasizes the old ad-

age that ‘Chance favors the prepared mind’ 

[…] 

Around 1984, in collaboration with Victor 

Hruby and his students, we synthesized and 

biologically characterized some super potent 

melanotropic peptides. One of these [Nle4, 

DPhe7]-substituted MCs, referred to as Mel-

anotan I (MTI), was licensed for commercial-

ization as a tanning agent. This MC is well on 

its way toward development for use as a po-

tential ‘therapeutic tan,’ a ‘tan from inside-

out,’ with minimal need for prolonged sun 

exposure 

During the development of MTI, I served as 

a proverbial ‘human pincushion’ (a.k.a., 

guinea pig), that is, I tested the efficacy of the 

peptide to produce a tan on myself. Therein 

lies a very interesting story. Our group of 

University investigators prepared and charac-

terized some fragment [Nle4, DPhe7]-substi-

tuted MC analogs that proved to be as potent 

as MTI, even though structurally only half 

the size (seven amino acids) of the parent an-

alog. In addition, the melanotropin,MTII,Ac-

Nle-c[Asp,HisDPhe,Arg,Trp,Lys]-NH 2 , 

was conformationally restrained by a lactam 

bridge to provide a cyclic structure of in-

creased lipophilicity. The smaller molecule is 

just as active as the larger MTI; it is cheaper 

to synthesize and might gain access more 

readily into the body. Based upon these and 

other considerations, a sterile preparation 

was provided for injection to determine its 

tanning potential. 

One mistake in my deliberations was made, 

however. MTI had previously been adminis-

tered at a dose as high as 10mg without phys-

iological consequences (other than tanning). 

I forgot, however, that MTII was only about 

half the molecular weight of MTI. Therefore, 

when I took an equivalent (10mg) dose of 

MTII, I inadvertently received about twice 

the number of molecules of the peptide. Un-

like MTI, however, MTII caused a rather im-

mediate, unexpected response: nausea and, to 

my great surprise, an erection (no figure pro-

vided). While I lay in bed with an emesis pan 

close by, I had an unrelenting erection (about 

8h duration) which could not be subdued 

even with a cold pack. When my wife came 

upon the scene, she proclaimed that I ‘must 

be crazy.’ In response, I raised my arm feebly 

into the air and answered, ‘I think we may be-

come rich.’ 

Realizing the importance of the observation, 

I was determined to find out what a lower 

dose of MTII might do. So several days later, 

I used half (5mg) of the previous dose. This 

again elicited an immediate erection which, 

however, only lasted about 5h with somewhat 

less nausea. Again, at a later date, I cut the 

dose in half (2.5mg), and this resulted in an 

erection of only 2–3h duration, with only 

minimal nausea. I now knew I was on the 

right track. So when I administered about half 

the previous dose (1.25mg) there was no nau-

sea 

and only a feeble wobble, a response which, 

however, could be rather easily coaxed to a 

full erectile response following a few erotic 

https://drugs.ncats.io/drug/6Y24O4F92S
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reflections. Further experimentation demon-

strated that a dose of about 1.5–2.0mg of 

MTII invariably induced a full erection with-

out much conscious effort in myself and other 

volunteers(701).” 

ISTRADEFYLLINE 

2019 

From the discovery paper: 

“Methylxanthines such as theophylline and 

caffeine have been well-known to enhance 

locomotor activity and the stimulant effects 

are related, at least in part, to their ability to 

block adenosine receptors. […] 

We have reported that 1,3,7-trialkylxanthine 

derivatives substituted with (E)-styryl groups 

at the 8-position act as selective A2A antago-

nists in vitro. Oral administration of 

KF17837, a highly selective A2A antagonist, 

ameliorated the cataleptic response induced 

by dopamine D1/D2 antagonist (haloperidol). 

In this study, structure-activity relationships 

of 8-styrylxanthines were explored by vary-

ing substituents on the phenyl ring and the 1- 

and 3-positions of the xanthine moiety to op-

timize in vivo efficacy. […] 

The ED50 values of inhibitory activity on 

haloperidol-induced catalepsy are also 

presented in the Table. Two or three substitu-

tion of the phenyl moiety with methoxy or 

methyl at 2,3,4-, 3,4,5- and 3,4-position was 

found to be favored for in vivo activity. Sur-

prisingly, diethyl substitution at the 1- and 3-

position dramatically potentiated the anti-cat-

aleptic activity without exception(702).” 

DAROLUTAMIDE 

2019 

Analogue of bicalutamide 

ENTRECTINIB 

2019 

Analogue of crizotinib 

ROMOSOZUMAB 

2019 

Monoclonal Antibody 

https://drugs.ncats.io/drug/2GZ0LIK7T4
https://drugs.ncats.io/drug/X05U0N2RCO
https://drugs.ncats.io/drug/L5ORF0AN1I
https://go.drugbank.com/drugs/DB11866
https://go.drugbank.com/drugs/DB11866
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SELINEXOR 

2019 

= KPT-330 

From the discovery paper: 

“Novel selective inhibitors of nuclear export 

(SINE) targeting XPO1 are being explored as 

potential therapeutic approaches for treat-

ment of malignancy. Indeed, XPO1 levels are 

often elevated in tumors when compared with 

non-malignant cells of the same lineage, in-

cluding pancreatic cancer, glioma, and cervi-

cal cancer. Importantly, elevated XPO1 ex-

pression is generally correlated with poor 

prognosis in these cancers, as well as in os-

terosarcoma and ovarian cancer. It is thought 

that XPO1 may support the malignant pheno-

type by promoting the export of TSP and 

GRP out of the nucleus. The non-drug-like, 

natural product leptomycin B (LMB) has 

been used to potently inhibit XPO1 function 

and induce anti-proliferative activity in a 

range of tumor cell lines, including mela-

noma. This compound is a potent, fully irre-

versible inhibitor of XPO1 with a novel 

mechanism of action. However, due to a very 

poor therapeutic window in animals and 

dose-limiting emesis, diarrhea and asthenia 

with lack of therapeutic efficacy observed in 

a phase I clinical trial of intravenous LMB, 

no further trials were conducted using this 

toxic agent. […] 

In the present study, we demonstrated that 

XPO1 expression was elevated in patient pri-

mary and metastatic melanomas as compared 

to nevi. Therefore we hypothesized that inhi-

bition of XPO1 in human melanoma cells 

would induce nuclear retention of key pro-

teins that promote tumor suppressive path-

ways and inhibit melanoma cell viability. 

Treatment of the cells was associated with in-

creased nuclear retention of TP53 and 

pMAPK, cell cycle arrest, and apoptosis. We 

utilized a novel platform of SINE compounds 

that demonstrated significant anti-tumor 

activity both in vitro and using in vivo xeno-

graft models of melanoma. […] 

Selective Inhibitor of Nuclear Export (SINE) 

compounds, a family of small drug-like mol-

ecules, were provided by Karyopharm Ther-

apeutics, Inc. (Natick, MA). SINE com-

pounds show extremely high selectivity for 

blocking XPO1 without any significant ef-

fects in standard protein screens (including 

other cysteine-active kinases, caspases and 

other enzymes), cytochrome P450s, or the 

hERG ion channel (personal communication, 

Karyopharm Therapeutics, Inc.). KPT-185 or 

the 10-100X less active (as an XPO1 inhibi-

tor) trans-isomer (KPT-185-trans) were re-

suspended in DMSO at stock concentrations 

of 15.48 mM and 12.66 mM respectively. 

KPT-276 and KPT-330 were resuspended in 

DMSO at stock concentrations of 18.77 mM 

or 18.05 mM respectively(703).” 

The assays used in the discovery paper(703): 

✓ Growth inhibition and apoptosis in a 

panel of human melanoma cell lines 

(A375, Hs294t, FO-1, Wm1366, CHL-1) 

and three normal human melanocyte cell 

lines (HEM-l, HEMn-MP, HEMn-DP). 

✓ Cell cycle assay 

✓ Subcellular fractionation assay 

✓ Melanoma murine tumor model 

Discovery of leptomycin B, mentioned in the 

previous quotation: 

“In the course of a screening program for sub-

stances which cause abnormal morphology 

on the growth of various fungi, Streptomyces 

sp. ATS1287 was found to produce sub-

stances which caused cell elongation of the 

fission yeast, Schizosaccharomyces pombe 

and hyphal swelling or curling of Mucor rac-

emosus and Mucor rouxianus. 

This strain was found to produce two active 

substances, named leptomycin A and B (for-

merly called ATS1287 A and B). […] 

https://drugs.ncats.io/drug/31TZ62FO8F
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The leptomycin-producing strain was iso-

lated from a soil sample collected in Ja-

pan(704).” 

PRETOMANID 

2019 

From the discovery paper: 

“A series of bicyclic nitroimidazofurans, 

originally investigated as radiosensitizers for 

use in cancer chemotherapy, were found to 

possess activity against cultured replicating 

M. tuberculosis (MTB) and had significant in 

vivo activity in a murine infection model. The 

lead compound in this series, CGI-17341 was 

mutagenic, discouraging further investiga-

tion of the antibacterial activity of the com-

pound series. These studies suggested, how-

ever, that the bicyclic nitroimidazoles might 

be potential antitubercular agents. A series of 

328 3-substituted nitroimidazopyrans 

(NAPs) were synthesized on the basis of the 

structure of CGI-17341. Over 100 of these 

compounds possessed substantial antituber-

cular activity, matching or exceeding that of 

CGI-17341. The active compounds lacked 

the mutagenicity previously associated with 

bicyclic nitroimidazoles. Structure activity 

relationship studies focusing on antitubercu-

lar activity revealed substantial variety in the 

tolerated substituents at C3, but optimal ac-

tivity was achieved with lipophilic groups. 

The stereochemistry at C3 was important for 

activity, as the S enantiomers were generally 

at least 10-fold more active than the R enan-

tiomers. NAP activity was found to be highly 

specific for the MTB complex, and showed 

only modest or no activity against mycobac-

teria outside the MTB complex (M. avium, 

M. smegmatis, M. chelonae and M. fortui-

tum)(705).” 

CRIZANLIZUMAB 

2019 

Monoclonal Antibody 

ESKETAMINE HYDROCHLORIDE 

2019 

Enantiopure ketamine 

RELEBACTAM MONOHYDRATE 

2019 

Analogue of avibactam(2) 

UPADACITINIB 

2019 

Analogue of ruxolitinib 

FEDRATINIB HYDROCHLORIDE 

2019 

Analogue of ruxolitinib 

GIVOSIRAN SODIUM 

https://drugs.ncats.io/drug/2XOI31YC4N
https://go.drugbank.com/drugs/DB15271
https://go.drugbank.com/drugs/DB15271
https://drugs.ncats.io/drug/L8P1H35P2Z
https://drugs.ncats.io/drug/Y1MYA2UHFL
https://drugs.ncats.io/drug/4RA0KN46E0
https://drugs.ncats.io/drug/UH9J2HBQWJ
https://go.drugbank.com/drugs/DB15066
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2019 

Antisense oligonucleotide 

UBROGEPANT 

2019 

“The experiments that clearly showed the re-

lationship between the trigeminovascular 

system and CGRP were performed in cats 

and humans. The former received electrical 

stimulation of the trigeminal ganglion, 

whereas thermocoagulation to treat trigemi-

nal neuralgia was studied in humans. In both 

cases, CGRP levels, measured in the external 

jugular vein, were elevated. The first studies 

that confirmed the importance of CGRP in 

migraine date from the early 1990s. Simi-

larly, blood from the external jugular vein 

was obtained during the occurrence of a mi-

graine attack showing increased CGRP. In-

terestingly, treatment of migraine attacks 

with migraine-specific acute medications, su-

matriptan or dihydroergotamine, was capable 

of antagonizing this effect. The role of CGRP 

in migraine was reinforced in a placebo-con-

trolled study in migraineurs. The infusion of 

CGRP, 2 mg/min for 20 minutes, led to head-

ache in all participants and the headache on-

set was immediate in the majority (8/9). Ini-

tially, only C-terminal fragments of the pep-

tide, such as CGRP(8–37), were available to 

act as antagonists and were not suitable for in 

vivo investigations. In 2000, the first CGRP 

receptor antagonist was developed. 

The only CGRP receptor monoclonal anti-

body, erenumab, has shown efficacy in the 

preventive treatment of episodic and chronic 

migraine. Erenumab has also shown efficacy 

in patients who were refractory to up to four 

headache preventives and in patients with 

medication overuse. […] 

Ubrogepant is (3’S)-N-((3S,5S,6R)-6-me-

thyl-2-oxo-5-phenyl-1-(2,2,2- trifluoro-

ethyl)piperidin-3-yl)-2’-oxo-1’,2’,5,7-tetra-

hydrospiro[cyclopenta[b]pyridine-6,3’-pyr-

rolo[2,3- b]pyridine]-3-carboxamide. It was 

developed to avoid the hepatotoxicity of its 

predecessors, telcagepant and MK-3207. 

Ubrogepant is highly selective and its affinity 

at the human CGRP receptor showed a mean 

Ki of 0.067 ± 0.04nM in SK-N-MC cells. The 

IC50 was 0.08 nM and the pKi was 

10.2(706).” 

LUMATEPERONE TOSYLATE 

2019 

Analogue of haloperidol 

RISANKIZUMAB 

2019 

Monoclonal Antibody 

GOLODIRSEN 

2019 

Antisense oligonucleotide 

https://drugs.ncats.io/drug/AD0O8X2QJR
https://drugs.ncats.io/drug/JIE88N006O
https://go.drugbank.com/drugs/DB15593
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VOXELOTOR 

2019 

From the discovery paper: 

“Sickle cell disease (SCD) is caused by a sin-

gle mutation in the β chain of hemoglobin 

(Hb) where a hydrophilic βGlu6 has been ex-

changed for a hydrophobic βVal6. Under low 

oxygen conditions the mutant hemoglobin 

(HbS) polymerizes via the mutated βVal6 

from one Hb tetramer and a hydrophobic cav-

ity formed by β1Ala70, β1Phe85, and 

β1Leu88 from a laterally located Hb te-

tramer. These polymers result in the red 

blood cell (RBC) losing its deformability 

properties and taking on a sickle-like shape. 

[…] 

An approach to therapy would be to maintain 

the HbS in the oxygenated state, as polymer-

ization occurs only in the deoxygenated state 

under hypoxic conditions. The natural prod-

uct, 5-hydroxymethylfurfural (5HMF), was 

shown to bind to HbS via a reversible Schiff-

base linkage to the N-terminal valine of the α 

chain, and thereby prevent polymerization by 

inducing an allosteric conformational change 

that increases the oxygen affinity of the HbS. 

More potent synthetic aldehyde analogues of 

5HMF such as BW12C79 and Tucaresol 

were developed earlier and shown clinically 

to reduce hemolysis when 20−30% of the 

HbS is modified. Neither BW12C79 nor Tu-

caresol was developed further although 

5HMF is reported to be in a clinical trial. […] 

we elected to study further analogues bearing 

a bicyclicaromatic B-ring. […] 

As our hypothesis was that compounds that 

improved the affinity of HbS for oxygen 

should prevent polymerization when HbS is 

subjected to hypoxic conditions, we devel-

oped a polymerization assay to confirm activ-

ity of the most potent compounds identified 

in the whole blood assay(707).” 

From the paper cited in the previous quota-

tion regarding the discovery of the natural 

lead structure, 5HMF: 

“This hypothesis has proven to be viable, as 

two Compounds-vanillin and 12C79 that 

shift the allosteric equilibrium to the high-af-

finity Hb-have shown antisickling properties. 

[…] 

In the current studies, we combined the use 

of aldehydic covalent modifiers of Hb with 

our knowledge of the molecular regulation of 

the allosteric equilibrium to produce potent 

antisickling compounds that should be clini-

cally safe. Specifically, we examined 5-

hydoxy-methyl-2-furfural (5HMF) and sev-

eral of its analogues, including furfural 

(FUF), 5-methyl-2-furfural (5MF), and 5-

ethyl-2-furfural (5EF) for their anti-sickling 

potencies. These compounds significantly 

shift the allosteric equilibrium to the high-af-

finity Hb and also act as potent inhibitors of 

SS cells sickling. In fact, one of the com-

pounds, 5HMF, was about 3.5 times more po-

tent than vanillin in inhibiting the sickling of 

SS cells. […] 

Vanillin is clinically tested for SCD therapy 

and was studied with the examined heterocy-

clic aldehydes, also referred to as furanic 

compounds. We have also previously pub-

lished detailed functional and antisickling 

properties of vanillin(708).” 

Used assays(708): 

✓ Oxygen Equilibrium Studies with Nor-

mal Whole Blood 

✓ Oxygen Equilibrium Studies with Ho-

mozygous Sickle Red Blood Cells 

✓ Transport through Homozygous Sickle 

Red Blood Cells Membrane and Reac-

tion with HbS 

✓ Antisickling Studies with Homozygous 

Sickle Red Blood Cells 

✓ The Effect of Compounds on Homozy-

gous Sickle Red Blood Cells Size 

 

https://drugs.ncats.io/drug/3ZO554A4Q8
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ERDAFITINIB 

2019 

From the discoverer(s): 

“In 2006, at the time of the collaboration ini-

tiation between NICR and Astex, most FGFR 

inhibitors in clinical development also inhib-

ited VEGFR2, and VEGFR2 inhibition was 

believed to be linked to hypertension, limit-

ing the ability to reach the exposure required 

for therapeutic inhibition of the FGFR path-

way during dose escalation. Based on this hy-

pothesis, a fragment-based drug discovery 

screen was initiated with the goal of identify-

ing novel and selective FGFR inhibitors. In 

early 2008, a fragment-based screening ap-

proach followed by combined exploratory 

chemistry had led to the identification of 

highly potent and selective FGFR inhibitors 

from an imidazopyridine series. The com-

pounds from this imidazopyridine series 

showed promising oral, in vivo efficacy 

against a range of FGFR-dependent human 

xenograft tumour models and unlike non-se-

lective inhibitors, showed absence of activity 

against FGFR-independent xenografts mod-

els, demonstrating the FGFR selectivity of 

these compounds. In June 2008, Astex initi-

ated a collaboration with Janssen Pharmaceu-

tica and while extensive lead optimisation ef-

forts were applied to this series, it was also 

decided to investigate other chemical series. 

Fortunately, quinoxaline fragments were pre-

viously identified and through virtual screen-

ing efforts based on their crystal structures 

with FGFR1, a related analogue, compound 

3, was identified. Compound 3 showed 

FGFR activity and selectivity against 

VEGFR2. Replacement of the benzyl group 

in compound 3 by an aniline led to a 30-fold 

improvement in potency. Superposition of 

the crystal structure of compound 4 and that 

of the earlier imidazopyridine series inspired 

further substitutions of the aniline which led 

to increased affinity and favourable physico-

chemical and pharmacokinetic properties. 

Collaborative lead optimisation culminated 

in the synthesis of compound 5 (erdafitinib) 

which was extensively characterized by both 

teams and advanced by Janssen into clinical 

development(709).” 

CEFIDEROCOL 

2019 

Analogue of cefalexin 

TRIFAROTENE 

2019 

Analogue of adapalene 

BROLUCIZUMAB 

2019 

Monoclonal Antibody 

https://drugs.ncats.io/drug/890E37NHMV
https://go.drugbank.com/drugs/DB14879
https://go.drugbank.com/drugs/DB14879
https://drugs.ncats.io/drug/0J8RN2W0HK
https://go.drugbank.com/drugs/DB14864
https://go.drugbank.com/drugs/DB14864
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TAFAMIDIS 

2019 

From the discoverer(s): 

“Transthyretin (TTR) is one of the many pro-

teins that are known to misfold and aggregate 

(i.e., undergo amyloidogenesis) […] 

The TTR amyloidoses associated with point 

mutations in the TTR gene include familial 

amyloid polyneuropathy (FAP) 

We envisioned that small molecule binding 

to one or both of the T4 binding sites should 

stabilize the AB/CD dimer-dimer interface in 

the dissociative transition state by simultane-

ously interacting with the A and C and/or B 

and D subunits across the weaker dimer–di-

mer interface of the tetramer, analogous to 

the hydrophobic bridging interactions ena-

bled the T119M mutation. The human ge-

netic data mentioned above along with the 

corresponding biochemistry strengthened our 

resolve to discover small molecules that 

could bind to the normally unoccupied TTR 

T4 binding sites in blood and prevent amyloi-

dogenesis through kinetic stabilization of the 

TTR tetramer. This pharmacologic principle 

was first demonstrated with T4, a natural TTR 

ligand, and 2,4,6-triiodophenol, when it was 

found that they inhibited TTR amyloidogen-

esis. This proof-of-principle experiment jus-

tified a robust screening and structure-based 

drug design program to find small molecule 

TTR ligands that bind tightly and selectively 

to TTR, kinetically stabilizing the native, 

non-amyloidogenic quaternary struc-

ture(710).” 

From the discovery paper: 

“A previously developed fibril-formation as-

say was used as the first screen. wtTTR was 

incubated for 30 min with a test compound. 

Since at least one molecule of the test com-

pound must bind to each molecule of TTR te-

tramer to be able to stabilize it, a test com-

pound concentration of 7.2 mm is only twice 

the minimum effective concentration. […] 

The 11 most-active compounds were then 

evaluated for their ability to bind selectively 

to TTR over all other proteins in the blood. 

Human blood plasma was incubated for 24 h 

with the test compound at 37ºC. The TTR and 

any bound inhibitor were immunoprecipi-

tated using a sepharose-bound polyclonal 

TTR antibody. The TTR with or without 

bound inhibitor was liberated from the resin 

at high pH value, and the inhibitor:TTR stoi-

chiometry was ascertained by HPLC analy-

sis. Benzoxazoles with carboxylic acids in 

the 5- or 6-position, and 2,6-dichlorophenyl 

or 2-trifluoromethylphenyl substituents at the 

2-position displayed the highest binding stoi-

chiometries. In particular, exhibited excellent 

inhibitory activity and binding selectiv-

ity(711).” 

SOLRIAMFETOL HYDROCHLORIDE 

2019 

Analogue of epinephrine, dopamine and 

modafinil 

LEVAMLODIPINE 

2019 

Enantiopure amlodipine 

https://drugs.ncats.io/drug/8FG9H9D31J
https://drugs.ncats.io/drug/K7RO88SP7A
https://drugs.ncats.io/drug/0P6NLP6806
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AFAMELANOTIDE 

2019 

Analogue of the endogenous alpha melano-

cyte-stimulating hormone(2) 

Global Similarity: 0.994 

From the discovery paper: 

“We report here the synthesis of [Nle4, D-

Phe7]-α-MSH and present data demonstrating 

its unique biological properties. […] 

Frog-Skin Bioassay. The α-MSH analogues 

were compared with respect to their ability to 

stimulate melanosome dispersion in vitro us-

ing the frog (Rana pipiens) skin bioassay 

Tyrosinase Activity. Cloudman S-91 NCTC 

3960 melanoma cells were obtained […] the 

tyrosinase activity of the melanoma cells was 

determined by assaying for the 3H20 released 

from the [3H]tyrosine by the action of tyrosi-

nase. 

Adenylate Cyclase Activity. Adenylate 

cyclase activity of the particulate membrane 

fraction isolated from Cloudin S-91 mouse 

melanoma tumors was determined by assay-

ing [α-32P]ATP conversion to 

[32P]cAMP(712).” 

From the discoverer(s): 

“The amino acid residues that are important 

to the biological activity of α-melanottopin 

have been elucidated by systematic structure-

function studies of α-MSH, α-MSH frag-

ments, and related analogs on amphibian 

melanophores and, more recently, on mam-

malian melanoma cells(713).” 

SIPONIMOD 

2019 

Analogue of fingolimod 

BREXANOLONE 

2019 

Analogue and one of the metabolites of pro-

gesterone 

“In 1985 Dalton surveyed the effects of pro-

gesterone in 100 women who had previously 

suffered postnatal depression. A further sur-

vey of 181 women was conducted in 1989. 

The recurrence rate in both surveys was less 

than 10%. This compares with a postnatal de-

pression recurrence rate of 68% in a historic 

control group of 221 women with a history of 

postnatal depression(714).” 

LUSPATERCEPT 

2019 

“Luspatercept is a recombinant fusion protein 

comprised of a modified extracellular domain 

of activin receptor type IIB fused to the FC 

domain of human IgG1(2).” 

BRILLIANT BLUE G 

https://drugs.ncats.io/drug/QW68W3J66U
https://drugs.ncats.io/drug/RR6P8L282I
https://drugs.ncats.io/drug/S39XZ5QV8Y
https://go.drugbank.com/drugs/DB12281
https://drugs.ncats.io/drug/M1ZRX790SI
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2019 

Dye 

PITOLISANT 

2019 

From the discoverer(s): 

“The third histamine receptor was discovered 

in 1983 by a traditional pharmacological ap-

proach, consisting of assessing the inhibitory 

effect of histamine on its own release from 

depolarized rat brain slices. The same in 

vitro test was used to design, in 1987, the first 

highly selective and potent H3-autoreceptor 

ligands, the antagonist thioperamide and the 

agonist (R)alphamethylhistamine which en-

hances and inhibits, respectively, the activity 

of histaminergic neurons in brain(715).” 

“Initially the compounds were tested in vitro 

and in vivo. The in vitro procedure measured 

the release of tritiated histamine from synap-

tosomes prepared from rat cerebral cortex. 

The synaptosomes were first incubated with 

[3H]L-histidine at 37ºC and then washed ex-

tensively before being resuspended in fresh 

K+ Krebs–Ringer medium in the presence of 

the test drug. […] 

For the in vivo test, the compounds were 

given orally to male Swiss mice as described 

in. Brain histaminergic neuronal activity was 

assessed by determination of the main metab-

olite of histamine, N-tele-methylhistamine. 

After being fasted for 24h, mice were given 

the test compound orally and were sacrificed 

90min later. The brain was then isolated and 

homogenized. The N-tele-methylhistamine 

level was determined by radioimmunoassay. 

The ED50 value is expressed as mean ± SEM 

and is related to the maximal increase given 

by 3mgkg-1 of ciproxifan. […] 

The research leading to the discovery of pi-

tolisant was conducted in the era using clas-

sical pharmacology and in vivo screening of 

compounds, before the availability of the hu-

man or rat recombinant receptor. However in 

1999, the human H3 receptor was cloned by 

Lovenberg and colleagues in Johnson & 

Johnson Laboratories, San Diego, California. 

Later, the disclosure of the sequence of the 

human H3 receptor allowed many pharma-

ceutical companies to enter the field, and they 

set up high throughput screens using com-

pound libraries to seek other non-imidazole 

H3-receptor antagonists. Many such leads 

were obtained and have generated several 

compounds in development. At the time of 

writing, however, no compound is yet on the 

market(716).” 

DIROXIMEL FUMARATE 

2019 

Analogue of dimethyl fumarate(2) 

TRICLABENDAZOLE 

2019 

Analogue of mebendazole 

ENFORTUMAB VEDOTIN 

2019 

“Enfortumab vedotin is an antibody-drug 

conjugate comprised of multiple compo-

nents. It contains a fully human monoclonal 

antibody directed against Nectin-4, an 

https://drugs.ncats.io/drug/4BC83L4PIY
https://drugs.ncats.io/drug/K0N0Z40J3W
https://drugs.ncats.io/drug/4784C8E03O
https://go.drugbank.com/drugs/DB13007
https://go.drugbank.com/drugs/DB13007
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extracellular adhesion protein which is highly 

expressed in urothelial cancers, attached to a 

chemotherapeutic microtubule-disrupting 

agent, monomethyl auristatin E (MMAE). 

These two components are joined via a pro-

tease-cleavable linker(2).” 

See the discovery of monomethyl auristatin E 

in the polatuzumab vedotin entry. 

LEFAMULIN ACETATE 

2019 

“In 1951, the first reference to the antibacte-

rial substance pleuromutilin was made in a 

paper published in the Proceedings of the Na-

tional Academy of Sciences. Researchers had 

identified several species of the mold genus 

Pleurotus that inhibited the growth of Staph-

ylococcus aureus. […] 

In the early 1960s, the research groups of 

Arigoni 

and Birch had elucidated the structure and 

provided first insights into the biosynthesis. 

Around this time, Brandl and Knauseder 

from Biochemie, Kundl, Austria, reisolated 

pleuromutilin from a culture of Clitopilus 

passeckeranius and found that the substance 

was not only active against penicillin and 

streptomycin-resistant staphylococci, but 

also highly active against Mycoplasma spp. 

[…] In an attempt to further improve the an-

timicrobial activity, a series of new deriva-

tives was synthesized between 1963 and 

1966, with a strong focus on variations in the 

C(14) side chain. Already at that time, it was 

recognized that the number of functional 

groups was small, which led to the consider-

ation that an ‘activation’ of the molecule via 

sulfonic acid esters at the C(14) atom would 

give the best opportunities for numerous ex-

change reactions. Of the derivatives gener-

ated, the mutilin esters of substituted thiogly-

colic acids demonstrated superior minimum 

inhibitory concentration (MIC) values. Fur-

ther alterations within this group led to the 

development of the first veterinary 

pleuromutilin, tiamulin (81.723 hfu), which 

was approved in 1979(717).” 

From the 1951 discovery paper of pleuromu-

tilin cited in the previous quotation: 

“Several species of the genus Pleurotus have 

been found in this laboratory to form sub-

stances inhibitory for Staphylococcus aureus. 

Among these were two species, Pleurotus 

mutilus (Fr.) Sacc. and P. Passeckerianus Pi-

lat, obtained from the Centraalbureau voor 

Schimmelcultures at Baarn. An antibacterial 

substance formed by these fungi was isolated 

in crystalline form from culture liquids; it 

was named pleuromutilin. 

P. mutilus grown on corn-steep, thiamine-

peptone, or potato-dextrose agars for two 

days and tested by the streak-method, mark-

edly inhibited Staphylococcus aureus, inhib-

ited incompletely Mycobacterium smegma, 

and had no effect on Escherichia coli. Agar 

disks cut from colonies 10 days old formed 

inhibition zones 20 mm. in diameter with S. 

aureus and a small zone of incomplete inhi-

bition with M. smegma. P. Passeckerianus 

produced similar zones of inhibition(554).” 

ALPELISIB 

2019 

Analogue of idelalisib 

https://drugs.ncats.io/drug/HDN0B924X4
https://drugs.ncats.io/drug/08W5N2C97Q
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CENOBAMATE 

2019 

From the patent: 

“The present invention is directed to neuro-

therapeutic azole compounds containing a 

carbamoyl group which are useful as anticon-

vulsant agents. 

Background Art 

Many reports have disclosed that arylalkyl 

azole compounds are effectively used as an-

ticonvulsant, antimicrobial and hypoglyce-

mic agents. One of the structurally distinct 

classes of antiepileptic drugs is the (ar-

ylalkyl) imidazoles. 

J. Med. Chem., 24, 67 (1981) and J. Med. 

Chem., 24, 727 (1981) disclose Nafimidone 

(2-(lH-imidazole-l-yl)-l-(2-naphthalenyl)eth-

anone) and denzimol (α-(4-(2-phe-

nylethyl)phenyl)-lH-imidazole-l-ethanol) are 

two independently discovered representa-

tives of this group and protect mice and rats 

against maximal electroshock- or pentylene-

tetrazole-induced tonic seizures but do not 

antagonize clonic seizures induced by pen-

tylenetetrazole, strychnine, bicuculline, or 

picrotoxin. These indicated that denzimol 

and nafimidone possess a profile of activity 

similar to that of phenytoin or carbamazepine 

but distinct from those of barbiturates or 

valproic acid(718).” 

From the discovery paper of nafimidone, 

cited in the previous quotation: 

“The new naphthalene compound 42, pre-

pared in connection with our interest in imid-

azole-containing antifungal agents, was sub-

mitted to pharmacological screening in the 

mouse based on its structural resemblance to 

phenethylamines. Following the finding of 

anticonvulsant activity, and in view of the 

clearly expressed need for more selective and 

less toxic anticonvulsant drugs, we initiated a 

synthetic program based on this lead. A series 

of analogues of 42 was prepared and 

evaluated for anticonvulsant activity in the 

maximal electroshock assay, with the goal of 

identifying a compound with an enhanced 

therapeutic index relative to currently availa-

ble drugs(719).” 

From the discovery paper of denzimol cited 

in the first quotation of this entry: 

“A novel series of N-(benzoylalkyl)imidaz-

oles and N-(ω-phenyl-ω-hydroxyalkyl)imid-

azoles was synthesized and evaluated for an-

ticonvulsant activity in mice against maximal 

electroshock induced seizures. Some of the 

compounds showed an activity comparable to 

or better than phenytoin and phenobarbi-

tal(720).” 

PEXIDARTINIB 

2019 

Analogue of nilotinib 

“Pexidartinib or PLX3397 was first discov-

ered by Plexxikon Inc., the small molecule 

structure-guided research and development 

center of Daiichi Sankyo. Pexidartinib (brand 

name Turalio) is an orally bioavailable small-

molecule tyrosine kinase inhibitor that inhib-

its CSF-1R and gained Food and Drug Ad-

ministration (FDA) approval for the treat-

ment of TGCT in August 2019. Pexidartinib 

https://drugs.ncats.io/drug/P85X70RZWS
https://drugs.ncats.io/drug/6783M2LV5X
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was designed to stabilize CSF-1R in the auto-

inhibited state by interacting with the CSF-

1R juxtamembrane region, resulting in inac-

tivation of the kinase domain and prevention 

of CSF-1 and adeno-sine triphosphate (ATP) 

binding(721).” 

POLATUZUMAB VEDOTIN 

2019 

“Polatuzumab vedotin is a CD79b specific 

antibody conjugated to the antineoplastic 

agent monomethyl auristatin E(2).” 

Discovery of monomethyl auristatin E: 

Analogue of dolastatin 10 

From the discoverer(s) of dolastatin: 

“Certain marine animals were known to the 

ancients for their potent biological constitu-

ents and presumed use in primitive medicine. 

[…] 

In 1965-66, we began the first systematic 

study of marine invertebrates, vertebrates, 

and plants as a vast untapped resource for dis-

covery of promising new anticancer drugs 

with the presumed unprecedented structures 

necessary to improve human cancer treat-

ment. During the next four years, we evalu-

ated components from many such marine or-

ganisms from a broad geographic area that in-

cluded the Atlantic and Pacific coasts of 

North and South America and the coasts of 

Asia. Antineoplastic activity was assessed by 

use of the Walker 256 carcinoma (intramus-

cular) and both a lymphoid (L1210) and lym-

phocytic leukemia (PS) as developed at the 

U.S. National Cancer Institute. […] 

The great Roman natural scientist Pliny the 

Elder in his comprehensive study of about 60 

A.D. first described a most potent Indian 

Ocean sea hare of the genus Dolabella. Ex-

tracts from this animal and two related Ap-

lysia species from the Mediterranean were 

well known for their toxic properties during 

the reign of Nero. […] 

By 150 A.D. Nicander recognized the possi-

bility of using such extracts for treatment of 

certain diseases. In 1568 the French scholar 

Grevin described in vivid details the potency 

of extracts prepared from a sea hare pre-

sumed to be Dolabella auricularia. […] 

By October, 1972 our broad geographic ex-

ploratory survey of marine organisms for 

antineoplastic constituents had been ex-

tended to the Western Indian Ocean and con-

centrated in the region from Mauritius to 

South Africa. With the capable assistance of 

my marine zoologist colleague, Claude 

Michel, we were able to evaluate Mauritius 

specimens of the olive green Dolabella au-

ricularia. Against the U. S. National Cancer 

Institute’s P388 lymphocytic leukemia (PS 

system), ethanol extracts of D. auricularia 

gave 67 to 135% life extension at doses of 

176 to 600 mg/kg. In short, it was a very high 

priority lead and was pursued on that basis. 

[…] 

Because of the complexity of the bioassay-

guided (PS in vivo cell line) isolation of do-

lastatins 10-15, a summary has been out-

lined(722)” 

https://go.drugbank.com/drugs/DB12240
https://go.drugbank.com/drugs/DB12240
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TRASTUZUMAB DERUXTECAN 

2019 

“Trastuzumab deruxtecan is a HER-2 di-

rected antibody attached to a topoisomerase 

inhibitor that is approved for use in certain 

types of metastatic, unresectable breast can-

cer. It is classified as an antibody-drug con-

jugate. The cleavable peptide linker used to 

bind the antibody and drug in this product 

distinguishes it from other members of its 

class. Trastuzumab deruxtecan has been 

granted FDA approval for specific patients 

with HER-2 positive breast cancer who have 

failed other treatments(2).” 

The discovery of deruxtecan: 

Analogue of irinotecan (Comparison Algo-

rithm = 2) 

PRALSETINIB 

2020 

From the discovery paper: 

“A library of over 10,000 agnostically de-

signed kinase inhibitors with greater than 60 

chemical scaffolds and annotated versus the 

human kinome was interrogated to identify 

compounds with inhibitory activity against 

wild-type (WT) RET and oncogenic RET 

variants, while maintaining selectivity 

against other human kinases. Iterative medic-

inal chemistry optimization was performed 

with these initial compounds to improve RET 

potency, selectivity, and pharmaceutical 

properties, leading to the generation of BLU-

667. In biochemical assays, BLU-667 inhib-

ited the kinase activity of WT RET with sub-

nanomolar potency(723).” 

ARTESUNATE 

2020 

Analogue of artemisinin 

AMISULPRIDE 

2020 

Analogue of metoclopramide 

RELUGOLIX 

2020 

Analogue of elagolix 

LACTITOL 

2020 

“As a laxative agent, lactitol is minimally ab-

sorbed in the small intestine, and when it 

reaches the large intestine, it creates an os-

motic gradient that increases the water 

https://go.drugbank.com/drugs/DB14962
https://go.drugbank.com/drugs/DB14962
https://go.drugbank.com/drugs/DB15822
https://drugs.ncats.io/drug/60W3249T9M
https://drugs.ncats.io/drug/8110R61I4U
https://go.drugbank.com/drugs/DB11853
https://drugs.ncats.io/drug/L2B0WJF7ZY
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retention in the stool, enhancing its pas-

sage(724).” 

REMDESIVIR 

2020 

Analogue of cytarabine 

“As a starting point for discovery, a library of 

∼1000 small molecules focused around nu-

cleoside analogues was compiled, based on 

prior knowledge of effective antiviral com-

pounds targeting RNA viruses. Nucleosides 

are poorly cell-permeable (and therefore can 

have a low hit rate in cell-based screens such 

as antiviral screens), so modified nucleosides 

such as monophosphate, ester, and phospho-

ramidate prodrugs composed a significant 

portion of the library. Such prodrugs are typ-

ically more permeable and metabolized to 

liberate the nucleoside or phosphorylated nu-

cleoside within cells. While the data from the 

original full screen does not appear to have 

been disclosed, a 1′-CN modified adenosine 

C-nucleoside hit (GS-441524), along with a 

prodrug form of the monophosphate of GS-

441524 (GS-5734, later renamed as 

remdesivir), was found to be highly potent. 

GS-441524 and its S-acyl-2-thioethyl mono-

phosphate prodrug had previously been re-

ported in 2012 as potent leads from a series 

of 10-substituted 4-aza-7,9-dideazaadeno-

sine C-nucleosides, with broad activity 

against a panel of RNA viruses: yellow fever 

virus (YFV), Dengue virus type 2 (DENV-2), 

influenza A, parainfluenza 3, and SARS. The 

primary assay used was the cytoprotection ef-

fect (CPE) assay, in which live virus is incu-

bated with a target cell line and the antiviral 

activity is inferred by the ability of a test 

agent to rescue cell death, measured using a 

standard cell viability reagent(725).” 

TUCATINIB 

2020 

Analogue of lapatinib 

LEMBOREXANT 

2020 

Analogue of suvorexant 

TRIHEPTANOIN 

2020 

“Triheptanoin is a medium chain triglyceride 

indicated to provide calories and fatty acids 

to treat long chain fatty acid oxidation disor-

ders (lc-FAODs)(2).” 

TAFASITAMAB 

https://drugs.ncats.io/drug/3QKI37EEHE
https://drugs.ncats.io/drug/234248D0HH
https://drugs.ncats.io/drug/0K5743G68X
https://drugs.ncats.io/drug/2P6O7CFW5K
https://go.drugbank.com/drugs/DB15044
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2020 

Monoclonal Antibody 

BEMPEDOIC ACID 

2020 

From the discovery paper: 

“Systematic chemical modification of long-

chain hydrocarbons is one approach to iden-

tify novel lipid-regulating compounds for the 

treatment of human dyslipidemias. Over the 

last 30 years, a variety of compound classes 

have been identified that demonstrate activity 

in animal models of dyslipidemia. For exam-

ple, Parker and coworkers and McCune and 

Harris have described a series of alkyloxy-

arylcarboxylic acids, one of which, 5-

(tetradecyloxy)-2-furancarboxylic acid 

(TOFA), has been well studied. TOFA 

showed marked hypolipidemic activity in 

both rats and monkeys. Another series termed 

MEDICA (β,β′-methyl-α,ω-dicarboxylic ac-

ids) has been developed and extensively stud-

ied by Bar-Tana and coworkers. In particular, 

MEDICA 16 has been shown to possess hy-

polipidemic, anti-diabetic, and anti-athero-

sclerotic activity in relevant animal models. 

In work spanning many years, Berge, 

Bremer, and colleagues have described a se-

ries of 3-thia fatty acids that possess proper-

ties similar to those of MEDICA compounds 

when administered to animal models of 

dyslipidemia. In addition, Pill and coworkers 

described a series of ω-substituted alkyl car-

boxylic acids that showed insulin-sensitizing 

activity and lipid-regulating properties in ro-

dents. Finally, Bisgaier and coworkers de-

scribed a series of carboxyalkylethers with li-

pid-regulating activity, including HDL-cho-

lesterol (HDL-C) increase, in rats. One of the 

carboxyalkylethers, PD-72953, also known 

as CI-1027 or gemcabene, has been adminis-

tered to humans and shown to have effects on 

serum lipid levels. Currently, no consensus 

exists on the primary mechanism of action of 

long-chain hydrocarbon derivatives that 

eventually leads to the favorable lipid 

changes in humans or to the amelioration of 

metabolic derangements in animal models of 

dyslipidemia, diabetes, and obesity. Proposed 

primary mechanisms of action include altera-

tions in enzyme activities through allosteric 

or redox state changes and modulation of 

gene expression through the activation or in-

hibition of nuclear hormone receptors. 

Here, we describe a novel ω-hydroxy-al-

kanedicarboxylic acid, ESP 55016, that fa-

vorably alters serum lipid profiles in the 

Zucker rat, an animal model of diabetic 

dyslipidemia. Data from those studies led us 

to hypothesize that fatty acid oxidation was 

enhanced by ESP 55016. We have used both 

in vitro and in vivo models to test this hypoth-

esis while focusing our efforts on identifying 

the short-term (minutes to hours) metabolic 

changes induced by ESP 55016 with the goal 

of identifying the initial primary mecha-

nism(s) of action(726).” 

Reported assays(726): 

✓ Effect of ESP 55016 on fasting glucose, 

fasting insulin, and weight gain in the 

obese female Zucker rat 

✓ Effect of ESP 55016 on fatty acid oxida-

tion in primary rat hepatocytes 

✓ Effect of ESP 55016 on lipid synthesis in 

primary rat hepatocytes 

✓ Effect of ESP 55016 on lipid synthesis in 

vivo with [14C]acetate 

✓ Effect of ESP 55016 on [14C]mevalono-

lactone incorporation into sterols in vitro 

To further define the step(s) in the choles-

terol biosynthetic pathway that may be 

inhibited by ESP 55016, we measured 

sterol synthesis in primary rat hepato-

cytes with the radiolabeled metabolic 

tracer [14C]mevalonolactone. 

✓ Effect of ESP 55016 on [14C]mevalono-

lactone incorporation into sterols in vivo 

https://drugs.ncats.io/drug/1EJ6Z6Q368
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✓ Effect of ESP 55016 on the AMP-acti-

vated protein kinase (AMPK) pathway in 

primary rat hepatocytes 

ESP 55016 did not affect the phosphory-

lation states of either ACC or AMPK in 

treated hepatocytes 

✓ Conversion of ESP 55016 to its CoA de-

rivative 

Because phosphorylation of ACC did not 

appear to be responsible for reduced fatty 

acid synthesis in vitro, we tested whether 

ESP 55016 or intracellular metabolites of 

ESP 55016 might inhibit ACC directly. 

Some naturally occurring fatty acid-CoA 

molecules inhibit ACC. Therefore, our 

initial aim was to determine whether ESP 

55016 could be converted to a xenobi-

otic-CoA derivative using rat micro-

somes. 

✓ Effect of ESP 55016-CoA on ACC and 

HMG-CoA reductase activity in a cell-

free assay 

Mechanism of action is investigated after ob-

servation of the effect(726). 

From the study of Parker and coworkers, the 

oldest study cited in the first paragraph of the 

first quotation in this entry: 

“During our continued search for novel hypo-

lipidemic agents, we discovered that methyl 

p-dodecylbenzoyl-acetate (3) effectively 

lowered serum cholesterol and triglycerides 

in rats (cf. Table I). We also noted, however, 

that 3 caused an elevation of liver fat, partic-

ularly liver cholesterol, as well as liver 

weight. Further studies indicated that 3 and 

the corresponding benzoic acid 34 were in-

corporated to an appreciable degree into liver 

lipids of rats (triglycerides and cholesterol es-

ter). We subsequently prepared and evaluated 

a number of analogues to find an effective 

compound without these side effects. These 

compounds and their activities are listed in 

Tables I-V. 

Systematic exploration of the structure-activ-

ity relationships of these fatty acid-like al-

kyloxyarylcarboxylic acids led to the prepa-

ration and selection of 5-(tetradecyloxy)-2-

furancarboxylic acid (91, RMI 14 514) for 

extended biological studies. 

Experimental Section 

Biological Methods. […] At the end of the 

treatment period, the rats were bled by car-

diac puncture. Plasma cholesterol and tri-

glyceride levels were determined on the 

Technicon Auto Analizer. 

Livers were rapidly excised, blotted, and 

weighed at the end of the treatment period. 

[…] 

The data are expressed as percent reduction 

from control levels. Liver weight is expressed 

in g/100 g of final body weight, and liver cho-

lesterol concentration is expressed as mg/g of 

wet tissue(727).” 

AVAPRITINIB 

2020 

Analogue of lapatinib and nilotinib 

MARGETUXIMAB 

2020 

https://drugs.ncats.io/drug/513P80B4YJ
https://go.drugbank.com/drugs/DB14967
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Monoclonal Antibody 

FOSTEMSAVIR TROMETHAMINE 

2020 

From the discovery paper: 

“The discovery of 1 from a cell-based pheno-

typic screen as the initial member of a class 

of indole 3-glyoxamide derivatives that inter-

fered with the attachment of HIV-1 gp120 to 

the CD4 protein expressed on human T-cells 

has been described previously. […] Initial 

structure−activity relationship (SAR) studies 

were focused on optimizing indole-based 

AIs, but as the challenges of developing this 

class of molecule became apparent, these 

studies evolved to encompass molecules with 

azaindole and diazaindole core heterocycles. 

The SARs associated with 1 and the optimi-

zation process that led to the identification of 

the 6-azaindole derivative BMS-488043 (2) 

have been described in detail. […] 

While 2 was advancing into clinical trials, the 

search for inhibitors with superior profiles 

had continued uninterrupted […] In this re-

port, we describe the optimization and pre-

clinical profiling of the 4-methoxy-6-azain-

dole series which provided a path to the most 

promising analogs, leading to the synthesis 

and selection of 3 (BMS-626529, temasavir) 

as a clinical candidate and its ultimate formu-

lation as the phosphonooxymethyl prodrug 4 

(BMS-663068, fostemsavir). 

The HIV-1 inhibitory activity of test com-

pounds was determined using a pseudotype 

assay that relied upon an engineered virus in 

which the env gene was replaced with a fire-

fly luciferase gene to provide a convenient 

readout of the extent of virus infection, meas-

ured by luciferase activity 3 days after virus 

inoculation. To allow infection of host cells, 

either a JRFL (M-tropic, CCR5-specific) or 

LAI (T-tropic, CXCR-4-specific) virus enve-

lope was provided to the pseudovirus by 

transfection. […] The concentration of drug 

inhibiting 50% of virus infectivity (EC50 

value) was determined while the therapeutic 

index was assessed by determining the con-

centration at which the test drug was half-

maximally cytotoxic toward MT-2 cells 

(CC50 value) after 3 days of incubation, with 

2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-

2H-tetrazolium-5-carboxanilide (XTT) used 

as an indicator of cell respiration and viabil-

ity(728).” 

CAPMATINIB 

2020 

Analogue of ceritinib 

https://drugs.ncats.io/drug/2X513P36U0
https://drugs.ncats.io/drug/TY34L4F9OZ
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RISDIPLAM 

2020 

From the discovery paper: 

“Spinal muscular atrophy (SMA) 1 is an au-

tosomal recessive neuromuscular disorder 

characterized by the progressive loss of spi-

nal motor neurons leading to muscle weak-

ness. […] 

SMA is caused by a homozygous deletion or 

mutation of the survival of motor neuron 1 

(SMN1) gene on chromosome 5q (locus 

5q13) which encodes survival motor neuron 

protein (SMN), an essential protein for nor-

mal development and functional homeostasis 

in all species, expressed in both neuronal and 

non-neuronal cells. […] 

Our strategy to treat SMA has focused on the 

discovery and development of orally bioa-

vailable and brain penetrant small molecules 

that shift the outcome of SMN2 alternative 

splicing toward the production of full length 

SMN2 mRNA increasing functional SMN 

protein levels. […] 

In this paper, we describe the path from com-

pound 2 (RG7800, RO6885247), the first 

molecule which entered human clinical trials 

in SMA, to the discovery of compound 1 

(risdiplam, RG7916, RO7034067, 7-(4,7-di-

azaspiro[2.5]octan-7-yl)-2-(2,8-dimethylim-

idazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]py-

rimidin-4-one) currently undergoing pivotal 

clinical studies in SMA patients. […] 

Next, to establish a structure−activity rela-

tionship (SAR) for FOXM1 splicing in order 

to further increase selectivity in favour of 

SMN2 splicing, we tested an already existing 

pool of 210 derivatives from the pyri-

dopyrimidinone series for their activity in 

FOXM1 splicing assay. A clear correlation 

was observed between the in vitro splicing 

activity of SMN2 (EC1.5× FL mRNA in-

HEK293H) and FOXM1 (IC50 ΔA2 in fibro-

blast). […] 

We therefore adapted our optimization strat-

egy and focused on an increase of the in vivo 

selectivity between SMN2 and FOXM1 splic-

ing as an improvement versus compound 

2(729).” 

From the discovery paper of RG7800 cited 

the previous quotation: 

“We have reported the discovery of highly 

specific, orally available small molecules 

(coumarin 1, isocoumarin 2, and pyri-

dopyrimidinone derivatives) that specifically 

modify SMN2 splicing in SMA patient-de-

rived cells and in two SMA mouse models, 

resulting in a clear therapeutic benefit in mice 

that model a severe SMA form. However, the 

clinical development of the coumarin and 

isocoumarin compounds 1 and 2 was mainly 

hampered by an in vitro flag in the Ames as-

say indicative of genotoxicity, phototoxicity, 

and chemical instability in plasma or aqueous 

buffers. These findings shifted our focus to 

the pyridopyimidinone series. 

We describe here the initial optimization at-

tempts on the coumarin and isocoumarin se-

ries. Then we report the lead optimization 

strategy for the pyridopyrimidinone series, 

addressing multiple issues that led to the dis-

covery of orally active compounds 3−5. 

Compound 3 was selected as our clinical can-

didate. It became the first orally active small 

molecule SMN2 splicing modulator to enter 

human trials for the potential treatment of 

spinal muscular atrophy. 

SMN HTRF Assay. The levels of SMN pro-

tein in lysates of compound-treated cells 

were quantified as described previ-

ously(730).” 

EPTINEZUMAB 

2020 

Monoclonal Antibody 

CEDAZURIDINE 

2020 

https://go.drugbank.com/drugs/DB15305
https://go.drugbank.com/drugs/DB14040
https://go.drugbank.com/drugs/DB15694
https://go.drugbank.com/drugs/DB15694
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Secondary 

CLASCOTERONE 

2020 

Analogue of progesterone and testosterone 

From the discovery paper: 

“In this paper, we report the preliminary ex-

perimental results obtained with a new ster-

oid androgen antagonist belonging to the 

family of ester derivatives of cortexolone 

(11-desoxycortisone, CAS 152-58-9). This 

family, which was found to express unex-

pected antiandrogenic properties, was 

screened and the 17α-propionate ester of cor-

texolone (CB-03-01, CAS 19608-29-8) was 

selected for its optimum topical antiandro-

genic profile. CB-03-01 was assayed in the 

following tests: local antiandrogenic activity 

in hamster’s flank organ, systemic antiandro-

genic, antianabolic and glucocorticoid activ-

ity in the immature male castrated rat, effect 

on gonadotropins hypersecretion in the para-

biotic rat, and effect on plasma corticosterone 

in rat. Preliminary information about the po-

tential systemic toxicity of CB-03-01 in rat 

has been also collected. 

The importance of this work lies in the fact 

that cortexolone 17α-propionate, considered 

here, shows unexpected pharmacological 

properties which cannot be demonstrated for 

the corresponding parent cortexolone. These 

properties are also of particular interest if 

compared to ones of the currently available 

androgen antagonists. When assayed as topi-

cal antiandrogen, CB-03-01 resulted highly 

effective and, when compared to well known 

androgen antagonists, it was significantly 

more active than progesterone, finasteride, 

and even more potent than the pure anti-

androgen flutamide(731).” 

TEPROTUMUMAB 

2020 

Monoclonal Antibody 

PEMIGATINIB 

2020 

The selection of the compound is not men-

tioned in the discovery paper(732). 

https://drugs.ncats.io/drug/XN7MM8XG2M
https://go.drugbank.com/drugs/DB06343
https://go.drugbank.com/drugs/DB06343
https://go.drugbank.com/drugs/DB15102
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ABAMETAPIR 

2020 

From the discoverer(s): 

“In order to investigate the potential for im-

proving ovicidal efficacy, an alternate ap-

proach to investigate the biochemistry asso-

ciated with egg hatching in lice was adopted. 

These studies focused on the hatching pro-

cess and involved collecting water washings 

from recently hatched body louse eggs. Once 

collected, these egg shell washings were ana-

lyzed by gelatin zymography for the presence 

of proteases. A number of proteases were 

identified with further characterization iden-

tifying them to be of the metalloprotease 

class. In addition, their presence in the wash-

ings from newly hatched louse eggs indicated 

that they may play a role in egg hatching in 

body lice. Data were subsequently obtained 

showing that when particular metalloprotein-

ase inhibitors were incubated with body louse 

eggs, the treated eggs failed to hatch. This 

key finding provided an opportunity to inves-

tigate the role of metalloproteinases as novel 

ovicidal targets in lice. In an extension of this 

research, we used the model insect, Drosoph-

ila melanogaster, as a means to better under-

stand the ovicidal effects of the compound 

5,5′-dimethyl-2,2′-bipyridyl (formerly 

termed Ha44, now referred to as abametapir; 

Van Hiel et al. 2012). Abametapir is a heter-

ocyclic organic molecule that is capable of 

chelating heavy metal ions, including iron, 

copper, and zinc, and is therefore able to in-

teract with a range of targets within the insect 

that require metal co-factors for function, in-

cluding metalloproteinases. These experi-

ments demonstrated that abametapir was able 

to arrest D. melanogaster embryo develop-

ment at the blastoderm stage, during the germ 

band stage, and at a very late stage near the 

point of hatching, providing further evidence 

for the ovicidal efficacy of this compound in 

insects(733).” 

Form the 2012 discovery paper cited in the 

previous quotation: 

“Metalloproteases required for egg hatching 

in lice have been suggested as potential new 

targets. Subsequent research led to the dis-

covery of a series of compounds that pre-

vented egg hatching as well as killing adult 

lice (unpublished data). Further research 

identifying the mode of action and the poten-

tial for resistance development may be useful 

in assessing the predicted efficacy of this in-

secticide in the longer term. 

5,5′-dimethyl-2,2′-bipyridyl (termed Ha44) is 

a heterocyclic organic molecule predicted to 

chelate heavy metal ions and thereby interact 

with a range of targets that require heavy 

metal ions as co-factors within the insect. 

Ha44 has recently completed a Phase 2 b clin-

ical trial in subjects with head lice, which 

demonstrated safety and efficacy (un-

published data). This paper analyses the bio-

logical activity and mode of action of this 

compound. 

Using both feeding and contact assays in the 

D. melanogaster model system, we demon-

strate that Ha44 is lethal to embryos, larvae 

and adults. We show the ability of Ha44 to 

inhibit a zinc dependent metalloprotease in 

vitro and provide evidence indicating that 

Ha44 chelates heavy metals in vivo. We show 

that the lethal effects of the insecticide can be 

reversed following exposure to the metal ions 

iron, zinc and copper(734).” 

NAXITAMAB 

2020 

Monoclonal Antibody 

INEBILIZUMAB 

2020 

Monoclonal Antibody 

LUMASIRAN 

2020 

Antisense oligonucleotide 

https://go.drugbank.com/drugs/DB11932
https://go.drugbank.com/drugs/DB11932
https://go.drugbank.com/drugs/DB15965
https://go.drugbank.com/drugs/DB12530
https://go.drugbank.com/drugs/DB15935
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SETMELANOTIDE 

2020 

Analogue of α-melanocyte stimulating hor-

mone 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

Discovery of the effect of α-melanocyte-

stimulating hormone on body weight: 

“It has been known for nearly a century that 

the obesity and the yellow coat color are as-

sociated. In 1972, Geschwind et al. demon-

strated that the defect in these animals was 

not in the melanocyte itself since injection of 

alpha-MSH produced black pigmented hair 

in these animals. We have subsequently con-

firmed Geschwind’s observation, and found 

in addition that the percentage of alpha-MSH 

is significantly reduced in the pituitary of the 

viable yellow obese mouse. This finding sug-

gested the hypothesis that some of the meta-

bolic abnormalities of the genetic syndrome 

in the yellow obese mouse might result from 

the altered ratio of desacetylated to acetylated 

MSH. If true, then the biological potency of 

these two peptides on food intake, body 

weight gain and pigmentation of hair should 

be different. The present experiments were 

designed to compare the dose-response rela-

tionships on pigmentation between the acety-

lated and desacetylated forms of MSH, and to 

examine the effects of these peptides on food 

intake, body weight and organ weights in 

both lean black (a/a) and viable yellow obese 

(Avy/a) mice(735).” 

ATOLTIVIMAB;ODESIVIMAB;AF-

TIVIMAB 

2020 

Monoclonal Antibody 

OPICAPONE 

2020 

Secondary, analogue of entacapone 

SELPERCATINIB 

2020 

Analogue of imatinib 

OZANIMOD 

2020 

Analogue of fingolimod 

https://drugs.ncats.io/drug/N7T15V1FUY
https://go.drugbank.com/drugs/DB15898
https://go.drugbank.com/drugs/DB15898
https://drugs.ncats.io/drug/Y5929UIJ5N
https://go.drugbank.com/drugs/DB15685
https://drugs.ncats.io/drug/Z80293URPV
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NIFURTIMOX 

2020 

“Until the publication of the Manual de 

Doenças Tropicaes e Infectuosas in 1935 by 

Carlos Chagas and Evandro Chagas (Manual 

of Tropical and Infectious Diseases), there 

was no pharmacological treatment available 

for trypanosomiasis. Drugs with trypanocidal 

activity have been investigated by a number 

of researchers; however, without success. In 

1936, quinolinic compounds were success-

fully used to treat an acute case of trypanoso-

miasis. In the following years, nitrofurazone 

was administered to treat trypanosomiasis in 

mice and achieve efficacy rates between 20 

and 100%, depending on the therapeutic 

schedule. These results motivated the experi-

mental trials in humans, in which nitrofura-

zone demonstrated to be effective against 

trypanosomes in the circulating blood, cere-

brospinal fluids as well as other promising 

clinical results. 

Nifurtimox (NFX) belongs to the class of ni-

trofuran compounds. Her-Linger, Mayer, Pe-

tersen and Bock from Bayer™ synthesized it 

in 1962 in Germany. This was the first drug 

designed to treat trypanosomiasis, such as 

sleeping sickness and Chagas diseases. Its 

production was interrupted in 1980s due to 

the reduction on world demand. In 2009, the 

WHO Expert Committee on the Selection 

and Use of Essential Medicines recommends 

the inclusion of NFX in the model list of es-

sential medicines and Bayer resumed the pro-

duction of NFX(736).” 

TIRBANIBULIN 

2020 

From the discoverer(s): 

“KX-01 was designed as a peptidomimetic 

that targets the very specific peptide binding 

site of Src resulting in high specificity for Src 

kinase without significant cross reactivity to 

other tyrosine kinases(737).” 

VIBEGRON 

2020 

Analogue of mirabegron 

RIPRETINIB 

2020 

Analogue of imatinib 

SATRALIZUMAB 

2020 

Monoclonal Antibody 

ISATUXIMAB 

2020 

Monoclonal Antibody 

FLUOROESTRADIOL F-18 

2020 

Diagnostic 

https://drugs.ncats.io/drug/M84I3K7C2O
https://go.drugbank.com/drugs/DB06137
https://go.drugbank.com/drugs/DB14895
https://go.drugbank.com/drugs/DB14840
https://go.drugbank.com/drugs/DB15762
https://go.drugbank.com/drugs/DB14811
https://drugs.ncats.io/drug/T32277KB09
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BEROTRALSTAT HYDROCHLORIDE 

2020 

= BCX7353 

“Next-generation oral agents, targeting the 

essential steps of the contact cascade, are al-

ready underway. In May 2014, BioCryst 

Company, based in the USA, announced pre-

liminary successful results of a proof-of-con-

cept, phase 2a clinical trial (OPuS-1) with a 

specific plasma kallikrein inhibitor (Avoral-

stat, BCX4161), orally administered three 

times daily, for patients with HAE with fre-

quent attacks. In December 2014, the com-

pany initiated enrollment in OPuS-2, a 

blinded, randomized, clinical trial evaluating 

the efficacy and safety of two different doses 

of avoralstat compared with placebo. 

The same company has recently (October 

2015) launched a randomized, placebo-con-

trolled, phase 1 clinical trial with once-a-day 

orally administered kallikrein inhibitor 

(BCX7353)(738).” 

From the Phase 1 Trial paper of avoralstat: 

“The synthetic small molecule avoralstat 

(RN: 918407-35-9) is a potent inhibitor of 

plasma kallikrein that suppresses HK/kal-

likrein-dependent bradykinin production on 

human endothelial cells. The effect of avor-

alstat on kallikrein activity in human plasma 

has been demonstrated using a novel assay 

developed by the authors, in which contact 

activation is stimulated by ellagic acid and 

enzyme activity is measured with a specific 

fluorogenic substrate. In an ex vivo study of 

plasma samples from 51 healthy human sub-

jects, the EC50 values for avoralstat in this as-

say were 1.14 nM to 11.1 nM(739).” 

From the discovery paper cited in the previ-

ous quotation: 

“In the present study we report a group of 

newly developed anti-inflammatory com-

pounds, primarily designed for tissue factor 

(TF) / factor VIIa (FVIIa), also potently 

inhibit kallikrein activity. Using structure-

based drug design a series of potent small 

molecule inhibitors toward TF/FVIIa were 

designed and synthesized at BioCryst Phar-

maceuticals (BCX) The inhibitory actions of 

these compounds towards FVIIa have been 

thoroughly characterized using a purified en-

zyme assay and relevant clotting-based as-

says. In addition to FVIIa the inhibitory ef-

fects of these compounds against various se-

rum proteases, including C1s, thrombin, plas-

min, FXa, activated Protein C (APC), tissue 

plasminogen activator (tPA) and kallikrein, 

were also studied. The data from these assays 

indicate that kallikrein is the only enzyme 

that was also potently inhibited by some of 

these compounds. In order to understand their 

inhibitory mechanism towards kallikrein, 

binding properties were extensively explored 

in an enzyme model. The data from binding 

kinetics studies demonstrate that all five 

compounds reported in this article are potent 

kallikrein inhibitors, and some of them 

showed exceptional binding affinity toward 

kallikrein with binding constants (Ki final) 

less than a nanomolar, comparable to P8720, 

which is a peptide based-kallikrein inhibitor. 

Further studies using on-site dissociation and 

Ki determination in extending binding condi-

tions suggest that these compounds belong to 

slow binding inhibitors, which takes two 

steps to form stable inhibitor/enzyme com-

plexes. One of the most important indications 

of contact activation is massive production of 

BK, a cleavage product of HK by proteolytic 

action of kallikrein. Thus the ability of se-

lected compounds to inhibit BK generation 

was examined using a plasma based-assay. 

The data of BK release assays are consistent 

with the findings observed in enzyme kinetic 

assays. […] 

Plasma BK Release Studies 

Bacteria 

A strain of bacteria Staphylococcus aureus 

(strain 5120) was originally derived from a 

https://go.drugbank.com/drugs/DB15982
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blood culture from a patient with septic 

shock. […] 

Bradykinin Release Inhibition Assay 

To assess inhibitory properties of BCX com-

pounds toward kallikrein in plasma as well as 

kallikrein that assemble on the surface of bac-

teria, the assays were conducted under three 

different reaction conditions. […] 

To confirm that the inhibition not only occurs 

in a reconstituted enzyme system but also 

takes place in kallikrein-containing plasma, 

the bacterial mediated-plasma BK release as-

say was performed in the presence or absence 

of inhibitors at early or late incubation steps, 

and the content of BK present in plasma or 

washed bacteria suspension was exam-

ined(740).” 

LURBINECTEDIN 

2020 

Analogue of trabectedin(2) 

Error in similarity calculation by FTrees be-

cause of the unsupported macrocycle 

SELUMETINIB SULFATE 

2020 

Analogue of cobimetinib 

SOMAPACITAN 

2020 

Endogenous-based biopharmaceutical 

Analogue of the endogenous growth hor-

mone 

OLICERIDINE 

2020 

Analogue of morphine 

Also see the fentanyl entry and refer to Paul 

Janssen’s article cited there. 

RIMEGEPANT SULFATE 

2020 

Analogue of ubrogepant 

VILTOLARSEN 

https://drugs.ncats.io/drug/2CN60TN6ZS
https://drugs.ncats.io/drug/807ME4B7IJ
https://go.drugbank.com/drugs/DB15093
https://drugs.ncats.io/drug/MCN858TCP0
https://drugs.ncats.io/drug/1383NM3Q0H
https://go.drugbank.com/drugs/DB15005
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2020 

Antisense oligonucleotide 

TAZEMETOSTAT HYDROBROMIDE 

2020 

From the discovery papers: 

“To find inhibitors of EZH2, high-throughput 

diversity screens were performed. The four 

component PRC2 complex containing EZH2, 

EED, SUZ12, and RbAp48 was used with 

chicken oligonucleosome as the substrate. 

The reaction was run under balanced condi-

tions (at the Km for both SAM and nucleo-

some) to allow for discovery of inhibitors of 

all modes of inhibition such as competitive 

with S-adenosylmethionine (SAM) or with 

nucleosome(741).” 

“High throughput proliferation assay 

For the assessment of the effect of com-

pounds on the proliferation of the WSU-

DLCL2 cell line, exponentially growing cells 

were plated in 384-well white opaque plates 

at a density of 1,250 cells/mL in a final vol-

ume of 50 mL of assay medium(742).” 

LONAFARNIB 

2020 

From the discovery paper: 

“Compounds prepared in this study were 

tested both for their ability to inhibit the 

transfer of [3 H]farnesyl from farnesyl pyro-

phosphate to H-Ras-CVLS, a process that is 

mediated by FPT, and for their inhibitory ac-

tivity toward the closely related enzyme 

GGPT-1 that catalyzes the transfer of [ 3 

H]geranylgeranyl moiety from geranylgera-

nyl pyrophosphate to H-Ras-CVLL using 

conditions previously described. These com-

pounds were also evaluated in a cellular ras-

processing assay (COS cell assay) and a col-

ony-forming assay (soft agar assay) as previ-

ously described(743).” 

OSILODROSTAT 

2020 

Analogue of fadrozole 

See the letrozole entry. 

From the discovery paper of the aldosterone 

biosynthesis inhibitory activity of fadrozole: 

“CGS 16949A is a potent inhibitor of aroma-

tase in vitro with an IC50 of 0.03 µM for the 

inhibition of LH-stimulated estrogen biosyn-

thesis in hamster ovaries. In vivo, CGS 

16949A leads to sequelae of estrogen depri-

vation (e.g. regression of DMBA-induced 

mammary tumors) without causing adrenal 

hypertrophy in adult rats. To complement 

these in vitro and in vivo findings, the effect 

of CGS 16949A on adrenal steroid biosyn-

thesis in rats was investigated in vitro and in 

vivo. The surprising finding in vitro was that 

CGS 16949A inhibited aldosterone biosyn-

thesis (IC50 = 1 µM) at concentrations 100 

times lower than those for inhibition of corti-

costerone biosynthesis (IC50 = 100 

µM)(744).” 

SACITUZUMAB GOVITECAN 

2020 

“Sacituzumab govitecan is an antibody-drug 

conjugate (ADC) targeting TROP-2-express-

ing cancer cells to induce DNA-damage-me-

diated cell death. The conjugate comprises a 

humanized anti-TROP-2 monoclonal anti-

body (RS7-3G11, also known as RS7) chem-

ically linked by a hydrolyzable CL2A linker 

to the cytotoxic drug SN-38(2).” 

https://drugs.ncats.io/drug/6P89T5M073
https://drugs.ncats.io/drug/IOW153004F
https://drugs.ncats.io/drug/5YL4IQ1078
https://go.drugbank.com/drugs/DB12893
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SN-38: Analogue of camptothecin 

FLORTAUCIPIR F-18 

2020 

Diagnostic 

BELANTAMAB MAFODOTIN 

2020 

“Belantamab mafodotin, or GSK2857916, is 

an afucosylated monoclonal antibody that 

targets B cell maturation antigen conjugated 

to the microtubule distrupter monomethyl au-

ristatin-F (MMAF)(2).” 

Discovery of monomethyl auristatin-F: 

Analogue of dolastatin 10 

REMIMAZOLAM 

2020 

Analogue of chlordiazepoxide 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://drugs.ncats.io/drug/T1JP1KYU9O
https://go.drugbank.com/drugs/DB15719
https://drugs.ncats.io/drug/7V4A8U16MB


380 

 

References 

1. NCATS Inxight: Drugs, National Center for Advancing 

Translational Sciences (NCATS), Accessed at 20 March 2021, 

https://drugs.ncats.io/, https://drugs.ncats.io/about, 

https://web.archive.org/web/20210525043036/https://drugs.ncats.io/ 

2. D. S. Wishart, Y. D. Feunang, A. C. Guo, E. J. Lo, A. Marcu et al., 

DrugBank 5.0: A major update to the DrugBank database for 2018. 

Nucleic Acids Research 46, D1074-D82 (2018). 

doi.org/10.1093/nar/gkx1037, https://go.drugbank.com/  

ncbi.nlm.nih.gov/pmc/PMC5753335 

3. M. Goerig, J. Schulte am Esch, History of nitrous oxide—with 

special reference to its early use in Germany. Best Practice & Research 

Clinical Anaesthesiology 15, 313-38 (2001). 

doi.org/10.1053/bean.2001.0165   

4. M. J. R. Desborough, D. M. Keeling, The aspirin story - from willow 

to wonder drug. British Journal of Haematology 177, 674-83 (2017). 

doi.org/10.1111/bjh.14520   

5. A. Grzybowski, [The history of cocaine in medicine and its 

importance to the discovery of the different forms of anaesthesia]. 

Klinika Oczna 109, 101-5 (2007).    

6. P. Taba, A. Lees, G. Stern, Erich Harnack (1852-1915) and a short 

history of apomorphine. European Neurology 69, 321-4 (2013). 

doi.org/10.1159/000346762   

7. D. W. Bierer, Bismuth subsalicylate: History, chemistry, and safety. 

Reviews of Infectious Diseases 12 Suppl 1, S3-8 (1990). 

doi.org/10.1093/clinids/12.supplement_1.s3   

8. M. A. Altinoz, A. Ozpinar, A. Ozpinar, J. L. Perez, I. Elmaci, 

Methenamine's journey of 160 years: Repurposal of an old urinary 

antiseptic for treatment and hypoxic radiosensitization of cancers and 

glioblastoma. Clinical and Experimental Pharmacology and 

Physiology 46, 407-12 (2019). doi.org/10.1111/1440-1681.13070   

9. H.-D. Schwarz, "Ritsert, Eduard" in Neue Deutsche Biographie 21,  

(2003), pp. 653-4. https://www.deutsche-

biographie.de/pnd139207848.html#ndbcontent, 

web.archive.org/web/20210713053204/https://www.deutsche-

biographie.de/pnd139207848.html 

10. D. R. Kirsch, O. Ogas, The Drug Hunters: The Improbable Quest 

to Discover New Medicines,  (Arcade, 2017).  

11. S. Scholtz, L. Macmorris, F. Krogmann, G. Auffarth, Poisons, 

drugs and medicine: On the use of atropine and scopolamine in 

medicine and ophthalmology: An historical review of their 

applications. Journal of Eye Study and Treatment 2019, 51-8 (2019). 

doi.org/10.33513/jest/1901-13   

12. G. Arthur, Epinephrine: A short history. Lancet Respiratory 

Medicine 3, 350-1 (2015). doi.org/10.1016/S2213-2600(15)00087-9   

13. G. Oliver, E. A. Schafer, The physiological effects of extracts of 

the suprarenal capsules. Journal of Physiology 18, 230-76 (1895). 

doi.org/10.1113/jphysiol.1895.sp000564  

ncbi.nlm.nih.gov/pmc/PMC1514629 

14. W. B. Hugo, A brief history of heat and chemical preservation and 

disinfection. Journal of Applied Bacteriology 71, 9-18 (1991).    

15. NACDG allergen: Benzyl alcohol. (2007), Accessed at 26 

February 2021, https://www.the-dermatologist.com/article/7191, 

web.archive.org/web/20210226031311/https://www.the-

dermatologist.com/article/7191 

16. D. I. Macht, A pharmacological and therapeutic study of benzyl 

alcohol as a local anesthetic. Journal of Pharmacology and 

Experimental Therapeutics 11, 263 (1918).    

17. V. F. McConnell, Hlasiwetz and Barth—Pioneers in the structural 

aspects of plant products. Journal of Chemical Education 30, 380 

(1953). doi.org/10.1021/ed030p380   

18. F. N. Johnson, A. Amdisen, The first era of lithium in medicine. 

An historical note. Pharmacopsychiatria 16, 61-3 (1983). 

doi.org/10.1055/s-2007-1017450   

19. E. Shorter, The history of lithium therapy. Bipolar Disorders 11 

Suppl 2, 4-9 (2009). doi.org/10.1111/j.1399-5618.2009.00706.x  

ncbi.nlm.nih.gov/pmc/PMC3712976 

20. C. D. May, History of the introduction of theophylline into the 

treatment of asthma. Clinical Allergy 4, 211-7 (1974). 

doi.org/10.1111/j.1365-2222.1974.tb01377.x   

21. E. M. Alapi, J. Fischer, "Table of selected analogue classes" in 

Analogue-based Drug Discovery, J. Fischer, C. R. Ganellin, Eds.,  

(Wiley, 2010), vol. 1, pp. 443-552. doi.org/10.1002/3527608001.ch23 

22. W. Chen, I. Vermaak, A. Viljoen, Camphor--a fumigant during the 

Black Death and a coveted fragrant wood in ancient Egypt and 

Babylon--a review. Molecules 18, 5434-54 (2013). 

doi.org/10.3390/molecules18055434  

ncbi.nlm.nih.gov/pmc/PMC6270224 

23. N. W. E. contributors, Benzoic acid. New World 

Encyclopedia.(2019), Accessed at 12 July 2021, 

https://www.newworldencyclopedia.org/p/index.php?title=Benzoic_a

cid&oldid=1023629, 

web.archive.org/web/20210712212711/https://www.newworldencycl

opedia.org/p/index.php?title=Benzoic_acid&oldid=1023629 

24. E. Salkowski, Über die antiseptische Wirkung der Salicylsäure und 

Benzoësäure. Berliner Klinische Wochenschrift 12, 297-8 (1875). 

doi.org/https://hdl.handle.net/2027/mdp.39015020940196?urlappend

=%3Bseq=315   

25. L. Dézsi, "Development of organic nitrates for coronary heart 

disease" in Analogue-based drug discovery, J. Fischer, C. R. Ganellin, 

Eds.,  (Wiley, 2010), vol. 1, chap. 10, pp. 247-58. 

doi.org/10.1002/3527608001.ch13 

26. R. Nguyen, N. R. Khanna, A. O. Safadi, "Bacitracin topical" in 

StatPearls,  (January 2020 edition, 2020). 

ncbi.nlm.nih.gov/books/NBK536993/ 

27. B. A. Johnson, H. Anker, F. L. Meleney, Bacitracin: A new 

antibiotic produced by a member of the B. subtilis group. Science 102, 

376-7 (1945). doi.org/10.1126/science.102.2650.376   

28. B. Dasgeb, D. Kornreich, K. McGuinn, L. Okon, I. Brownell, D. 

L. Sackett, Colchicine: An ancient drug with novel applications. 

British Journal of Dermatology 178, 350-6 (2018). 

doi.org/10.1111/bjd.15896  ncbi.nlm.nih.gov/pmc/PMC5812812 

https://drugs.ncats.io/
https://drugs.ncats.io/about
https://web.archive.org/web/20210525043036/https:/drugs.ncats.io/
https://doi.org/10.1093/nar/gkx1037
https://go.drugbank.com/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5753335
https://doi.org/10.1053/bean.2001.0165
https://doi.org/10.1111/bjh.14520
https://doi.org/10.1159/000346762
https://doi.org/10.1093/clinids/12.supplement_1.s3
https://doi.org/10.1111/1440-1681.13070
https://www.deutsche-biographie.de/pnd139207848.html#ndbcontent
https://www.deutsche-biographie.de/pnd139207848.html#ndbcontent
http://web.archive.org/web/20210713053204/https:/www.deutsche-biographie.de/pnd139207848.html
http://web.archive.org/web/20210713053204/https:/www.deutsche-biographie.de/pnd139207848.html
https://doi.org/10.33513/jest/1901-13
https://doi.org/10.1016/S2213-2600(15)00087-9
https://doi.org/10.1113/jphysiol.1895.sp000564
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1514629
https://www.the-dermatologist.com/article/7191
http://web.archive.org/web/20210226031311/https:/www.the-dermatologist.com/article/7191
http://web.archive.org/web/20210226031311/https:/www.the-dermatologist.com/article/7191
https://doi.org/10.1021/ed030p380
https://doi.org/10.1055/s-2007-1017450
https://doi.org/10.1111/j.1399-5618.2009.00706.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3712976
https://doi.org/10.1111/j.1365-2222.1974.tb01377.x
https://doi.org/10.1002/3527608001.ch23
https://doi.org/10.3390/molecules18055434
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6270224
https://www.newworldencyclopedia.org/p/index.php?title=Benzoic_acid&oldid=1023629
https://www.newworldencyclopedia.org/p/index.php?title=Benzoic_acid&oldid=1023629
http://web.archive.org/web/20210712212711/https:/www.newworldencyclopedia.org/p/index.php?title=Benzoic_acid&oldid=1023629
http://web.archive.org/web/20210712212711/https:/www.newworldencyclopedia.org/p/index.php?title=Benzoic_acid&oldid=1023629
https://doi.org/https:/hdl.handle.net/2027/mdp.39015020940196?urlappend=%3Bseq=315
https://doi.org/https:/hdl.handle.net/2027/mdp.39015020940196?urlappend=%3Bseq=315
https://doi.org/10.1002/3527608001.ch13
https://www.ncbi.nlm.nih.gov/books/NBK536993/
https://doi.org/10.1126/science.102.2650.376
https://doi.org/10.1111/bjd.15896
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5812812


381 

 

29. T. Patel, Y. Ishiuji, G. Yosipovitch, Menthol: A refreshing look at 

this ancient compound. Journal of the American Academy of 

Dermatology 57, 873-8 (2007). doi.org/10.1016/j.jaad.2007.04.008   

30. J. Achan, A. O. Talisuna, A. Erhart, A. Yeka, J. K. Tibenderana, F. 

N. Baliraine, P. J. Rosenthal, U. D'Alessandro, Quinine, an old anti-

malarial drug in a modern world: Role in the treatment of malaria. 

Malaria Journal 10, 144 (2011). doi.org/10.1186/1475-2875-10-144  

ncbi.nlm.nih.gov/pmc/PMC3121651 

31. R. H. Howland, Methylene blue: The long and winding road from 

stain to brain: Part 1. Journal of Psychosocial Nursing and Mental 

Health Services 54, 21-4 (2016). doi.org/10.3928/02793695-

20160818-01   

32. B. Holmstedt, S. H. Wassen, R. E. Schultes, Jaborandi: An 

interdisciplinary appraisal. Journal of Ethnopharmacology 1, 3-21 

(1979). doi.org/10.1016/0378-8741(79)90014-x   

33. F. Lopez-Munoz, R. Ucha-Udabe, C. Alamo, The history of 

barbiturates a century after their clinical introduction. 

Neuropsychiatric Disease and Treatment 1, 329-43 (2005).   

ncbi.nlm.nih.gov/pmc/PMC2424120 

34. D. F. Scott, The discovery of anti-epileptic drugs. Journal of the 

History of the Neurosciences 1, 111-8 (1992). 

doi.org/10.1080/09647049209525522   

35. G. Oliver, E. A. Schafer, On the physiological action of extracts of 

pituitary body and certain other glandular organs: Preliminary 

communication. Journal of Physiology 18, 277-9 (1895). 

doi.org/10.1113/jphysiol.1895.sp000565  

ncbi.nlm.nih.gov/pmc/PMC1514634 

36. N. Magon, S. Kalra, The orgasmic history of oxytocin: Love, lust, 

and labor. Indian Journal of Endocrinology and Metabolism 15 Suppl 

3, S156-61 (2011). doi.org/10.4103/2230-8210.84851  

ncbi.nlm.nih.gov/pmc/PMC3183515 

37. H. H. Dale, On some physiological actions of ergot. Journal of 

Physiology 34, 163-206 (1906). 

doi.org/10.1113/jphysiol.1906.sp001148  

ncbi.nlm.nih.gov/pmc/PMC1465771 

38. I. Ott, J. C. Scott, The action of infundibulin upon the mammary 

secretion. Experimental Biology and Medicine 8, 48-9 (1910). 

doi.org/10.3181/00379727-8-27   

39. H. K. Caldwell, H. J. Lee, A. H. Macbeth, W. S. Young, 3rd, 

Vasopressin: Behavioral roles of an "original" neuropeptide. Progress 

in Neurobiology 84, 1-24 (2008). 

doi.org/10.1016/j.pneurobio.2007.10.007  

ncbi.nlm.nih.gov/pmc/PMC2292122 

40. R. P. Limberger, A. L. B. Jacques, G. C. Schmitt, M. D. Arbo, 

"Pharmacological effects of ephedrine" in Natural Products, K. G. 

Ramawat, J.-M. Mérillon, Eds.,  (Springer, 2013),  chap. 41, pp. 1217-

37. doi.org/10.1007/978-3-642-22144-6_41 

41. V. D. Lespinasse, Quinine and urea hydrochlorate as a local 

anesthetic. Quarterly Bulletin of the Northwestern University Medical 

School 12, 161-3 (1910).   ncbi.nlm.nih.gov/pmc/PMC3802212 

42. A. M. Schmitt, B. E. Harrington, Dibucaine: The nearly forgotten 

local anesthetic. presented at 2009 Annual Meeting of the American 

Society of Anesthesiologists,  Year. 

http://www.asaabstracts.com/strands/asaabstracts/abstract.htm?year=

2009&index=12&absnum=1160, 

web.archive.org/web/20210712205740/http://www.asaabstracts.com/

strands/asaabstracts/abstract.htm?year=2009&index=12&absnum=11

60 

43. T. L. Sourkes, "The discovery of neurotransmitters, and 

applications to neurology" in History of Neurology, M. J. Aminoff, F. 

Boller, D. F. Swaab, Eds., in series: Handbook of Clinical Neurology.  

(Elsevier, 2009), vol. 95, chap. 54, pp. 869-83. doi.org/10.1016/S0072-

9752(08)02154-4 

44. J. Hicks, Fast times: The life, death, and rebirth of amphetamine. 

(2012), Accessed at 25 January 2021, 

https://www.sciencehistory.org/distillations/fast-times-the-life-death-

and-rebirth-of-amphetamine, 

web.archive.org/web/20210125103639/https://www.sciencehistory.or

g/distillations/fast-times-the-life-death-and-rebirth-of-amphetamine 

45. G. W. Corner, Sr., The early history of progesterone. Gynecologic 

Investigation 5, 106-12 (1974). doi.org/10.1159/000301641   

46. "Antibiotics and antimicrobial agents" in Foye's Principles of 

Medicinal Chemistry, T. L. Lemke, D. A. Williams, V. F. Roche, S. 

W. Zito, Eds., T. L. Lemke, D. A. Williams, Eds. (Lippincott Williams 

& Wilkins, 7 edition, 2013),  chap. 33, pp. 1080. 

https://archive.org/details/foyesprincipleso0000unse/page/1080 

47. H. Otten, Domagk and the development of the sulphonamides. 

Journal of Antimicrobial Chemotherapy 17, 689-96 (1986). 

doi.org/10.1093/jac/17.6.689   

48. A. Morales, The long and tortuous history of the discovery of 

testosterone and its clinical application. Journal of Sexual Medicine 

10, 1178-83 (2013). doi.org/10.1111/jsm.12081   

49. S. Brown, Note on the effects produced on man by subcutaneous 

injections of a liquid obtained from the testicles of animals. Lancet 

134, 105-7 (1889). doi.org/10.1016/s0140-6736(00)64118-1   

50. A. J. Glazko, Discovery of phenytoin. Therapeutic Drug 

Monitoring 8, 490-7 (1986). doi.org/10.1097/00007691-198612000-

00021   

51. T. J. Putnam, H. H. Merritt, Experimental determination of the 

anticonvulsant properties of some phenyl derivatives. Science 85, 525-

6 (1937). doi.org/10.1126/science.85.2213.525   

52. A. S. Minot, K. Dodd, S. S. Riven, The response of the myasthenic 

state to guanidine hydrochloride. Science 87, 348-50 (1938). 

doi.org/10.1126/science.87.2259.348-a   

53. E. Frank, M. Nothmann, E. Guttmann, Über die tonische 

Kontraktion des quergestreiften Säugetiermuskels nach Ausschaltung 

des motorischen Nerven. Pflügers Archiv für die Gesamte Physiologie 

des Menschen und der Tiere 201, 569-78 (1923). 

doi.org/10.1007/bf01722322   

54. L. J. Mc, The discovery of heparin. Circulation 19, 75-8 (1959). 

doi.org/10.1161/01.cir.19.1.75   

55. J. A. Marcum, The origin of the dispute over the discovery of 

heparin. Journal of the History of Medicine and Allied Sciences 55, 37-

66 (2000). doi.org/10.1093/jhmas/55.1.37   

56. R. J. Santen, E. Simpson, History of estrogen: Its purification, 

structure, synthesis, biologic actions, and clinical implications. 

Endocrinology 160, 605-25 (2019). doi.org/10.1210/en.2018-00529   

https://doi.org/10.1016/j.jaad.2007.04.008
https://doi.org/10.1186/1475-2875-10-144
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3121651
https://doi.org/10.3928/02793695-20160818-01
https://doi.org/10.3928/02793695-20160818-01
https://doi.org/10.1016/0378-8741(79)90014-x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2424120
https://doi.org/10.1080/09647049209525522
https://doi.org/10.1113/jphysiol.1895.sp000565
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1514634
https://doi.org/10.4103/2230-8210.84851
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3183515
https://doi.org/10.1113/jphysiol.1906.sp001148
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1465771
https://doi.org/10.3181/00379727-8-27
https://doi.org/10.1016/j.pneurobio.2007.10.007
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2292122
https://doi.org/10.1007/978-3-642-22144-6_41
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3802212
http://www.asaabstracts.com/strands/asaabstracts/abstract.htm?year=2009&index=12&absnum=1160
http://www.asaabstracts.com/strands/asaabstracts/abstract.htm?year=2009&index=12&absnum=1160
http://web.archive.org/web/20210712205740/http:/www.asaabstracts.com/strands/asaabstracts/abstract.htm?year=2009&index=12&absnum=1160
http://web.archive.org/web/20210712205740/http:/www.asaabstracts.com/strands/asaabstracts/abstract.htm?year=2009&index=12&absnum=1160
http://web.archive.org/web/20210712205740/http:/www.asaabstracts.com/strands/asaabstracts/abstract.htm?year=2009&index=12&absnum=1160
https://doi.org/10.1016/S0072-9752(08)02154-4
https://doi.org/10.1016/S0072-9752(08)02154-4
https://www.sciencehistory.org/distillations/fast-times-the-life-death-and-rebirth-of-amphetamine
https://www.sciencehistory.org/distillations/fast-times-the-life-death-and-rebirth-of-amphetamine
http://web.archive.org/web/20210125103639/https:/www.sciencehistory.org/distillations/fast-times-the-life-death-and-rebirth-of-amphetamine
http://web.archive.org/web/20210125103639/https:/www.sciencehistory.org/distillations/fast-times-the-life-death-and-rebirth-of-amphetamine
https://doi.org/10.1159/000301641
https://archive.org/details/foyesprincipleso0000unse/page/1080
https://doi.org/10.1093/jac/17.6.689
https://doi.org/10.1111/jsm.12081
https://doi.org/10.1016/s0140-6736(00)64118-1
https://doi.org/10.1097/00007691-198612000-00021
https://doi.org/10.1097/00007691-198612000-00021
https://doi.org/10.1126/science.85.2213.525
https://doi.org/10.1126/science.87.2259.348-a
https://doi.org/10.1007/bf01722322
https://doi.org/10.1161/01.cir.19.1.75
https://doi.org/10.1093/jhmas/55.1.37
https://doi.org/10.1210/en.2018-00529


382 

 

57. K. S. Latta, B. Ginsberg, R. L. Barkin, Meperidine: A critical 

review. American Journal of Therapeutics 9, 53-68 (2002). 

doi.org/10.1097/00045391-200201000-00010   

58. O. Eisleb, O. Schaumann, Dolantin, ein neuartiges Spasmolytikum 

und Analgetikum. DMW - Deutsche Medizinische Wochenschrift 65, 

967-8 (2009). doi.org/10.1055/s-0028-1120563   

59. G. R. Coatney, Pitfalls in a discovery: The chronicle of 

chloroquine. American Journal of Tropical Medicine and Hygiene 12, 

121-8 (1963). doi.org/10.4269/ajtmh.1963.12.121   

60. J. P. Swann, The search for synthetic penicillin during World War 

II. British Journal for the History of Science 16, 154-90 (1983). 

doi.org/10.1017/s0007087400026789   

61. A. L. Shapiro, Undecylenic acid in the treatment of 

dermatomycosis. Archives of Dermatology 119, 166-71 (1983). 

doi.org/10.1001/archderm.1983.01650280073020   

62. S. M. Peck, H. Rosenfeld, The effects of hydrogen ion 

concentration, fatty acids and vitamin C on the growth of fungi. 

Journal of Investigative Dermatology 1, 237-65 (1938). 

doi.org/10.1038/jid.1938.25   

63. N. Vandenbussche, P. J. Goadsby, The discovery and development 

of inhaled therapeutics for migraine. Expert Opinion on Drug 

Discovery 14, 591-9 (2019). doi.org/10.1080/17460441.2019.1598373   

64. A. Hofmann, Historical view on ergot alkaloids. Pharmacology 16 

Suppl 1, 1-11 (1978). doi.org/10.1159/000136803   

65. Selman A. Waksman – Nobel Lecture. Nobel Prize Outreach AB 

2021. Accessed at 18 Aug 2021, 

https://www.nobelprize.org/prizes/medicine/1952/waksman/lecture/, 

web.archive.org/web/20210818155101/https://www.nobelprize.org/p

rizes/medicine/1952/waksman/lecture/ 

66. ,  (!!! INVALID CITATION !!! (66, 67)).    

67. M. B. Emanuel, Histamine and the antiallergic antihistamines: A 

history of their discoveries. Clinical and Experimental Allergy 29 

Suppl 3, 1-11; discussion 2 (1999). doi.org/10.1046/j.1365-

2222.1999.00004.x-i1   

68. G. R. Lenz, S. M. Evans, D. E. Walters, A. J. Hopfinger, Opiates,  

(Academic Press, 1986).  

69. M. Bockmühl, G. Ehrhart, Über eine neue Klasse von 

spasmolytisch und analgetisch wirkenden Verbindungen, I. Justus 

Liebigs Annalen der Chemie 561, 52-86 (1949). 

doi.org/10.1002/jlac.19495610107   

70. H. B. Burch, D. S. Cooper, Anniversary review: Antithyroid drug 

therapy: 70 years later. European Journal of Endocrinology. Oslo 179, 

R261-R74 (2018). doi.org/10.1530/EJE-18-0678   

71. A. Nzila, The past, present and future of antifolates in the treatment 

of Plasmodium falciparum infection. Journal of Antimicrobial 

Chemotherapy 57, 1043-54 (2006). doi.org/10.1093/jac/dkl104   

72. F. H. S. Curd, D. G. Davey, F. L. Rose, Studies on synthetic 

antimalarial drugs. Annals of Tropical Medicine & Parasitology 39, 

208-16 (2016). doi.org/10.1080/00034983.1945.11685237   

73. S. Sharma, N. Anand, "Salicylanilides" in Approaches to Design 

and Synthesis of Antiparasitic Drugs, S. Sharma, N. Anand, Eds., in 

series: Pharmacochemistry Library. vol. 25,  (Elsevier, 1997), pp. 239-

57. doi.org/10.1016/S0165-7208(97)80031-1 

74. H. Konzett, On the discovery of isoprenaline. Trends in 

Pharmacological Sciences 2, 47-9 (1981). doi.org/10.1016/0165-

6147(81)90259-5   

75. M. L. Nelson, S. B. Levy, The history of the tetracyclines. Ann N 

Y Acad Sci 1241, 17-32 (2011). doi.org/10.1111/j.1749-

6632.2011.06354.x   

76. T. Gordh, Lidocaine: The origin of a modern local anesthetic. 1949. 

Anesthesiology 113, 1433-7 (2010). 

doi.org/10.1097/ALN.0b013e3181fcef48   

77. Z. Ahmad, N. Makaya, J. Grosset, "History of drug discovery: 

Early evaluation studies and lessons learnt from them" in 

Antituberculosis Chemotherapy, P. R. Donald, P. D. van Helden, Eds., 

in series: Progress in Respiratory Research. vol. 40, F. J. F. Herth, Ed. 

(Karger, 2011),  chap. 1, pp. 2-9. doi.org/10.1159/000324894 

78. P. Fernandez Julia, E. M. Francis, Propylhexedrine: A vintage drug 

of abuse, rediscovered. Journal of Psychoactive Drugs 44, 277-9 

(2012). doi.org/10.1080/02791072.2012.704593   

79. Evolution of cancer treatments: Chemotherapy. (2014), Accessed 

at 7 July 2021, https://www.cancer.org/cancer/cancer-basics/history-

of-cancer/cancer-treatment-chemo.html, 

web.archive.org/web/20210707102929/https://www.cancer.org/cance

r/cancer-basics/history-of-cancer/cancer-treatment-chemo.html 

80. Institute of Medicine (US) Committee on the Survey of the Health 

Effects of Mustard Gas and Lewisite, "History and analysis of mustard 

agent and Lewisite research programs in the United States" in Veterans 

at Risk: The Health Effects of Mustard Gas and Lewisite, C. Pechura, 

D. Rall, Eds.,  (National Academies Press, 1993),  chap. 3.  

81. M. Couperus, The use of N-ethyl-o-crotonotoluidide in the 

treatment of scabies and various pruritic dermatoses. Journal of 

Investigative Dermatology 13, 35-42 (1949). 

doi.org/10.1038/jid.1949.63   

82. W. R. McGrath, R. E. Lewis, W. L. Kuhn, The dual mode of the 

antispasmodic effect of dicyclomine hydrochloride. Journal of 

Pharmacology and Experimental Therapeutics 146, 354-8 (1964).    

83. C. H. Tilford, M. G. v. Campen, R. S. Shelton, Aminoesters of 

substituted alicylic carboxylic acids. Journal of the American 

Chemical Society 69, 2902-6 (2002). doi.org/10.1021/ja01203a077   

84. S. A. Box, T. Pullar, Sulphasalazine in the treatment of rheumatoid 

arthritis. British Journal of Rheumatology 36, 382-6 (1997). 

doi.org/10.1093/rheumatology/36.3.382   

85. N. Svartz, Salazopyrin, a new sulfanilamide preparation. A. 

Therapeutic results in rheumatic polyarthritis. B. Therapeutic results 

in ulcerative colitis. C. Toxic manifestations in treatment with 

sulfanilamide preparations. Acta Medica Scandinavica 110, 577-98 

(2009). doi.org/10.1111/j.0954-6820.1942.tb06841.x   

86. M. C. Rebstock, H. M. Crooks, J. Controulis, Q. R. Bartz, 

Chloramphenicol (chloromycetin).1 IV.1a chemical studies. Journal 

of the American Chemical Society 71, 2458-62 (2002). 

doi.org/10.1021/ja01175a065   

87. J. Ehrlich, Q. R. Bartz, R. M. Smith, D. A. Joslyn, P. R. Burkholder, 

Chloromycetin, a new antibiotic from a soil actinomycete. Science 

106, 417 (1947). doi.org/10.1126/science.106.2757.417   

https://doi.org/10.1097/00045391-200201000-00010
https://doi.org/10.1055/s-0028-1120563
https://doi.org/10.4269/ajtmh.1963.12.121
https://doi.org/10.1017/s0007087400026789
https://doi.org/10.1001/archderm.1983.01650280073020
https://doi.org/10.1038/jid.1938.25
https://doi.org/10.1080/17460441.2019.1598373
https://doi.org/10.1159/000136803
https://www.nobelprize.org/prizes/medicine/1952/waksman/lecture/
http://web.archive.org/web/20210818155101/https:/www.nobelprize.org/prizes/medicine/1952/waksman/lecture/
http://web.archive.org/web/20210818155101/https:/www.nobelprize.org/prizes/medicine/1952/waksman/lecture/
https://doi.org/10.1046/j.1365-2222.1999.00004.x-i1
https://doi.org/10.1046/j.1365-2222.1999.00004.x-i1
https://doi.org/10.1002/jlac.19495610107
https://doi.org/10.1530/EJE-18-0678
https://doi.org/10.1093/jac/dkl104
https://doi.org/10.1080/00034983.1945.11685237
https://doi.org/10.1016/S0165-7208(97)80031-1
https://doi.org/10.1016/0165-6147(81)90259-5
https://doi.org/10.1016/0165-6147(81)90259-5
https://doi.org/10.1111/j.1749-6632.2011.06354.x
https://doi.org/10.1111/j.1749-6632.2011.06354.x
https://doi.org/10.1097/ALN.0b013e3181fcef48
https://doi.org/10.1159/000324894
https://doi.org/10.1080/02791072.2012.704593
https://www.cancer.org/cancer/cancer-basics/history-of-cancer/cancer-treatment-chemo.html
https://www.cancer.org/cancer/cancer-basics/history-of-cancer/cancer-treatment-chemo.html
http://web.archive.org/web/20210707102929/https:/www.cancer.org/cancer/cancer-basics/history-of-cancer/cancer-treatment-chemo.html
http://web.archive.org/web/20210707102929/https:/www.cancer.org/cancer/cancer-basics/history-of-cancer/cancer-treatment-chemo.html
https://doi.org/10.1038/jid.1949.63
https://doi.org/10.1021/ja01203a077
https://doi.org/10.1093/rheumatology/36.3.382
https://doi.org/10.1111/j.0954-6820.1942.tb06841.x
https://doi.org/10.1021/ja01175a065
https://doi.org/10.1126/science.106.2757.417


383 

 

88. K. Brune, B. Renner, G. Tiegs, Acetaminophen/paracetamol: A 

history of errors, failures and false decisions. European Journal of 

Pain 19, 953-65 (2015). doi.org/10.1002/ejp.621   

89. M. W. Whitehouse, Drugs to treat inflammation: A historical 

introduction. Current Medicinal Chemistry 12, 2931-42 (2005). 

doi.org/10.2174/092986705774462879   

90. P. S. Hench, E. C. Kendall, C. H. Slocumb, H. F. Polley, The effect 

of a hormone of the adrenal cortex (17-hydroxy-11-

dehydrocorticosterone: Compound E) and of pituitary adrenocortical 

hormone in arthritis: Preliminary report. Annals of the Rheumatic 

Diseases 8, 97-104 (1949). doi.org/10.1136/ard.8.2.97  

ncbi.nlm.nih.gov/pmc/PMC1030685 

91. P. S. Hench, Effect of jaundice on rheumatoid arthritis. British 

Medical Journal 2, 394-8 (1938). doi.org/10.1136/bmj.2.4050.394  

92. G. F. Still, On a form of chronic joint disease in children. Medico-

Chirurgical Transactions 80, 47-60 9 (1897).   

ncbi.nlm.nih.gov/pmc/PMC2036674 

93. J. Newman, F. Baranyovits, H. Jameson, D. Price-Jones, "Benzene 

hexachloride" in Jealott's Hill Fifty years of Agricultural Researchl: 

1928-1978, F. Peacock, Ed,  (Imperial Chemical Industries Limited, 

1978),  chap. 5. https://archive.org/details/jealottshillfift0000peac 

94. N. Robbins, S. E. Koch, M. Tranter, J. Rubinstein, The history and 

future of probenecid. Cardiovascular Toxicology 12, 1-9 (2012). 

doi.org/10.1007/s12012-011-9145-8   

95. P. N. Swift, S. R. M. Bushby, HÆmophilus influenzÆ meningitis 

treated with polymyxin. Lancet 258, 183-90 (1951). 

doi.org/10.1016/s0140-6736(51)91437-7   

96. G. C. Ainsworth, A. M. Brown, G. Brownlee, Aerosporin, an 

antibiotic produced by Bacillus aerosporus Greer. Nature 159, 263 

(1947). doi.org/10.1038/160263a0   

97. R. D. Pattanayak, R. Sagar, A. Pal, Tracing the journey of 

disulfiram: From an unintended discovery to a treatment option for 

alcoholism. Journal of Mental Health and Human Behaviour 20, 41-3 

(2015). doi.org/10.4103/0971-8990.164826   

98. W. McDermott, The story of INH. Journal of Infectious Diseases 

119, 678-83 (1969). doi.org/10.1093/infdis/119.6.678   

99. H. R. Dorkins, Suxamethonium-the development of a modern drug 

from 1906 to the present day. Medical History 26, 145-68 (1982). 

doi.org/10.1017/s0025727300041132  

ncbi.nlm.nih.gov/pmc/PMC1139149 

100. H. Brockmann, W. Henkel, Pikromycin, ein bitter schmeckendes 

Antibioticum aus Actinomyceten (Antibiotica aus Actinomyceten, VI. 

Mitteil. Chemische Berichte 84, 284-8 (1951). 

doi.org/10.1002/cber.19510840306   

101. G. M. Shull, J. B. Routien, A. C. Finlay, Cycloserine and 

production thereof, US2773878A (1956),  

102. R. W. Gifford, Jr., G. M. Roth, W. F. Kvale, Evaluation of new 

adrenolytic drug (regitine) as test for pheochromocytoma. Journal of 

the American Medical Association 149, 1628-34 (1952). 

doi.org/10.1001/jama.1952.02930350016005   

103. R. Meier, F. F. Yonkman, et al., A new imidazoline derivative 

with marked adrenolytic properties. Proceedings of the Society for 

Experimental Biology and Medicine 71, 70-2 (1949). 

doi.org/10.3181/00379727-71-17083p   

104. R. Meier, Antistine and related imidazolines. Ann N Y Acad Sci 

50, 1161-76 (1950). doi.org/10.1111/j.1749-6632.1950.tb39908.x   

105. H. B. Wright, M. B. Moore, Local anesthetics. V. 4-

morpholinylalkyl aryl ether. Journal of the American Chemical Society 

76, 4396-8 (2002). doi.org/10.1021/ja01646a037   

106. A. N. Malaviya, Landmark papers on the discovery of 

methotrexate for the treatment of rheumatoid arthritis and other 

systemic inflammatory rheumatic diseases: A fascinating story. 

International Journal of Rheumatic Diseases 19, 844-51 (2016). 

doi.org/10.1111/1756-185X.12862   

107. G. R. Murray, Note on the treatment of myxoedema by 

hypodermic injections of an extract of the thyroid gland of a sheep. 

British Medical Journal 2, 796-7 (1891). 

doi.org/10.1136/bmj.2.1606.796  

ncbi.nlm.nih.gov/pmc/PMC2273741 

108. L. Rosenfeld, Discovery and early uses of iodine. Journal of 

Chemical Education 77, 984 (2000). doi.org/10.1021/ed077p984   

109. H. Timmerman, "Histamine H1 blockers: From relative failures 

to blockbusters within series of analogues" in Analogue-based Drug 

Discovery, J. Fischer, C. R. Ganellin, Eds.,  (Wiley, 2006), vol. 1, chap. 

18, pp. 401-18. doi.org/10.1002/3527608001.ch21 

110. G. H. Hitchings, G. B. Elion, et al., Pyrimidine derivatives as 

antagonists of pteroylglutamic acid. Journal of Biological Chemistry 

174, 765 (1948). doi.org/10.1016/S0021-9258(18)57361-0   

111. G. B. Elion, E. Burgi, G. H. Hitchings, Studies on condensed 

pyrimidine systems. IX. The synthesis of some 6-substituted purines. 

Journal of the American Chemical Society 74, 411-4 (2002). 

doi.org/10.1021/ja01122a037   

112. J. H. Burchenal, M. L. Murphy, R. R. Ellison, M. P. Sykes, T. C. 

Tan, L. A. Leone, D. A. Karnofsky, L. F. Craver, H. W. Dargeon, C. 

P. Rhoads, Clinical evaluation of a new antimetabolite, 6-

mercaptopurine, in the treatment of leukemia and allied diseases. 

Blood 8, 965-99 (1953). doi.org/10.1182/blood.V8.11.965.965   

113. G. B. Elion, The purine path to chemotherapy. Science 244, 41-7 

(1989). doi.org/10.1126/science.2649979   

114. E. A. Falco, L. G. Goodwin, G. H. Hitchings, I. M. Rollo, P. B. 

Russell, 2:4-diaminopyrimidines- a new series of antimalarials. British 

Journal of Pharmacology and Chemotherapy 6, 185-200 (1951). 

doi.org/10.1111/j.1476-5381.1951.tb00634.x  

ncbi.nlm.nih.gov/pmc/PMC1509213 

115. H. Lang, M. Hropot, "Discovery and development of diuretic 

agents" in Diuretics, R. F. Greger, H. Knauf, E. Mutschler, Eds., in 

series: Handbook of Experimental Pharmacology.  (Springer, 1995), 

vol. 117, pp. 141-72. doi.org/10.1007/978-3-642-79565-7_4 

116. Death after new drug. British Medical Journal 2, 633 (1950).   

ncbi.nlm.nih.gov/pmc/PMC2038460 

117. P. J. Hauptman, R. A. Kelly, Digitalis. Circulation 99, 1265-70 

(1999). doi.org/10.1161/01.cir.99.9.1265   

118. S. Wray, D. A. Eisner, D. G. Allen, Two hundred years of the 

foxglove. Medical History. Supplement 29, 132-50 (1985). 

https://doi.org/10.1002/ejp.621
https://doi.org/10.2174/092986705774462879
https://doi.org/10.1136/ard.8.2.97
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1030685
https://doi.org/10.1136/bmj.2.4050.394
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2036674
https://archive.org/details/jealottshillfift0000peac
https://doi.org/10.1007/s12012-011-9145-8
https://doi.org/10.1016/s0140-6736(51)91437-7
https://doi.org/10.1038/160263a0
https://doi.org/10.4103/0971-8990.164826
https://doi.org/10.1093/infdis/119.6.678
https://doi.org/10.1017/s0025727300041132
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1139149
https://doi.org/10.1002/cber.19510840306
https://doi.org/10.1001/jama.1952.02930350016005
https://doi.org/10.3181/00379727-71-17083p
https://doi.org/10.1111/j.1749-6632.1950.tb39908.x
https://doi.org/10.1021/ja01646a037
https://doi.org/10.1111/1756-185X.12862
https://doi.org/10.1136/bmj.2.1606.796
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2273741
https://doi.org/10.1021/ed077p984
https://doi.org/10.1002/3527608001.ch21
https://doi.org/10.1016/S0021-9258(18)57361-0
https://doi.org/10.1021/ja01122a037
https://doi.org/10.1182/blood.V8.11.965.965
https://doi.org/10.1126/science.2649979
https://doi.org/10.1111/j.1476-5381.1951.tb00634.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1509213
https://doi.org/10.1007/978-3-642-79565-7_4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2038460
https://doi.org/10.1161/01.cir.99.9.1265


384 

 

doi.org/10.1017/s0025727300070551  

ncbi.nlm.nih.gov/pmc/PMC2557413 

119. I. R. Fahmy, H. Abu-Shady, Ammi majus Linn.; 

pharmacognostical study and isolation of a crystalline constituent, 

ammoidin. Quarterly Journal of Pharmacy and Pharmacology 20, 

281-91 (1947).    

120. H. Ekiert, "Ammi majus L. (bishop’s weed): In vitro culture and 

the production of coumarin compounds" in Medicinal and Aromatic 

Plants IV, Y. P. S. Bajaj, Ed, in series: Biotechnology in Agriculture 

and Forestry.  (Springer, 1993), vol. 21, chap. 1, pp. 1-17. 

doi.org/10.1007/978-3-642-77004-3_1 

121. M. Pirmohamed, Warfarin: Almost 60 years old and still causing 

problems. British Journal of Clinical Pharmacology 62, 509-11 

(2006). doi.org/10.1111/j.1365-2125.2006.02806.x  

ncbi.nlm.nih.gov/pmc/PMC1885167 

122. T. A. Ban, Fifty years chlorpromazine: A historical perspective. 

Neuropsychiatric Disease and Treatment 3, 495-500 (2007).   

ncbi.nlm.nih.gov/pmc/PMC2655089 

123. F. Lopez-Munoz, C. Alamo, E. Cuenca, W. W. Shen, P. Clervoy, 

G. Rubio, History of the discovery and clinical introduction of 

chlorpromazine. Annals of Clinical Psychiatry 17, 113-35 (2005). 

doi.org/10.1080/10401230591002002   

124. R. L. Myers, The 100 Most Important Chemical Compounds: A 

Reference Guide,  (Greenwood, 2007). 

https://archive.org/details/100mostimportant0000myer 

125. L. Panizzon, La preparazione di piridil- e piperidil-arilacetonitrili 

e di alcuni prodotti di trasformazione (Parte Ia). Helvetica Chimica 

Acta 27, 1748-56 (1944). doi.org/10.1002/hlca.194402701222   

126. R. Meier, F. Gross, J. Tripod, [Ritalin, a new synthetic compound 

with specific analeptic components]. Klinische Wochenschrift 32, 445-

50 (1954). doi.org/10.1007/BF01466968   

127. D. Ramchandani, F. Lopez-Munoz, C. Alamo, Meprobamate-

tranquilizer or anxiolytic? A historical perspective. Psychiatric 

Quarterly 77, 43-53 (2006). doi.org/10.1007/s11126-006-7960-z   

128. J. Barr, A short history of dapsone, or an alternative model of drug 

development. Journal of the History of Medicine and Allied Sciences 

66, 425-67 (2011). doi.org/10.1093/jhmas/jrq068   

129. J. Black, Diazoxide and the treatment of hypoglycemia: An 

historical review. Ann N Y Acad Sci 150, 194-203 (1968). 

doi.org/10.1111/j.1749-6632.1968.tb19045.x   

130. J. J. Li, Laughing gas, Viagra, and Lipitor: The Human Stories 

Behind the Drugs We Use,  (Oxford University Press, 2006). 

doi.org/10.1093/oso/9780195300994.001.0001, 

https://archive.org/details/laughinggasviagr0000liji 

131. G. H. Fromm, "Antiepileptic actions of ethosuximide" in Drugs 

for the Control of Epilepsy Actions on Neuronal Networks Involved in 

Seizure Disorders, C. L. Faingold, G. H. Fromm, Eds.,  (CRC, 1992),  

chap. 25. doi.org/10.1201/9780429262623 

132. K. Okamoto, H. Kadowaki, S. Sono, Syntheses of 

antispasmodics. VI. Yakugaku Zasshi. Journal of the Pharmaceutical 

Society of Japan 76, 880-3 (1956). 

doi.org/10.1248/yakushi1947.76.8_880   

133. J. D. Dutcher, The discovery and development of amphotericin B. 

Diseases of the Chest 54, Suppl 1:296-8 (1968). 

doi.org/10.1378/chest.54.supplement_1.296   

134. A. V. Espinel-Ingroff, Medical Mycology in the United States,  

(Springer, 2003), pp. 62. doi.org/10.1007/978-94-017-0311-6 

135. D. P. Levine, Vancomycin: A history. Clinical Infectious 

Diseases 42 Suppl 1, S5-12 (2006). doi.org/10.1086/491709   

136. S. M. Gallagher, From the battlefield to the bladder: The 

development of thioTEPA. World Journal of Clinical Urology 3, 195-

200 (2014). doi.org/10.5410/wjcu.v3.i3.195   

137. F. L. Rose, G. Swain, 850. Bisdiguanides having antibacterial 

activity. Journal of the Chemical Society, 4422-5 (1956). 

doi.org/10.1039/jr9560004422   

138. F. M. Berger, M. Kletzkin, B. J. Ludwig, S. Margolin, The 

history, chemistry, and pharmacology of carisoprodol. Ann N Y Acad 

Sci 86, 90-107 (1960). doi.org/10.1111/j.1749-6632.1960.tb42792.x   

139. I. H. Leopold, P. Gold, D. Gold, Use of a thiophosphinyl 

quaternary compound (217-MI) in treatment of glaucoma. A.M.A. 

Archives of Ophthalmology 58, 363-6 (1957). 

doi.org/10.1001/archopht.1957.00940010375007   

140. G. B. Koelle, E. C. Steiner, The cerebral distributions of a tertiary 

and a quaternary anticholinesterase agent following intravenous and 

intraventricular injection. Journal of Pharmacology and Experimental 

Therapeutics 118, 420-34 (1956).    

141. P. S. Nigam, A. Singh, "Metabolic pathways | Production of 

secondary metabolites – fungi" in Encyclopedia of Food Microbiology, 

C. A. Batt, M. L. Tortorello, Eds.,  (Academic Press, 2014), pp. 570-

8. doi.org/10.1016/B978-0-12-384730-0.00202-0 

142. M. Abou-Gharbia, W. E. Childers, "Venlafaxine and 

desvenlafaxine, selective norepinephrine and serotonin reuptake 

inhibitors to treat major depressive disorder" in Analogue-Based Drug 

Discovery, J. Fischer, C. R. Ganellin, Eds.,  (Wiley, 2010), vol. 2, chap. 

21, pp. 507-24. doi.org/10.1002/9783527630035.ch21 

143. F. Lopez-Munoz, C. Alamo, G. Juckel, H. J. Assion, Half a 

century of antidepressant drugs: On the clinical introduction of 

monoamine oxidase inhibitors, tricyclics, and tetracyclics. Part I: 

Monoamine oxidase inhibitors. Journal of Clinical 

Psychopharmacology 27, 555-9 (2007). 

doi.org/10.1097/jcp.0b013e3181bb617   

144. I. J. Selikoff, E. H. Robitzek, G. G. Ornstein, Treatment of 

pulmonary tuberculosis with hydrazide derivatives of isonicotinic acid. 

Journal of the American Medical Association 150, 973-80 (1952). 

doi.org/10.1001/jama.1952.03680100015006   

145. W. A. Brown, M. Rosdolsky, The clinical discovery of 

imipramine. American Journal of Psychiatry 172, 426-9 (2015). 

doi.org/10.1176/appi.ajp.2015.14101336   

146. R. Kuhn, Artistic imagination and the discovery of 

antidepressants. Journal of Psychopharmacology 4, 127-30 (1990). 

doi.org/10.1177/026988119000400305   

147. K. O. Nakken, E. Brodtkorb, Chance, serendipity and 

antiepileptic drugs. Tidsskrift for den Norske Laegeforening 137,  

(2017). doi.org/10.4045/tidsskr.17.0438   

https://doi.org/10.1017/s0025727300070551
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2557413
https://doi.org/10.1007/978-3-642-77004-3_1
https://doi.org/10.1111/j.1365-2125.2006.02806.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1885167
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2655089
https://doi.org/10.1080/10401230591002002
https://archive.org/details/100mostimportant0000myer
https://doi.org/10.1002/hlca.194402701222
https://doi.org/10.1007/BF01466968
https://doi.org/10.1007/s11126-006-7960-z
https://doi.org/10.1093/jhmas/jrq068
https://doi.org/10.1111/j.1749-6632.1968.tb19045.x
https://doi.org/10.1093/oso/9780195300994.001.0001
https://archive.org/details/laughinggasviagr0000liji
https://doi.org/10.1201/9780429262623
https://doi.org/10.1248/yakushi1947.76.8_880
https://doi.org/10.1378/chest.54.supplement_1.296
https://doi.org/10.1007/978-94-017-0311-6
https://doi.org/10.1086/491709
https://doi.org/10.5410/wjcu.v3.i3.195
https://doi.org/10.1039/jr9560004422
https://doi.org/10.1111/j.1749-6632.1960.tb42792.x
https://doi.org/10.1001/archopht.1957.00940010375007
https://doi.org/10.1016/B978-0-12-384730-0.00202-0
https://doi.org/10.1002/9783527630035.ch21
https://doi.org/10.1097/jcp.0b013e3181bb617
https://doi.org/10.1001/jama.1952.03680100015006
https://doi.org/10.1176/appi.ajp.2015.14101336
https://doi.org/10.1177/026988119000400305
https://doi.org/10.4045/tidsskr.17.0438


385 

 

148. E. Magiorkinis, A. Diamantis, K. Sidiropoulou, C. Panteliadis, 

Highights in the history of epilepsy: The last 200 years. Epilepsy 

Research and Treatment 2014, 582039 (2014). 

doi.org/10.1155/2014/582039  ncbi.nlm.nih.gov/pmc/PMC4158257 

149. J. Black, A personal perspective on Dr. Paul Janssen. Journal of 

Medicinal Chemistry 48, 1687-8 (2005). doi.org/10.1021/jm040195b   

150. F. Lopez-Munoz, C. Alamo, P. Garcia-Garcia, The discovery of 

chlordiazepoxide and the clinical introduction of benzodiazepines: 

Half a century of anxiolytic drugs. Journal of Anxiety Disorders 25, 

554-62 (2011). doi.org/10.1016/j.janxdis.2011.01.002   

151. J. Flynn, In two generations, drug research sees a big shift. Wall 

Street Journal (2004), Accessed at 28 October 2020, 

https://www.wsj.com/articles/SB107644751774825922, also see 

https://www.science.org/content/blog-post/old-days-some-older-than-

others (9 September 2021), 

web.archive.org/web/20210909121804/https://www.science.org/cont

ent/blog-post/old-days-some-older-than-others 

152. T. Tomson, D. Battino, E. Perucca, The remarkable story of 

valproic acid. Lancet Neurology 15, 141 (2016). 

doi.org/10.1016/S1474-4422(15)00398-1   

153. W. Löscher, "The discovery of valproate" in Valproate, W. 

Löscher, Ed, in series: Milestones in Drug Therapy.  (Birkhäuser, 

1999),  chap. 1, pp. 1-3. doi.org/10.1007/978-3-0348-8759-5_1 

154. E. Scholar, "Chlophedianol" in xPharm: The Comprehensive 

Pharmacology Reference, S. J. Enna, D. B. Bylund, Eds.,  (Elsevier, 

2007), pp. 1-3. doi.org/10.1016/B978-008055232-3.61436-9 

155. R. B. Barnes, D. A. Ehrmann, R. L. Rosenfield, 

"Hyperandrogenism, hirsutism, and the polycystic ovary syndrome" in 

Endocrinology: Adult and Pediatric, J. L. Jameson, L. J. De Groot, 

Eds.,  (Elsevier, 6 edition, 2010), vol. 1, chap. 132, pp. 2401.  

156. W. G. Smith, Spironolactone and gynÆcomastia. Lancet 280, 886 

(1962). doi.org/10.1016/s0140-6736(62)90668-2   

157. J. R. Schwartz, Zinc pyrithione: A topical antimicrobial with 

complex pharmaceutics. Journal of Drugs in Dermatology 15, 140-4 

(2016).    

158. E. C. White, J. H. Hill, Studies on antibacterial products formed 

by molds: I. Aspergillic acid, a product of a strain of Aspergillus 

flavus. Journal of Bacteriology 45, 433-43 (1943). 

doi.org/10.1128/jb.45.5.433-443.1943  

ncbi.nlm.nih.gov/pmc/PMC373761 

159. N. Parikh, M. Yilanli, A. Saadabadi, "Tranylcypromine",  vol. 

2020 Oct 31,  (StatPearls, 2020). 

ncbi.nlm.nih.gov/books/NBK459162/ 

160. R. E. Tedeschi, D. H. Tedeschi, P. L. Ames, L. Cook, P. A. Mattis, 

E. J. Fellows, Some pharmacological observations on tranylcypromine 

(SKF trans-385), a potent inhibitor of monoamine oxidase. 

Proceedings of the Society for Experimental Biology and Medicine 

102, 380-1 (1959). doi.org/10.3181/00379727-102-25256   

161. A. R. Maass, M. J. Nimmo, A new inhibitor of serotonin 

metabolism. Nature 184(Suppl 8), 547-8 (1959). 

doi.org/10.1038/184547b0   

162. M. C. Petersen, B. J. Mc, Treatment of affective depression with 

trans-dl-phenylcyclopropylamine hydrochloride; a preliminary report. 

American Journal of Psychiatry 116, 67-8 (1959). 

doi.org/10.1176/ajp.116.1.67   

163. C. T. Ramachandraih, N. Subramanyam, K. J. Bar, G. Baker, V. 

K. Yeragani, Antidepressants: From MAOIs to SSRIs and more. 

Indian Journal of Psychiatry 53, 180-2 (2011). doi.org/10.4103/0019-

5545.82567  ncbi.nlm.nih.gov/pmc/PMC3136031 

164. H. H. Anderson, N. A. David, D. A. Koch, Effects of the 

halogenation of oxyquinoline on biological activity. Experimental 

Biology and Medicine 28, 484-5 (1931). doi.org/10.3181/00379727-

28-5380   

165. F. R. Greenbaum, Allantoin. The American Journal of Surgery 

34, 259-65 (1936). doi.org/10.1016/s0002-9610(36)90802-4   

166. J. Duffin, Poisoning the spindle: Serendipity and discovery of the 

anti-tumor properties of the Vinca alkaloids. Canadian Bulletin of 

Medical History. Bulletin Canadien d'Histoire de la M�decine 17, 

155-92 (2000). doi.org/10.3138/cbmh.17.1.155   

167. W. G. Eisert, Dipyridamole in antithrombotic treatment. 

Advances in Cardiology 47, 78-86 (2012). doi.org/10.1159/000338053   

168. J. R. Mitchell, Theory and practice in prevention of arterial 

thrombosis. British Heart Journal 48, 417-20 (1982). 

doi.org/10.1136/hrt.48.5.417  ncbi.nlm.nih.gov/pmc/PMC482723 

169. R. D. Bunag, C. R. Douglas, S. Imai, R. M. Berne, Influence of a 

pyrimidopyrimidine derivative on deamination of adenosine by blood. 

Circulation Research 15, 83-8 (1964). doi.org/10.1161/01.res.15.1.83   

170. L. Schwartz, S. M. Peck, I. Botvinick, A. L. Leibovitz, E. S. 

Frasier, "Control of ringworm of the scalp among school children in 

Hagerstown, Maryland, 1944-1945" in Public Health Bulletin,  (U.S. 

Government Printing Office, 1946).  

171. C. Heidelberger, N. K. Chaudhuri, P. Danneberg, D. Mooren, L. 

Griesbach, R. Duschinsky, R. J. Schnitzer, E. Pleven, J. Scheiner, 

Fluorinated pyrimidines, a new class of tumour-inhibitory compounds. 

Nature 179, 663-6 (1957). doi.org/10.1038/179663a0   

172. C. Heidelberger, K. C. Leibman, E. Harbers, P. M. Bhargava, The 

comparative utilization of uracil-2-C14 by liver, intestinal mucosa, and 

Flexner-Jobling carcinoma in the rat. Cancer Research 17, 399-404 

(1957).    

173. G. A. Stein, H. A. Bronner, K. Pfister, α-methyl α-amino acids. 

II. derivatives of DL-phenylalanine. Journal of the American Chemical 

Society 77, 700-3 (1955). doi.org/10.1021/ja01608a046   

174. A. Sjoerdsma, Methyldopa. British Journal of Clinical 

Pharmacology 13, 45-9 (1982). doi.org/10.1111/j.1365-

2125.1982.tb01335.x  ncbi.nlm.nih.gov/pmc/PMC1401778 

175. J. Samuelson, Why metronidazole is active against both bacteria 

and parasites. Antimicrobial Agents & Chemotherapy 43, 1533-41 

(1999). doi.org/10.1128/AAC.43.7.1533  

ncbi.nlm.nih.gov/pmc/PMC89320 

176. D. L. S. Shinn, Metronidazole in acute ulcerative gingivitis. 

Lancet 279, 1191 (1962). doi.org/10.1016/s0140-6736(62)92243-2   

177. C. Cosar, L. Julou, [The activity of 1-(2-hydroxyethyl)-2-methyl-

5-nitroimidazole (R. P. 8823) against experimental Trichomonas 

vaginalis infections]. Annales de l'Institut Pasteur 96, 238-41 (1959).    

178. C. A. Fink, J. M. McKenna, L. H. Werner, "Diuretic and 

uricosuric agents" in Burger's Medicinal Chemistry and Drug 

https://doi.org/10.1155/2014/582039
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4158257
https://doi.org/10.1021/jm040195b
https://doi.org/10.1016/j.janxdis.2011.01.002
https://www.wsj.com/articles/SB107644751774825922
https://www.science.org/content/blog-post/old-days-some-older-than-others
https://www.science.org/content/blog-post/old-days-some-older-than-others
http://web.archive.org/web/20210909121804/https:/www.science.org/content/blog-post/old-days-some-older-than-others
http://web.archive.org/web/20210909121804/https:/www.science.org/content/blog-post/old-days-some-older-than-others
https://doi.org/10.1016/S1474-4422(15)00398-1
https://doi.org/10.1007/978-3-0348-8759-5_1
https://doi.org/10.1016/B978-008055232-3.61436-9
https://doi.org/10.1016/s0140-6736(62)90668-2
https://doi.org/10.1128/jb.45.5.433-443.1943
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC373761
https://www.ncbi.nlm.nih.gov/books/NBK459162/
https://doi.org/10.3181/00379727-102-25256
https://doi.org/10.1038/184547b0
https://doi.org/10.1176/ajp.116.1.67
https://doi.org/10.4103/0019-5545.82567
https://doi.org/10.4103/0019-5545.82567
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3136031
https://doi.org/10.3181/00379727-28-5380
https://doi.org/10.3181/00379727-28-5380
https://doi.org/10.1016/s0002-9610(36)90802-4
https://doi.org/10.3138/cbmh.17.1.155
https://doi.org/10.1159/000338053
https://doi.org/10.1136/hrt.48.5.417
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC482723
https://doi.org/10.1161/01.res.15.1.83
https://doi.org/10.1038/179663a0
https://doi.org/10.1021/ja01608a046
https://doi.org/10.1111/j.1365-2125.1982.tb01335.x
https://doi.org/10.1111/j.1365-2125.1982.tb01335.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1401778
https://doi.org/10.1128/AAC.43.7.1533
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC89320
https://doi.org/10.1016/s0140-6736(62)92243-2


386 

 

Discovery, D. J. Abraham, Ed,  (Wiley, 6 edition, 2003), vol. 3, chap. 

2, pp. 125.  

179. J. Spizek, T. Rezanka, Lincosamides: Chemical structure, 

biosynthesis, mechanism of action, resistance, and applications. 

Biochemical Pharmacology 133, 20-8 (2017). 

doi.org/10.1016/j.bcp.2016.12.001   

180. D. Mason, A. Dietz, C. DeBoer, Lincomycin, a new antibiotic. I. 

Discovery and biological properties. Antimicrob. Agents Chemother 

1962, 554-9 (1962).    

181. A. J. Macleod, H. B. Ross, R. L. Ozere, G. Digout, R. Van, 

Lincomycin: A new antibiotic active against staphylococci and other 

gram-positive cocci: Clinical and laboratory studies. Canadian 

Medical Association Journal 91, 1056-60 (1964).   

ncbi.nlm.nih.gov/pmc/PMC1928283 

182. U. Hollstein, Actinomycin. Chemistry and mechanism of action. 

Chemical Reviews 74, 625-52 (1974). doi.org/10.1021/cr60292a002   

183. S. A. Waksman, H. B. Woodruff, Bacteriostatic and bactericidal 

substances produced by a soil actinomyces. Experimental Biology and 

Medicine 45, 609-14 (1940). doi.org/10.3181/00379727-45-11768   

184. C. S. Yost, A new look at the respiratory stimulant doxapram. 

CNS Drug Reviews 12, 236-49 (2006). doi.org/10.1111/j.1527-

3458.2006.00236.x  ncbi.nlm.nih.gov/pmc/PMC6506195 

185. K. Brune, B. Hinz, The discovery and development of 

antiinflammatory drugs. Arthritis and Rheumatism 50, 2391-9 (2004). 

doi.org/10.1002/art.20424   

186. H. M. Robinson, Tolnaftate, a potent topical antifungal agent. 

Archives of Dermatology 91, 372-6 (1965). 

doi.org/10.1001/archderm.1965.01600100088024   

187. T. Noguchi, 2-naphthyl arylmethylthiono-carbomates, novel 

antitrichophyton agents. presented at Second Interscience Conference 

on Antimicrobal Agents and Chemotherapy, Chicago,  Year, pp. 

abstract 34.  

188. W. L. Davies, R. R. Grunert, R. F. Haff, J. W. McGahen, E. M. 

Neumayer, M. Paulshock, J. C. Watts, T. R. Wood, E. C. Hermann, C. 

E. Hoffmann, Antiviral activity of 1-adamantanamine (amantadine). 

Science 144, 862-3 (1964). doi.org/10.1126/science.144.3620.862   

189. E. C. Herrmann, Jr., J. Gabliks, C. Engle, P. L. Perlman, Agar 

diffusion method for detection and bioassay of antiviral antibiotics. 

Proceedings of the Society for Experimental Biology and Medicine 

103, 625-8 (1960). doi.org/10.3181/00379727-103-25617   

190. G. Hubsher, M. Haider, M. S. Okun, Amantadine: The journey 

from fighting flu to treating Parkinson disease. Neurology 78, 1096-9 

(2012). doi.org/10.1212/WNL.0b013e31824e8f0d   

191. R. A. Maxwell, S. B. Eckhardt, "Furosemide" in Drug Discovery,  

(Humana, 1990),  chap. 5, pp. 67-77. http://doi.org/10.1007/978-1-

4612-0469-5_5 

192. History – Furosemide, also known as the brand name Lasix. 

Accessed at 28 July 2021, https://furosemide.com/history/,  

193. E. M. Tansey, Henry Dale and the discovery of acetylcholine. 

Comptes rendus: Biologies 329, 419-25 (2006). 

doi.org/10.1016/j.crvi.2006.03.012   

194. A. J. Ewins, Acetylcholine, a new active principle of ergot. 

Biochemical Journal 8, 44-9 (1914). doi.org/10.1042/bj0080044  

ncbi.nlm.nih.gov/pmc/PMC1276542 

195. W. F. C. Dresler, R. Stein, Ueber den Hydroxylharnstoff. Annalen 

der Chemie und Pharmacie 150, 242-52 (1869). 

doi.org/10.1002/jlac.18691500212   

196. F. Rosenthal, L. Wislicki, L. Kollek, Über die Beziehungen von 

Schwersten Blutgiften zu Abbauprodukten des Eiweisses. Klinische 

Wochenschrift 7, 972-7 (1928). doi.org/10.1007/bf01716922   

197. N. Saban, M. Bujak, Hydroxyurea and hydroxamic acid 

derivatives as antitumor drugs. Cancer Chemotherapy and 

Pharmacology 64, 213-21 (2009). doi.org/10.1007/s00280-009-0991-

z   

198. P. A. Janssen, C. Van De Westeringh, A. H. Jageneau, P. J. 

Demoen, B. K. Hermans, G. H. Van Daele, K. H. Schellekens, C. A. 

Van Der Eycken, Chemistry and pharmacology of CNS depressants 

related to 4-(4-hydroxy-phenylpiperidino)butyrophenone. I. Synthesis 

and screening data in mice. Journal of Medicinal and Pharmaceutical 

Chemistry 1, 281-97 (1959). doi.org/10.1021/jm50004a007   

199. J. Black, Drugs from emasculated hormones: The principle of 

syntopic antagonism. Science 245, 486-93 (1989). 

doi.org/10.1126/science.2569237   

200. P. A. Janssen, A review of the chemical features associated with 

strong morphine-like activity. British Journal of Anaesthesia 34, 260-

8 (1962). doi.org/10.1093/bja/34.4.260   

201. P. A. J. Janssen, J. F. Gardocki, Method for producing analgesia, 

US3141823A (1964), (1962/09/04) 

202. J. P. Thomas, C. O. Baughn, R. G. Wilkinson, R. G. Shepherd, A 

new synthetic compound with antituberculous activity in mice: 

Ethambutol (dextro-2,2'-(ethylenediimino)-di-l-butanol). American 

Review of Respiratory Disease 83, 891-3 (1961). 

doi.org/10.1164/arrd.1961.83.6.891   

203. R. G. Shepherd, C. Baughn, M. L. Cantrall, B. Goodstein, J. P. 

Thomas, R. G. Wilkinson, Structure-activity studies leading to 

ethambutol, a new type of antituberculous compound. Ann N Y Acad 

Sci 135, 686-710 (1966). doi.org/10.1111/j.1749-

6632.1966.tb45516.x   

204. P. Zeller, H. Gutmann, B. Hegedus, A. Kaiser, A. Langemann, M. 

Muller, Methylhydrazine derivatives, a new class of cytotoxic agents. 

Experientia 19, 129 (1963). doi.org/10.1007/BF02171588   

205. W. Bollag, E. Grunberg, Tumour inhibitory effects of a new class 

of cytotoxic agents: Methylhydrazine derivatives. Experientia 19, 130-

1 (1963). doi.org/10.1007/BF02171589   

206. E. F. Domino, History and pharmacology of PCP and PCP-related 

analogs. Journal of Psychedelic Drugs 12, 223-7 (1980). 

doi.org/10.1080/02791072.1980.10471430   

207. National Center for Biotechnology Information, PubChem 

Compound Summary for CID 4211, Mitotane. (2020), Accessed at 12 

July 2021, https://pubchem.ncbi.nlm.nih.gov/compound/Mitotane, 

web.archive.org/web/20210712172224/https://pubchem.ncbi.nlm.nih.

gov/compound/Mitotane 

208. The initial scientific discussion for the approval of Lysodren. 

Accessed at 28 July 2021, 

https://www.ema.europa.eu/documents/scientific-

https://doi.org/10.1016/j.bcp.2016.12.001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1928283
https://doi.org/10.1021/cr60292a002
https://doi.org/10.3181/00379727-45-11768
https://doi.org/10.1111/j.1527-3458.2006.00236.x
https://doi.org/10.1111/j.1527-3458.2006.00236.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6506195
https://doi.org/10.1002/art.20424
https://doi.org/10.1001/archderm.1965.01600100088024
https://doi.org/10.1126/science.144.3620.862
https://doi.org/10.3181/00379727-103-25617
https://doi.org/10.1212/WNL.0b013e31824e8f0d
http://doi.org/10.1007/978-1-4612-0469-5_5
http://doi.org/10.1007/978-1-4612-0469-5_5
https://furosemide.com/history/
https://doi.org/10.1016/j.crvi.2006.03.012
https://doi.org/10.1042/bj0080044
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1276542
https://doi.org/10.1002/jlac.18691500212
https://doi.org/10.1007/bf01716922
https://doi.org/10.1007/s00280-009-0991-z
https://doi.org/10.1007/s00280-009-0991-z
https://doi.org/10.1021/jm50004a007
https://doi.org/10.1126/science.2569237
https://doi.org/10.1093/bja/34.4.260
https://doi.org/10.1164/arrd.1961.83.6.891
https://doi.org/10.1111/j.1749-6632.1966.tb45516.x
https://doi.org/10.1111/j.1749-6632.1966.tb45516.x
https://doi.org/10.1007/BF02171588
https://doi.org/10.1007/BF02171589
https://doi.org/10.1080/02791072.1980.10471430
https://pubchem.ncbi.nlm.nih.gov/compound/Mitotane
http://web.archive.org/web/20210712172224/https:/pubchem.ncbi.nlm.nih.gov/compound/Mitotane
http://web.archive.org/web/20210712172224/https:/pubchem.ncbi.nlm.nih.gov/compound/Mitotane
https://www.ema.europa.eu/documents/scientific-discussion/lysodren-epar-scientific-discussion_en.pdf


387 

 

discussion/lysodren-epar-scientific-discussion_en.pdf, 

web.archive.org/web/20210728171813/https://www.ema.europa.eu/e

n/documents/scientific-discussion/lysodren-epar-scientific-

discussion_en.pdf 

209. O. Hornykiewicz, L-DOPA: From a biologically inactive amino 

acid to a successful therapeutic agent. Amino Acids 23, 65-70 (2002). 

doi.org/10.1007/s00726-001-0111-9   

210. P. Da Re, L. Verlicchi, I. Setnikar, Some basic derivatives of 3-

methylflavone-8-carboxylic acid. Journal of Medicinal and 

Pharmaceutical Chemistry 2, 263-9 (1960). 

doi.org/10.1021/jm50010a002   

211. I. Setnikar, M. T. Ravasi, P. Da Re, Pharmacological properties 

of piperidinoethyl-3-methylflavone-8-carboxylate hydrochloride, a 

smooth-muscle relaxant. Journal of Pharmacology and Experimental 

Therapeutics 130, 356-63 (1960).    

212. D. J. Sheehan, S. M. Sheehan, A. A. Marchiondo, "Discovery and 

chemistry of pyrantel, morantel and oxantel" in Pyrantel Parasiticide 

Therapy in Humans and Domestic Animals, A. A. Marchiondo, Ed,  

(Academic Press, 2016),  chap. 1, pp. 1-19. 

http://doi.org/10.1016/b978-0-12-801449-3.00012-0 

213. W. C. Austin, W. Courtney, J. C. Danilewicz, D. H. Morgan, L. 

H. Conover, H. L. Howes, Jr., J. E. Lynch, J. W. McFarland, R. L. 

Cornwell, V. J. Theodorides, Pyrantel tartrate, a new anthelmintic 

effective against infections of domestic animals. Nature 212, 1273-4 

(1966). doi.org/10.1038/2121273b0   

214. H. L. Howes, J. E. Lynch, Anthelmintic studies with pyrantel. I. 

therapeutic and prophylactic efficacy against the enteral stages of 

various helminths in mice and dogs. The Journal of Parasitology 53, 

1085-91 (1967). doi.org/10.2307/3276845   

215. J. E. Lynch, B. Nelson, Preliminary anthelmintic studies with 

Nematospiroides dubius in mice. The Journal of Parasitology 45, 659-

62 (1959).    

216. E. P. Abraham, A glimpse of the early history of the 

cephalosporins. Reviews of Infectious Diseases 1, 99-105 (1979). 

doi.org/10.1093/clinids/1.1.99   

217. D. S. Wishart, Y. D. Feunang, A. Marcu, A. C. Guo, K. Liang et 

al., HMDB 4.0: The human metabolome database for 2018. Nucleic 

Acids Research 46, D608-D17 (2018). doi.org/10.1093/nar/gkx1089  

ncbi.nlm.nih.gov/pmc/PMC5753273 

218. H. A. Offe, "Historical introduction and chemical characteristics 

of antituberculosis drugs" in Antituberculosis Drugs, K. Bartmann, Ed, 

in series: Handbook of Experimental Pharmacology.  (Springer, 1988),  

chap. 1, pp. 1-30. doi.org/10.1007/978-3-642-72873-0_1 

219. H. W. Hermann, Clinical evaluation of haloprogin. Toxicology 

and Applied Pharmacology 23, 598-605 (1972). 

doi.org/10.1016/0041-008x(72)90100-7   

220. P. Sensi, History of the development of rifampin. Reviews of 

Infectious Diseases 5 Suppl 3, S402-6 (1983). 

doi.org/10.1093/clinids/5.supplement_3.s402   

221. A. G. McKenzie, Prelude to pancuronium and vecuronium. 

Anaesthesia 55, 551-6 (2000). doi.org/10.1046/j.1365-

2044.2000.01423.x   

222. T. Raghavendra, Neuromuscular blocking drugs: Discovery and 

development. Journal of the Royal Society of Medicine 95, 363-7 

(2002). doi.org/10.1258/jrsm.95.7.363  

ncbi.nlm.nih.gov/pmc/PMC1279945 

223. J. Howell, Roger Altounyan and the discovery of cromolyn 

(sodium cromoglycate). Journal of Allergy and Clinical Immunology 

115, 882-5 (2005). doi.org/10.1016/j.jaci.2004.12.011   

224. G. H. Hitchings, Biochemical background of trimethoprim-

sulphamethoxazole. Medical Journal of Australia 1, Suppl:5-9 (1973). 

doi.org/10.5694/j.1326-5377.1973.tb111178.x   

225. T. Hata, R. Sugawara, Mitomycin, a new antibiotic from 

Streptomyces. II. Description of the strain. Journal of Antibiotics 9, 

147-51 (1956).    

226. O. Hornykiewicz, "A quarter century of brain dopamine research" 

in Dopaminergic Systems and their Regulation, G. N. Woodruff, J. A. 

Poat, P. J. Roberts, Eds.,  (Palgrave Macmillan, 1986),  chap. 1, pp. 3-

18. doi.org/10.1007/978-1-349-07431-0_1 

227. G. Barger, H. H. Dale, Chemical structure and sympathomimetic 

action of amines. Journal of Physiology 41, 19-59 (1910). 

doi.org/10.1113/jphysiol.1910.sp001392  

ncbi.nlm.nih.gov/pmc/PMC1513032 

228. O. Hornykiewicz, The action of dopamine on the arterial blood 

pressure of the guinea-pig. British Journal of Pharmacology and 

Chemotherapy 13, 91-4 (1958). doi.org/10.1111/j.1476-

5381.1958.tb00197.x  ncbi.nlm.nih.gov/pmc/PMC1481693 

229. R. Vardanyan, V. Hruby, "Anthelmintics" in Synthesis of Best-

Seller Drugs, R. Vardanyan, V. Hruby, Eds.,  (Academic Press, 2016),  

chap. 36, pp. 749-64. doi.org/10.1016/b978-0-12-411492-0.00036-5 

230. H. D. Brown, A. R. Matzuk, I. R. Ilves, L. H. Peterson, S. A. 

Harris, L. H. Sarett, J. R. Egerton, J. J. Yakstis, W. C. Campbell, A. C. 

Cuckler, Antiparasitic drugs. Iv. 2-(4'-thiazolyl)-benzimidazole, a new 

anthelmintic. Journal of the American Chemical Society 83, 1764-5 

(2002). doi.org/10.1021/ja01468a052   

231. R. A. Fromtling, Overview of medically important antifungal 

azole derivatives. Clinical Microbiology Reviews 1, 187-217 (1988). 

doi.org/10.1128/CMR.1.2.187  ncbi.nlm.nih.gov/pmc/PMC358042 

232. D. W. Woolley, Some biological effects produced by 

benzimidazole and their reversal by purines. Journal of Biological 

Chemistry 152, 225-32 (1944). doi.org/10.1016/S0021-

9258(18)72045-0   

233. D. Jerchel, H. Fischer, M. Kracht, Zur Darstellung der 

Benzimidazole. Justus Liebigs Annalen der Chemie 575, 162-73 

(1952). doi.org/10.1002/jlac.19525750204   

234. M. J. Marino, R. E. Davis, H. Meltzer, L. J. S. Knutsen, M. 

Williams, "Schizophrenia" in Comprehensive Medicinal Chemistry II, 

J. B. Taylor, D. J. Triggle, Eds.,  (Elsevier, 2007), pp. 17-44. 

doi.org/10.1016/b0-08-045044-x/00162-0 

235. H. Stähle, A historical perspective: Development of clonidine. 

Best Practice & Research Clinical Anaesthesiology 14, 237-46 (2000). 

doi.org/10.1053/bean.2000.0079   

236. N. A. Pollock, R. G. Machon, H. Rosenberg, Early development, 

identification of mode of action, and use of dantrolene sodium: The 

role of Keith Ellis, Ph.D. Anesthesiology 126, 774-9 (2017). 

doi.org/10.1097/ALN.0000000000001596   

https://www.ema.europa.eu/documents/scientific-discussion/lysodren-epar-scientific-discussion_en.pdf
http://web.archive.org/web/20210728171813/https:/www.ema.europa.eu/en/documents/scientific-discussion/lysodren-epar-scientific-discussion_en.pdf
http://web.archive.org/web/20210728171813/https:/www.ema.europa.eu/en/documents/scientific-discussion/lysodren-epar-scientific-discussion_en.pdf
http://web.archive.org/web/20210728171813/https:/www.ema.europa.eu/en/documents/scientific-discussion/lysodren-epar-scientific-discussion_en.pdf
https://doi.org/10.1007/s00726-001-0111-9
https://doi.org/10.1021/jm50010a002
http://doi.org/10.1016/b978-0-12-801449-3.00012-0
https://doi.org/10.1038/2121273b0
https://doi.org/10.2307/3276845
https://doi.org/10.1093/clinids/1.1.99
https://doi.org/10.1093/nar/gkx1089
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5753273
https://doi.org/10.1007/978-3-642-72873-0_1
https://doi.org/10.1016/0041-008x(72)90100-7
https://doi.org/10.1093/clinids/5.supplement_3.s402
https://doi.org/10.1046/j.1365-2044.2000.01423.x
https://doi.org/10.1046/j.1365-2044.2000.01423.x
https://doi.org/10.1258/jrsm.95.7.363
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1279945
https://doi.org/10.1016/j.jaci.2004.12.011
https://doi.org/10.5694/j.1326-5377.1973.tb111178.x
https://doi.org/10.1007/978-1-349-07431-0_1
https://doi.org/10.1113/jphysiol.1910.sp001392
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1513032
https://doi.org/10.1111/j.1476-5381.1958.tb00197.x
https://doi.org/10.1111/j.1476-5381.1958.tb00197.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1481693
https://doi.org/10.1016/b978-0-12-411492-0.00036-5
https://doi.org/10.1021/ja01468a052
https://doi.org/10.1128/CMR.1.2.187
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC358042
https://doi.org/10.1016/S0021-9258(18)72045-0
https://doi.org/10.1016/S0021-9258(18)72045-0
https://doi.org/10.1002/jlac.19525750204
https://doi.org/10.1016/b0-08-045044-x/00162-0
https://doi.org/10.1053/bean.2000.0079
https://doi.org/10.1097/ALN.0000000000001596


388 

 

237. C. C. Johnson, Mechanism of actions and toxicity of 

nitroprusside. Experimental Biology and Medicine 26, 102-3 (1928). 

doi.org/10.3181/00379727-26-4160   

238. S. Mukherjee, A. Date, V. Patravale, H. C. Korting, A. Roeder, 

G. Weindl, Retinoids in the treatment of skin aging: An overview of 

clinical efficacy and safety. Clinical Interventions in Aging 1, 327-48 

(2006). doi.org/10.2147/ciia.2006.1.4.327  

ncbi.nlm.nih.gov/pmc/PMC2699641 

239. Y. F. Shealy, C. A. Krauth, S. J. Clayton, A. T. Shortnacy, W. R. 

Laster, Jr., Imidazoles V. 5(or 4)-(3-alkyl-3-methyl-1-

triazeno)imidazole-4(or 5)-carboxamides. Journal of Pharmaceutical 

Sciences 57, 1562-8 (1968). doi.org/10.1002/jps.2600570920   

240. C. W. Noell, C. C. Cheng, Pyrazoles. 3. Antileukemic activity of 

3-(3,3-dimethyl-1-triazeno)pyrazole-4-carboxamide. Journal of 

Medicinal Chemistry 12, 545-6 (1969). doi.org/10.1021/jm00303a625   

241. G. J. Sanger, P. L. R. Andrews, A history of drug discovery for 

treatment of nausea and vomiting and the implications for future 

research. Frontiers in Pharmacology 9, 913 (2018). 

doi.org/10.3389/fphar.2018.00913  

ncbi.nlm.nih.gov/pmc/PMC6131675 

242. D. B. Ludlum, "Development of the nitrosoureas" in Cancer 

Therapeutics, B. A. Teicher, Ed, in series: Cancer Drug Discovery and 

Development.  (Humana, 1997),  chap. 3, pp. 81-92. 

doi.org/10.1007/978-1-59259-717-8_3 

243. D. Cambridge, M. J. Davey, R. Massingham, The pharmacology 

of antihypertensive drugs with special reference to vasodilators, alpha-

adrenergic blocking agents and prazosin. Medical Journal of Australia 

2, 2-6 (1977). doi.org/10.5694/j.1326-5377.1977.tb107750.x   

244. R. R. Baker, The eicosanoids: A historical overview. Clinical 

Biochemistry 23, 455-8 (1990). doi.org/10.1016/0009-

9120(90)90255-s   

245. R. Kurzrok, C. C. Lieb, Biochemical studies of human semen. II. 

The action of semen on the human uterus. Experimental Biology and 

Medicine 28, 268-72 (1930). doi.org/10.3181/00379727-28-5265   

246. M. W. Goldblatt, Properties of human seminal plasma. Journal of 

Physiology 84, 208-18 (1935). 

doi.org/10.1113/jphysiol.1935.sp003269  

ncbi.nlm.nih.gov/pmc/PMC1394818 

247. U. S. Euler, Zur Kenntnis der pharmakologischen Wirkungen von 

Nativsekreten und Extrakten männlicher accessorischer 

Geschlechtsdrüsen. Naunyn-Schmiedebergs Archiv für Experimentelle 

Pathologie und Pharmakologie 175, 78-84 (1934). 

doi.org/10.1007/bf01861161   

248. N. Cimolai, Cyclobenzaprine: A new look at an old 

pharmacological agent. Expert Review of Clinical Pharmacology 2, 

255-63 (2009). doi.org/10.1586/ecp.09.5   

249. V. M. Quirke, Tamoxifen from failed contraceptive pill to best-

selling breast cancer medicine: A case-study in pharmaceutical 

innovation. Frontiers in Pharmacology 8, 620 (2017). 

doi.org/10.3389/fphar.2017.00620  

ncbi.nlm.nih.gov/pmc/PMC5600945 

250. V. C. Jordan, Tamoxifen: A most unlikely pioneering medicine. 

Nature Reviews Drug Discovery 2, 205-13 (2003). 

doi.org/10.1038/nrd1031   

251. W. Froestl, "Chemistry and pharmacology of GABAB receptor 

ligands" in Advances in Pharmacology, T. P. Blackburn, Ed,  

(Academic Press, 2010), vol. 58, pp. 19-62. doi.org/10.1016/S1054-

3589(10)58002-5 

252. W. Johann, H. Keberle, M. Wilhelm, Verfahren zur Herstellung 

neuer Aminosäuren, CH449046A (1963),  

253. P. W. Erhardt, L. Matos, "Selective beta-adrenergic receptor-

blocking agents" in Analogue-Based Drug Discovery, J. Fischer, C. R. 

Ganellin, Eds.,  (Wiley, 2010), vol. 1, chap. 8, pp. 193-232. 

doi.org/10.1002/3527608001.ch11 

254. A. F. Green, The discovery of bretylium and bethanidine. British 

Journal of Clinical Pharmacology 13, 25-34 (1982). 

doi.org/10.1111/j.1365-2125.1982.tb01333.x  

ncbi.nlm.nih.gov/pmc/PMC1401770 

255. A. P. Struyk, I. Hoette, G. Drost, J. M. Waisvisz, T. Van Eek, J. 

C. Hoogerheide, Pimaricin, a new antifungal antibiotic. Antibiotics 

Annual 5, 878-85 (1957).    

256. E. M. McNally, Can we do better than dobutamine? Circulation 

Research 113, 355-7 (2013). 

doi.org/10.1161/CIRCRESAHA.113.302000  

ncbi.nlm.nih.gov/pmc/PMC3869564 

257. I. I. Dedov, G. A. Mel’nichenko, A. M. Gorbacheva, Fifty years 

to bromocriptine. Herald of the Russian Academy of Sciences 89, 623-

7 (2020). doi.org/10.1134/s1019331619060030   

258. G. Michael Besser, R. F. Pfeiffer, M. O. Thorner, Anniversary 

review: 50 years since the discovery of bromocriptine. European 

Journal of Endocrinology. Oslo 179, R69-R75 (2018). 

doi.org/10.1530/EJE-18-0378   

259. E. Fluckiger, H. R. Wagner, [2-Br-alpha-ergokryptin: Influence 

on fertility and lactation in the rat]. Experientia 24, 1130-1 (1968). 

doi.org/10.1007/BF02147804   

260. M. K. Davies, A. Hollman, The opium poppy, morphine, and 

verapamil. Heart 88, 3 (2002). doi.org/10.1136/heart.88.1.3-a   

261. H. F. Oettgen, "L-asparaginase: Current status of clinical 

evaluation" in Antineoplastic and Immunosuppressive Agents, A. C. 

Sartorelli, D. G. Johns, Eds.,  (Springer, 1975),  chap. 40, pp. 742-6. 

doi.org/10.1007/978-3-642-65806-8_40 

262. J. G. Kidd, Regression of transplanted lymphomas induced in 

vivo by means of normal guinea pig serum. I. Course of transplanted 

cancers of various kinds in mice and rats given guinea pig serum, horse 

serum, or rabbit serum. The Journal of experimental medicine 98, 565-

82 (1953). doi.org/10.1084/jem.98.6.565  

ncbi.nlm.nih.gov/pmc/PMC2136344 

263. S. Kerpel-Fronius, "Cisplatin and its analogues for cancer 

chemotherapy" in Analogue-based Drug Discovery, J. Fischer, C. R. 

Ganellin, Eds.,  (Wiley, 2006), vol. 1, chap. 16, pp. 385-94. 

doi.org/10.1002/3527608001.ch19 

264. B. Rosenberg, L. Vancamp, T. Krigas, Inhibition of cell division 

in Escherichia coli by electrolysis products from a platinum electrode. 

Nature 205, 698-9 (1965). doi.org/10.1038/205698a0   

265. A. Dimarco, M. Gaetani, P. Orezzi, B. M. Scarpinato, R. 

Silvestrini, M. Soldati, T. Dasdia, L. Valentini, 'Daunomycin', a new 

antibiotic of the rhodomycin group. Nature 201, 706-7 (1964). 

doi.org/10.1038/201706a0   

https://doi.org/10.3181/00379727-26-4160
https://doi.org/10.2147/ciia.2006.1.4.327
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2699641
https://doi.org/10.1002/jps.2600570920
https://doi.org/10.1021/jm00303a625
https://doi.org/10.3389/fphar.2018.00913
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6131675
https://doi.org/10.1007/978-1-59259-717-8_3
https://doi.org/10.5694/j.1326-5377.1977.tb107750.x
https://doi.org/10.1016/0009-9120(90)90255-s
https://doi.org/10.1016/0009-9120(90)90255-s
https://doi.org/10.3181/00379727-28-5265
https://doi.org/10.1113/jphysiol.1935.sp003269
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1394818
https://doi.org/10.1007/bf01861161
https://doi.org/10.1586/ecp.09.5
https://doi.org/10.3389/fphar.2017.00620
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5600945
https://doi.org/10.1038/nrd1031
https://doi.org/10.1016/S1054-3589(10)58002-5
https://doi.org/10.1016/S1054-3589(10)58002-5
https://doi.org/10.1002/3527608001.ch11
https://doi.org/10.1111/j.1365-2125.1982.tb01333.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1401770
https://doi.org/10.1161/CIRCRESAHA.113.302000
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3869564
https://doi.org/10.1134/s1019331619060030
https://doi.org/10.1530/EJE-18-0378
https://doi.org/10.1007/BF02147804
https://doi.org/10.1136/heart.88.1.3-a
https://doi.org/10.1007/978-3-642-65806-8_40
https://doi.org/10.1084/jem.98.6.565
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2136344
https://doi.org/10.1002/3527608001.ch19
https://doi.org/10.1038/205698a0
https://doi.org/10.1038/201706a0


389 

 

266. A. Di Marco, M. Gaetani, L. Dorigotti, M. Soldati, O. Bellini, 

Daunomycin: A new antibiotic with antitumor activity. Tumori 

Journal 49, 203-17 (2018). doi.org/10.1177/030089166304900305   

267. W. D. Ollis, I. O. Sutherland, "A new family of antibiotics" in 

Recent Developments in the Chemistry of Natural Phenolic 

Compounds, W. D. Ollis, Ed,  (Pergamon, 1961), pp. 212-31. 

doi.org/10.1016/B978-1-4831-9843-9.50016-5 

268. G. R. Zins, The history of the development of minoxidil. Clinics 

in Dermatology 6, 132-47 (1988). doi.org/10.1016/0738-

081x(88)90078-8   

269. R. C. Terrell, The invention and development of enflurane, 

isoflurane, sevoflurane, and desflurane. Anesthesiology 108, 531-3 

(2008). doi.org/10.1097/ALN.0b013e31816499cc   

270. A. Sjoerdsma, K. Engelman, S. Spector, S. Udenfriend, Inhibition 

of catecholamine synthesis in man with alpha-methyl-tyrosine, an 

inhibitor of tyrosine hydroxylase. Lancet 2, 1092-4 (1965). 

doi.org/10.1016/s0140-6736(65)90062-0   

271. T. Nagatsu, M. Levitt, S. Udenfriend, Tyrosine hydroxylase: The 

initial step in norepinephrine biosynthesis. Journal of Biological 

Chemistry 239, 2910-7 (1964). doi.org/10.1016/S0021-

9258(18)93832-9   

272. S. Spector, A. Sjoerdsma, S. Udenfriend, Blockade of endogenous 

norepinephrine synthesis by alpha-methyl-tyrosine, an inhibitor of 

tyrosine hydroxylase. Journal of Pharmacology and Experimental 

Therapeutics 147, 86-95 (1965).    

273. M. M. Al-Yassiri, S. I. Ankier, P. K. Bridges, Trazodone--a new 

antidepressant. Life Sciences 28, 2449-58 (1981). 

doi.org/10.1016/0024-3205(81)90586-5   

274. B. Silvestrini, Trazodone: From the mental pain to the "dys-

stress" hypothesis of depression. Clinical Neuropharmacology 12 

Suppl 1, S4-10 (1989). doi.org/10.1097/00002826-198901001-00002   

275. B. Silvestrini, P. Valeri, Trazodone, a new avenue in the treatment 

of depression. Psychopathology 17 Suppl 2, 3-14 (1984). 

doi.org/10.1159/000284086   

276. V. A. Cullum, J. B. Farmer, D. Jack, G. P. Levy, Salbutamol: A 

new, selective beta-adrenoceptive receptor stimulant. British Journal 

of Pharmacology 35, 141-51 (1969). doi.org/10.1111/j.1476-

5381.1969.tb07975.x  ncbi.nlm.nih.gov/pmc/PMC1703073 

277. V. F. Roche, "Cancer and chemotherapy" in Foye's Principles of 

medicinal Chemistry, T. L. Lemke, D. A. Williams, V. F. Roche, S. W. 

Zito, Eds.,  (Lippincott Williams & Wilkins, 7 edition, 2013),  chap. 

37, pp. 1229. 

https://archive.org/details/foyesprincipleso0000unse/page/1229 

278. M. Oliver, The clofibrate saga: A retrospective commentary. 

British Journal of Clinical Pharmacology 74, 907-10 (2012). 

doi.org/10.1111/j.1365-2125.2012.04282.x  

ncbi.nlm.nih.gov/pmc/PMC3522803 

279. M. Patlak, From viper's venom to drug design: Treating 

hypertension. FASEB Journal 18, 421 (2004). doi.org/10.1096/fj.03-

1398bkt   

280. D. W. Cushman, M. A. Ondetti, History of the design of captopril 

and related inhibitors of angiotensin converting enzyme. Hypertension 

17, 589-92 (1991). doi.org/10.1161/01.hyp.17.4.589   

281. G. Bhardwaj, How the antihypertensive losartan was discovered. 

Expert Opinion on Drug Discovery 1, 609-18 (2006). 

doi.org/10.1517/17460441.1.6.609   

282. L. G. Palmer, T. R. Kleyman, "Potassium-retaining diuretics: 

Amiloride" in Diuretics, G. R.F., K. H., M. E., Eds., in series: 

Handbook of Experimental Pharmacology.  (Springer, 1995), vol. 117, 

chap. 10, pp. 363-94. doi.org/10.1007/978-3-642-79565-7_10 

283. J. B. Bicking, J. W. Mason, O. W. Woltersdorf, J. H. Jones, S. F. 

Kwong, C. M. Robb, E. J. Cragoe, Pyrazine diuretics. I. N-Amidino-

3-amino-6-halopyrazinecarboxamides. Journal of Medicinal 

Chemistry 8, 638-42 (2002). doi.org/10.1021/jm00329a017   

284. K. S., "The story of nifedipine" in Adalat, L. P.R., R. A., Eds.,  

(Springer, 1991). doi.org/10.1007/978-3-642-85498-9_3 

285. L. E. Baker, The action of glutathione and hemoglobin on the 

growth of fibroblasts in vitro. Science 68, 459-61 (1928). 

doi.org/10.1126/science.68.1767.459-b   

286. A. Carrel, Artificial activation of the growth in vitro of connective 

tissue. The Journal of experimental medicine 17, 14-9 (1913). 

doi.org/10.1084/jem.17.1.14  ncbi.nlm.nih.gov/pmc/PMC2125019 

287. M. R. Reich, A. Brinkmann, R. Govindaraj, "Bayer & E. Merck: 

Discovery and development of praziquantel" in International 

Strategies for Tropical Disease Treatments - Experiences with 

Praziquantel, in series: EDM Research. vol. 026,  (World Health 

Organization, 2012),  chap. 2. 

http://digicollection.org/hss/en/d/Jwhozip48e/6.html#Jwhozip48e.6, 

https://web.archive.org/web/20210712092807/http://digicollection.or

g/hss/en/d/Jwhozip48e/6.html 

288. G. B. Elion, Acyclovir: Discovery, mechanism of action, and 

selectivity. Journal of Medical Virology Suppl 1, 2-6 (1993). 

doi.org/10.1002/jmv.1890410503   

289. G. Plewig, A. M. Kligman, "Isotretinoin (13-cis-retinoic acid)" in 

ACNE and ROSACEA,  (Springer, 1993),  chap. 80, pp. 625-53. 

doi.org/10.1007/978-3-642-97234-8_80 

290. K. Yamada, T. Shimamura, H. Nakajima, Studies on a new 1,5-

benzothiazepine derivative (CRD-401). V. Antiarrhythmic actions. 

Japanese Journal of Pharmacology 23, 321-8 (1973). 

doi.org/10.1254/jjp.23.321   

291. P. B. Tchounwou, A. K. Patlolla, C. G. Yedjou, P. D. Moore, 

"Environmental exposure and health effects associated with malathion 

toxicity" in Toxicity and Hazard of Agrochemicals, M. L. Larramendy, 

S. Soloneski, Eds.,  (IntechOpen, 2015). doi.org/10.5772/60911 

292. L. G. Costa, "Toxicology of pesticides: A brief history" in 

Toxicology of Pesticides, L. G. Costa, C. L. Galli, S. D. Murphy, Eds., 

in series: NATO ASI Series (Series H: Cell Biology). vol. 13,  

(Springer, 1987),  chap. 1, pp. 1-10. doi.org/10.1007/978-3-642-

70898-5_1 

293. J. J. Vavra, C. Deboer, A. Dietz, L. J. Hanka, W. T. Sokolski, 

Streptozotocin, a new antibacterial antibiotic. Antibiotics Annual 7, 

230-5 (1959).    

294. A. Junod, A. E. Lambert, L. Orci, R. Pictet, A. E. Gonet, A. E. 

Renold, Studies of the diabetogenic action of streptozotocin. 

Proceedings of the Society for Experimental Biology and Medicine 

126, 201-5 (1967). doi.org/10.3181/00379727-126-32401   

https://doi.org/10.1177/030089166304900305
https://doi.org/10.1016/B978-1-4831-9843-9.50016-5
https://doi.org/10.1016/0738-081x(88)90078-8
https://doi.org/10.1016/0738-081x(88)90078-8
https://doi.org/10.1097/ALN.0b013e31816499cc
https://doi.org/10.1016/s0140-6736(65)90062-0
https://doi.org/10.1016/S0021-9258(18)93832-9
https://doi.org/10.1016/S0021-9258(18)93832-9
https://doi.org/10.1016/0024-3205(81)90586-5
https://doi.org/10.1097/00002826-198901001-00002
https://doi.org/10.1159/000284086
https://doi.org/10.1111/j.1476-5381.1969.tb07975.x
https://doi.org/10.1111/j.1476-5381.1969.tb07975.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1703073
https://archive.org/details/foyesprincipleso0000unse/page/1229
https://doi.org/10.1111/j.1365-2125.2012.04282.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3522803
https://doi.org/10.1096/fj.03-1398bkt
https://doi.org/10.1096/fj.03-1398bkt
https://doi.org/10.1161/01.hyp.17.4.589
https://doi.org/10.1517/17460441.1.6.609
https://doi.org/10.1007/978-3-642-79565-7_10
https://doi.org/10.1021/jm00329a017
https://doi.org/10.1007/978-3-642-85498-9_3
https://doi.org/10.1126/science.68.1767.459-b
https://doi.org/10.1084/jem.17.1.14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2125019
http://digicollection.org/hss/en/d/Jwhozip48e/6.html#Jwhozip48e.6
https://web.archive.org/web/20210712092807/http:/digicollection.org/hss/en/d/Jwhozip48e/6.html
https://web.archive.org/web/20210712092807/http:/digicollection.org/hss/en/d/Jwhozip48e/6.html
https://doi.org/10.1002/jmv.1890410503
https://doi.org/10.1007/978-3-642-97234-8_80
https://doi.org/10.1254/jjp.23.321
https://doi.org/10.5772/60911
https://doi.org/10.1007/978-3-642-70898-5_1
https://doi.org/10.1007/978-3-642-70898-5_1
https://doi.org/10.3181/00379727-126-32401


390 

 

295. G. Lohaus, W. Dittmar, [The chemistry of antimicrobially active 

1-hydroxy-2-pyridones (author's transl)]. Arzneimittel-Forschung 31, 

1311-6 (1981).    

296. J. G. Lombardino, E. H. Wiseman, W. M. McLamore, Synthesis 

and antiinflammatory activity of some 3-carboxamides of 2-alkyl-4-

hydroxy-2H-1,2-benzothiazine 1,1-dioxide. Journal of Medicinal 

Chemistry 14, 1171-5 (1971). doi.org/10.1021/jm00294a008   

297. M. McGrath, D. E. Raines, Anesthetic drug discovery and 

development: A case study of novel etomidate analogs. Methods in 

Enzymology 603, 153-69 (2018). doi.org/10.1016/bs.mie.2018.01.026  

ncbi.nlm.nih.gov/pmc/PMC6945975 

298. E. F. Godefroi, P. A. Janssen, C. A. Vandereycken, A. H. 

Vanheertum, C. J. Niemegeers, Dl-1-(1-arylalkyl)imidazole-5-

carboxylate esters. A novel type of hypnotic agents. Journal of 

Medicinal Chemistry 8, 220-3 (1965). doi.org/10.1021/jm00326a017   

299. C. G. Johnston, F. Nakayama, Solubility of cholesterol and 

gallstones in metabolic material. A.M.A. Archives of Surgery 75, 436-

42 (1957). doi.org/10.1001/archsurg.1957.01280150126013   

300. H. L. Bonkowsky, D. P. Tschudy, A. Collins, J. Doherty, I. 

Bossenmaier, R. Cardinal, C. J. Watson, Repression of the 

overproduction of porphyrin precursors in acute intermittent porphyria 

by intravenous infusions of hematin. Proceedings of the National 

Academy of Sciences of the United States of America 68, 2725-9 

(1971). doi.org/10.1073/pnas.68.11.2725  

ncbi.nlm.nih.gov/pmc/PMC389510 

301. J. Lascelles, The synthesis of enzymes concerned in 

bacteriochlorophyll formation in growing cultures of 

Rhodopseudomonas spheroides. Journal of General Microbiology 23, 

487-98 (1960). doi.org/10.1099/00221287-23-3-487   

302. S. Granick, The induction in vitro of the synthesis of delta-

aminolevulinic acid synthetase in chemical porphyria: A response to 

certain drugs, sex hormones, and foreign chemicals. Journal of 

Biological Chemistry 241, 1359-75 (1966). doi.org/10.1016/S0021-

9258(18)96783-9   

303. S. Sassa, S. Granick, Induction of -aminolevulinic acid synthetase 

in chick embryo liver cells in cluture. Proceedings of the National 

Academy of Sciences of the United States of America 67, 517-22 

(1970). doi.org/10.1073/pnas.67.2.517  

ncbi.nlm.nih.gov/pmc/PMC283238 

304. A. D. Waxman, A. Collins, D. P. Tschudy, Oscillations of hepatic 

delta-aminolevulinic acid synthetase produced in vivo by heme. 

Biochemical and Biophysical Research Communications 24, 675-83 

(1966). doi.org/10.1016/0006-291x(66)90377-9   

305. J. F. Borel, Z. L. Kis, T. Beveridge, "The history of the discovery 

and development of cyclosporine (Sandimmune®)" in The Search for 

Anti-Inflammatory Drugs, M. V.J., A. J., Eds.,  (Birkhäuser, 1995),  

chap. 2, pp. 27-63. doi.org/10.1007/978-1-4615-9846-6_2 

306. T. F. Imbert, Discovery of podophyllotoxins. Biochimie 80, 207-

22 (1998). doi.org/10.1016/s0300-9084(98)80004-7   

307. H. Stahelin, A. von Wartburg, From podophyllotoxin glucoside 

to etoposide. Progress in Drug Research 33, 169-266 (1989). 

doi.org/10.1007/978-3-0348-9146-2_8   

308. A. R. White, C. Kaye, J. Poupard, R. Pypstra, G. Woodnutt, B. 

Wynne, Augmentin (amoxicillin/clavulanate) in the treatment of 

community-acquired respiratory tract infection: A review of the 

continuing development of an innovative antimicrobial agent. Journal 

of Antimicrobial Chemotherapy 53 Suppl 1, i3-20 (2004). 

doi.org/10.1093/jac/dkh050   

309. C. Reading, M. Cole, Clavulanic acid: A beta-lactamase-inhiting 

beta-lactam from Streptomyces clavuligerus. Antimicrobial Agents & 

Chemotherapy 11, 852-7 (1977). doi.org/10.1128/AAC.11.5.852  

ncbi.nlm.nih.gov/pmc/PMC352086 

310. A. G. Brown, D. Butterworth, M. Cole, G. Hanscomb, J. D. Hood, 

C. Reading, G. N. Rolinson, Naturally-occurring beta-lactamase 

inhibitors with antibacterial activity. Journal of Antibiotics 29, 668-9 

(1976). doi.org/10.7164/antibiotics.29.668   

311. A. A. Alousi, H. P. Dobreck, Amrinone. Cardiovascular Drug 

Reviews 1, 259-76 (1983). doi.org/10.1111/j.1527-

3466.1983.tb00451.x   

312. A. A. Alousi, A. E. Farah, G. Y. Lesher, C. J. Opalka, Jr., 

Cardiotonic activity of amrinone--Win 40680 [5-amino-3,4'-

bipyridine-6(1H)-one]. Circulation Research 45, 666-77 (1979). 

doi.org/10.1161/01.res.45.5.666   

313. A. Alousi, Comparative inotropic activity of amrinone in 

insolated human atria and cat atria and papillary muscle. Journal of 

Molecular and Cellular Cardiology 11, 2 (1979). 

doi.org/10.1016/0022-2828(79)90105-6   

314. D. Steverding, The development of drugs for treatment of 

sleeping sickness: A historical review. Parasites and Vectors 3, 15 

(2010). doi.org/10.1186/1756-3305-3-15  

ncbi.nlm.nih.gov/pmc/PMC2848007 

315. H. King, E. M. Lourie, W. Yorke, New trypanocidal substances. 

Lancet 230, 1360-3 (1937). doi.org/10.1016/s0140-6736(00)88968-0   

316. E. M. Lourie, W. Yorke, Studies in chemotherapy XXI.—The 

trypanocidal action of certain aromatic diamidines. Annals of Tropical 

Medicine & Parasitology 33, 289-304 (1939). 

doi.org/10.1080/00034983.1939.11685073   

317. W. Yorke, A. R. D. Adams, F. Murgatroyd, Studies in 

chemotherapy I. A method for maintaining pathogenic trypanosomes 

alive in vitro at 37° C. for 24 hours. Annals of Tropical Medicine & 

Parasitology 23, 501-18 (1929). 

doi.org/10.1080/00034983.1929.11684618   

318. W. J. Louis, J. J. McNeil, O. H. Drummer, Pharmacology of 

combined alpha-beta-blockade. I. Drugs 28 Suppl 2, 16-34 (1984). 

doi.org/10.2165/00003495-198400282-00003   

319. J. B. Farmer, I. Kennedy, G. P. Levy, R. J. Marshall, 

Pharmacology of AH 5158; a drug which blocks both α- and β-

adrenoceptors. British Journal of Pharmacology 45, 660-75 (1972). 

doi.org/10.1111/j.1476-5381.1972.tb08125.x  

ncbi.nlm.nih.gov/pmc/PMC1665961 

320. C. H. Blackburn, L. J. Byrne, V. A. Cullum, J. B. Farmer, G. P. 

Levy, The pharmacolgy of 5-(2-t-butylamino-1-hydroxyethyl) 

salicylamide (ah 3474), a beta-adrenoreceptor blocking agent. Journal 

of Pharmacy and Pharmacology 21, 488-97 (1969). 

doi.org/10.1111/j.2042-7158.1969.tb08299.x   

321. L. A. Parker, E. M. Rock, C. L. Limebeer, Regulation of nausea 

and vomiting by cannabinoids. British Journal of Pharmacology 163, 

1411-22 (2011). doi.org/10.1111/j.1476-5381.2010.01176.x  

ncbi.nlm.nih.gov/pmc/PMC3165951 

https://doi.org/10.1021/jm00294a008
https://doi.org/10.1016/bs.mie.2018.01.026
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6945975
https://doi.org/10.1021/jm00326a017
https://doi.org/10.1001/archsurg.1957.01280150126013
https://doi.org/10.1073/pnas.68.11.2725
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC389510
https://doi.org/10.1099/00221287-23-3-487
https://doi.org/10.1016/S0021-9258(18)96783-9
https://doi.org/10.1016/S0021-9258(18)96783-9
https://doi.org/10.1073/pnas.67.2.517
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC283238
https://doi.org/10.1016/0006-291x(66)90377-9
https://doi.org/10.1007/978-1-4615-9846-6_2
https://doi.org/10.1016/s0300-9084(98)80004-7
https://doi.org/10.1007/978-3-0348-9146-2_8
https://doi.org/10.1093/jac/dkh050
https://doi.org/10.1128/AAC.11.5.852
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC352086
https://doi.org/10.7164/antibiotics.29.668
https://doi.org/10.1111/j.1527-3466.1983.tb00451.x
https://doi.org/10.1111/j.1527-3466.1983.tb00451.x
https://doi.org/10.1161/01.res.45.5.666
https://doi.org/10.1016/0022-2828(79)90105-6
https://doi.org/10.1186/1756-3305-3-15
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2848007
https://doi.org/10.1016/s0140-6736(00)88968-0
https://doi.org/10.1080/00034983.1939.11685073
https://doi.org/10.1080/00034983.1929.11684618
https://doi.org/10.2165/00003495-198400282-00003
https://doi.org/10.1111/j.1476-5381.1972.tb08125.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1665961
https://doi.org/10.1111/j.2042-7158.1969.tb08299.x
https://doi.org/10.1111/j.1476-5381.2010.01176.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3165951


391 

 

322. M. Earleywine, Understanding Marijuana: A New Look at the 

Scientific Evidence,  (Oxford University Press, 2002). 

doi.org/10.1093/acprof:oso/9780195138931.001.0001, 

https://archive.org/details/understandingmar0000earl 

323. E. L. Abel, Marihuana: The First Twelve Thousand Years,  

(Springer, 1980). doi.org/10.1007/978-1-4899-2189-5 

324. S. E. Sallan, N. E. Zinberg, E. Frei, 3rd, Antiemetic effect of delta-

9-tetrahydrocannabinol in patients receiving cancer chemotherapy. 

New England Journal of Medicine 293, 795-7 (1975). 

doi.org/10.1056/nejm197510162931603   

325. F. E. Soroko, N. B. Mehta, R. A. Maxwell, R. M. Ferris, D. H. 

Schroeder, Bupropion hydrochloride ((+/-) alpha-t-butylamino-3-

chloropropiophenone HCl): A novel antidepressant agent. Journal of 

Pharmacy and Pharmacology 29, 767-70 (1977). 

doi.org/10.1111/j.2042-7158.1977.tb11460.x   

326. R. Baltzly, N. B. Mehta, N-sec- and N-t-alkyl derivatives of 

methoxamine and related compounds. Journal of Medicinal Chemistry 

11, 833-44 (1968). doi.org/10.1021/jm00310a030   

327. N. B. Mehta, Meta chloro or fluoro substituted alpha-t-

butylaminopropionphenones in the treatment of depression, 

US3885046A (1975),  

328. B. N. Singh, Amiodarone: Historical development and 

pharmacologic profile. American Heart Journal 106, 788-97 (1983). 

doi.org/10.1016/0002-8703(83)90002-9   

329. H. Tavolinejad, D. Soltani, A. Zargaran, H. Rezaeizadeh, A. 

Vasheghani-Farahani, The story of amiodarone. European Heart 

Journal 40, 2758-9 (2019). doi.org/10.1093/eurheartj/ehz583   

330. B. N. Singh, N. Venkatesh, K. Nademanee, M. A. Josephson, R. 

Kannan, The historical development, cellular electrophysiology and 

pharmacology of amiodarone. Progress in Cardiovascular Diseases 

31, 249-80 (1989). doi.org/10.1016/0033-0620(89)90033-9   

331. R. W. Sidwell, R. K. Robins, I. W. Hillyard, Ribavirin: An 

antiviral agent. Pharmacology and Therapeutics 6, 123-46 (1979). 

doi.org/10.1016/0163-7258(79)90058-5   

332. J. T. Witkowski, R. K. Robins, R. W. Sidwell, L. N. Simon, 

Design, synthesis, and broad spectrum antiviral activity of 1- -D-

ribofuranosyl-1,2,4-triazole-3-carboxamide and related nucleosides. 

Journal of Medicinal Chemistry 15, 1150-4 (1972). 

doi.org/10.1021/jm00281a014   

333. J. S. Kahan, F. M. Kahan, R. Goegelman, S. A. Currie, M. 

Jackson, E. O. Stapley, T. W. Miller, A. K. Miller, D. Hendlin, S. 

Mochales, S. Hernandez, H. B. Woodruff, J. Birnbaum, Thienamycin, 

a new beta-lactam antibiotic. I. Discovery, taxonomy, isolation and 

physical properties. Journal of Antibiotics 32, 1-12 (1979). 

doi.org/10.7164/antibiotics.32.1   

334. J. Birnbaum, F. M. Kahan, H. Kropp, J. S. MacDonald, 

Carbapenems, a new class of beta-lactam antibiotics. Discovery and 

development of imipenem/cilastatin. American Journal of Medicine 

78, 3-21 (1985). doi.org/10.1016/0002-9343(85)90097-x   

335. W. J. Leanza, K. J. Wildonger, T. W. Miller, B. G. Christensen, 

N-Acetimidoyl- and N-formimidoylthienamycin derivatives: 

Antipseudomonal beta-lactam antibiotics. Journal of Medicinal 

Chemistry 22, 1435-6 (1979). doi.org/10.1021/jm00198a001   

336. W. F. Kean, L. Hart, W. W. Buchanan, Auranofin. British Journal 

of Rheumatology 36, 560-72 (1997). 

doi.org/10.1093/rheumatology/36.5.560   

337. A. V. Schally, A. Arimura, A. J. Kastin, H. Matsuo, Y. Baba, T. 

W. Redding, R. M. Nair, L. Debeljuk, W. F. White, Gonadotropin-

releasing hormone: One polypeptide regulates secretion of luteinizing 

and follicle-stimulating hormones. Science 173, 1036-8 (1971). 

doi.org/10.1126/science.173.4001.1036   

338. S. M. McCann, S. Taleisnik, H. M. Friedman, LH-releasing 

activity in hypothalamic extracts. Experimental Biology and Medicine 

104, 432-4 (1960). doi.org/10.3181/00379727-104-25864   

339. E. R. DeSombre, E. S. Johnson, W. F. White, Regression of rat 

mammary tumors effected by a gonadoliberin analog. Cancer 

Research 36, 3830-3 (1976).    

340. E. S. Johnson, R. L. Gendrich, W. F. White, Delay of puberty and 

inhibition of reproductive processes in the rat by a gonadotropin-

releasing hormone agonist analog. Fertility and Sterility 27, 853-60 

(1976). doi.org/10.1016/s0015-0282(16)41963-1   

341. N. Matsuo, Discovery and development of pyrethroid 

insecticides. "Proceedings of the Japan Academy, Series B" 95, 378-

400 (2019). doi.org/10.2183/pjab.95.027  

ncbi.nlm.nih.gov/pmc/PMC6766454 

342. M. Elliott, A. W. Farnham, N. F. Janes, P. H. Needham, D. A. 

Pulman, Synthetic insecticide with a new order of activity. Nature 248, 

710-1 (1974). doi.org/10.1038/248710a0   

343. M. Elliott, A. W. Farnham, N. F. Janes, P. H. Needham, D. A. 

Pulman, Potent pyrethroid insecticides from modified cyclopropane 

acids. Nature 244, 456-7 (1973). doi.org/10.1038/244456a0   

344. M. Elliott, A. W. Farnham, N. F. Janes, P. H. Needham, B. C. 

Pearson, 5-benzyl-3-furylmethyl chrysanthemate: A new potent 

insecticide. Nature 213, 493-4 (1967). doi.org/10.1038/213493a0   

345. M. Elliott, A. W. Farnham, N. F. Janes, P. H. Needham, D. A. 

Pulman, J. H. Stevenson, A photostable pyrethroid. Nature 246, 169-

70 (1973). doi.org/10.1038/246169a0   

346. R. B. Sykes, D. P. Bonner, K. Bush, N. H. Georgopapadakou, 

Azthreonam (SQ 26,776), a synthetic monobactam specifically active 

against aerobic gram-negative bacteria. Antimicrobial Agents & 

Chemotherapy 21, 85-92 (1982). doi.org/10.1128/AAC.21.1.85  

ncbi.nlm.nih.gov/pmc/PMC181833 

347. D. P. Bonner, W. H. Koster, R. B. Sykes, "Monobactams and 

other monocyclic β-lactams" in IUPHAR 9th International Congress 

of Pharmacology London 1984, P. W., M. J., T. P., Eds.,  (Palgrave 

Macmillan, 1984),  chap. 12, pp. 111-4. doi.org/10.1007/978-1-349-

17613-7_12 

348. A. Imada, K. Kitano, K. Kintaka, M. Muroi, M. Asai, Sulfazecin 

and isosulfazecin, novel beta-lactam antibiotics of bacterial origin. 

Nature 289, 590-1 (1981). doi.org/10.1038/289590a0   

349. R. B. Sykes, C. M. Cimarusti, D. P. Bonner, K. Bush, D. M. 

Floyd, N. H. Georgopapadakou, W. M. Koster, W. C. Liu, W. L. 

Parker, P. A. Principe, M. L. Rathnum, W. A. Slusarchyk, W. H. Trejo, 

J. S. Wells, Monocyclic beta-lactam antibiotics produced by bacteria. 

Nature 291, 489-91 (1981). doi.org/10.1038/291489a0   

https://doi.org/10.1093/acprof:oso/9780195138931.001.0001
https://archive.org/details/understandingmar0000earl
https://doi.org/10.1007/978-1-4899-2189-5
https://doi.org/10.1056/nejm197510162931603
https://doi.org/10.1111/j.2042-7158.1977.tb11460.x
https://doi.org/10.1021/jm00310a030
https://doi.org/10.1016/0002-8703(83)90002-9
https://doi.org/10.1093/eurheartj/ehz583
https://doi.org/10.1016/0033-0620(89)90033-9
https://doi.org/10.1016/0163-7258(79)90058-5
https://doi.org/10.1021/jm00281a014
https://doi.org/10.7164/antibiotics.32.1
https://doi.org/10.1016/0002-9343(85)90097-x
https://doi.org/10.1021/jm00198a001
https://doi.org/10.1093/rheumatology/36.5.560
https://doi.org/10.1126/science.173.4001.1036
https://doi.org/10.3181/00379727-104-25864
https://doi.org/10.1016/s0015-0282(16)41963-1
https://doi.org/10.2183/pjab.95.027
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6766454
https://doi.org/10.1038/248710a0
https://doi.org/10.1038/244456a0
https://doi.org/10.1038/213493a0
https://doi.org/10.1038/246169a0
https://doi.org/10.1128/AAC.21.1.85
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC181833
https://doi.org/10.1007/978-1-349-17613-7_12
https://doi.org/10.1007/978-1-349-17613-7_12
https://doi.org/10.1038/289590a0
https://doi.org/10.1038/291489a0


392 

 

350. P. W. Collins, Misoprostol: Discovery, development, and clinical 

applications. Medicinal Research Reviews 10, 149-72 (1990). 

doi.org/10.1002/med.2610100202   

351. A. Robert, J. E. Nezamis, J. P. Phillips, Inhibition of gastric 

secretion by prostaglandins. American Journal of Digestive Diseases 

12, 1073-6 (1967). doi.org/10.1007/BF02233268   

352. F. Paul, S. Pellegrini, G. Uze, IFNA2: The prototypic human 

alpha interferon. Gene 567, 132-7 (2015). 

doi.org/10.1016/j.gene.2015.04.087  

ncbi.nlm.nih.gov/pmc/PMC5629289 

353. A. Isaacs, J. Lindenmann, Virus interference. I. The interferon. 

Proceedings of the Royal Society of London. Series B: Biological 

Sciences 147, 258-67 (1957). doi.org/10.1098/rspb.1957.0048   

354. J. S. New, The discovery and development of buspirone: A new 

approach to the treatment of anxiety. Medicinal Research Reviews 10, 

283-326 (1990). doi.org/10.1002/med.2610100302   

355. L. E. Allen, H. C. Ferguson, J. W. Kissel, Psychosedative agents. 

2. 8-(4-Substituted 1-piperazinylalkyl)-8-azaspiro(4.5)decane-7,9-

diones. Journal of Medicinal Chemistry 15, 477-9 (1972). 

doi.org/10.1021/jm00275a009   

356. I. Roberts, Tranexamic acid: A recipe for saving lives in traumatic 

bleeding. Nigerian Journal of Surgery 18, 1 (2012). 

doi.org/10.4103/1117-6806.95463  

ncbi.nlm.nih.gov/pmc/PMC3716245 

357. S. Okamoto, U. Okamoto, Amino-methyl-cyclohexane-

carboxylic acid: Amcha. The Keio Journal of Medicine 11, 105-15 

(1962). doi.org/10.2302/kjm.11.105   

358. T. E. Wallis, Textbook of Pharmacognosy,  (Churchill, 1955), pp. 

62-63. https://archive.org/details/textbookofpharma00wall/page/63 

359. J. M. Cochrane, Zidovudine's patent history. Lancet 356, 1611-2 

(2000). doi.org/10.1016/S0140-6736(05)74463-9   

360. K. H. Pattishall, "Discovery and development of zidovudine as 

the cornerstone of therapy to control human immunodeficiency virus 

infection" in The Search for Antiviral Drugs, A. J., M. V.J., Eds.,  

(Birkhäuser, 1993),  chap. 2, pp. 23-43. doi.org/10.1007/978-1-4899-

6718-3_2 

361. A. Ward, D. M. Campoli-Richards, Mupirocin. A review of its 

antibacterial activity, pharmacokinetic properties and therapeutic use. 

Drugs 32, 425-44 (1986). doi.org/10.2165/00003495-198632050-

00002   

362. A. T. Fuller, G. Mellows, M. Woolford, G. T. Banks, K. D. 

Barrow, E. B. Chain, Pseudomonic acid: An antibiotic produced by 

Pseudomonas fluorescens. Nature 234, 416-7 (1971). 

doi.org/10.1038/234416a0   

363. L. A. Mitscher, Bacterial topoisomerase inhibitors: Quinolone 

and pyridone antibacterial agents. Chemical Reviews 105, 559-92 

(2005). doi.org/10.1021/cr030101q   

364. G. Y. Lesher, E. J. Froelich, M. D. Gruett, J. H. Bailey, R. P. 

Brundage, 1,8-naphthyridine derivatives. A new class of 

chemotherapeutic agents. Journal of Medicinal and Pharmaceutical 

Chemistry 91, 1063-5 (1962). doi.org/10.1021/jm01240a021   

365. G. S. Bisacchi, Origins of the quinolone class of antibacterials: 

An expanded "discovery story". Journal of Medicinal Chemistry 58, 

4874-82 (2015). doi.org/10.1021/jm501881c   

366. S. W. Brusilow, D. L. Valle, M. Batshaw, New pathways of 

nitrogen excretion in inborn errors of urea synthesis. Lancet 2, 452-4 

(1979). doi.org/10.1016/s0140-6736(79)91503-4   

367. D. T. Wong, K. W. Perry, F. P. Bymaster, Case history: The 

discovery of fluoxetine hydrochloride (Prozac). Nature Reviews Drug 

Discovery 4, 764-74 (2005). doi.org/10.1038/nrd1821   

368. A. Stutz, Synthesis and structure-activity correlations within 

allylamine antimycotics. Ann N Y Acad Sci 544, 46-62 (1988). 

doi.org/10.1111/j.1749-6632.1988.tb40388.x   

369. R. Guillemin, Somatostatin: The early days. Digestion 54 Suppl 

1, 3-6 (1993). doi.org/10.1159/000201066   

370. P. Brazeau, W. Vale, R. Burgus, N. Ling, M. Butcher, J. Rivier, 

R. Guillemin, Hypothalamic polypeptide that inhibits the secretion of 

immunoreactive pituitary growth hormone. Science 179, 77 (1973). 

doi.org/10.1126/science.179.4068.77   

371. L. Krulich, S. M. McCann, Effect of GH-releasing factor and GH-

inhibiting factor on the release and concentration of GH in pituitaries 

incubated in vitro. Endocrinology 85, 319-24 (1969). 

doi.org/10.1210/endo-85-2-319   

372. J. Crilly, The history of clozapine and its emergence in the US 

market: A review and analysis. History of Psychiatry 18, 39-60 (2007). 

doi.org/10.1177/0957154X07070335   

373. H. Hippius, The history of clozapine. Psychopharmacology 99 

Suppl, S3-5 (1989). doi.org/10.1007/BF00442551   

374. L. Olbe, E. Carlsson, P. Lindberg, A proton-pump inhibitor 

expedition: The case histories of omeprazole and esomeprazole. 

Nature Reviews Drug Discovery 2, 132-9 (2003). 

doi.org/10.1038/nrd1010   

375. C. E. Malen, B. H. Danree, New thiocarboxamides derivatives 

with specific gastric antisecretory properties. Journal of Medicinal 

Chemistry 14, 244-6 (1971). doi.org/10.1021/jm00285a020   

376. J. B. I. Glen, The discovery and development of propofol 

anesthesia: The 2018 Lasker-DeBakey clinical medical research 

award. Jama 320, 1235-6 (2018). doi.org/10.1001/jama.2018.12756   

377. R. James, J. B. Glen, Synthesis, biological evaluation, and 

preliminary structure-activity considerations of a series of 

alkylphenols as intravenous anesthetic agents. Journal of Medicinal 

Chemistry 23, 1350-7 (1980). doi.org/10.1021/jm00186a013   

378. J. B. Glen, Animal studies of the anaesthetic activity of ICI 35 

868. British Journal of Anaesthesia 52, 731-42 (1980). 

doi.org/10.1093/bja/52.8.731   

379. A. Cleve, D. Nguyen, "Evolution of nonsteroidal androgen 

receptor antagonists" in Successful Drug Discovery, J. Fischer, C. 

Klein, W. E. Childers, Eds.,  (2018), vol. 3, chap. 4, pp. 95-110. 

doi.org/10.1002/9783527808694.ch4 

380. J. W. Baker, G. L. Bachman, I. Schumacher, D. P. Roman, A. L. 

Tharp, Synthesis and bacteriostatic activity of some 

nitrotrifluoromethylanilides. Journal of Medicinal Chemistry 10, 93-5 

(1967). doi.org/10.1021/jm00313a020   

https://doi.org/10.1002/med.2610100202
https://doi.org/10.1007/BF02233268
https://doi.org/10.1016/j.gene.2015.04.087
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5629289
https://doi.org/10.1098/rspb.1957.0048
https://doi.org/10.1002/med.2610100302
https://doi.org/10.1021/jm00275a009
https://doi.org/10.4103/1117-6806.95463
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3716245
https://doi.org/10.2302/kjm.11.105
https://archive.org/details/textbookofpharma00wall/page/63
https://doi.org/10.1016/S0140-6736(05)74463-9
https://doi.org/10.1007/978-1-4899-6718-3_2
https://doi.org/10.1007/978-1-4899-6718-3_2
https://doi.org/10.2165/00003495-198632050-00002
https://doi.org/10.2165/00003495-198632050-00002
https://doi.org/10.1038/234416a0
https://doi.org/10.1021/cr030101q
https://doi.org/10.1021/jm01240a021
https://doi.org/10.1021/jm501881c
https://doi.org/10.1016/s0140-6736(79)91503-4
https://doi.org/10.1038/nrd1821
https://doi.org/10.1111/j.1749-6632.1988.tb40388.x
https://doi.org/10.1159/000201066
https://doi.org/10.1126/science.179.4068.77
https://doi.org/10.1210/endo-85-2-319
https://doi.org/10.1177/0957154X07070335
https://doi.org/10.1007/BF00442551
https://doi.org/10.1038/nrd1010
https://doi.org/10.1021/jm00285a020
https://doi.org/10.1001/jama.2018.12756
https://doi.org/10.1021/jm00186a013
https://doi.org/10.1093/bja/52.8.731
https://doi.org/10.1002/9783527808694.ch4
https://doi.org/10.1021/jm00313a020


393 

 

381. R. Neri, K. Florance, P. Koziol, S. Van Cleave, A biological 

profile of a nonsteroidal antiandrogen, SCH 13521 (4'-nitro-

3'trifluoromethylisobutyranilide). Endocrinology 91, 427-37 (1972). 

doi.org/10.1210/endo-91-2-427   

382. S. Liao, D. K. Howell, T. M. Chang, Action of a nonsteroidal 

antiandrogen, flutamide, on the receptor binding and nuclear retention 

of 5 alpha-dihydrotestosterone in rat ventral prostate. Endocrinology 

94, 1205-9 (1974). doi.org/10.1210/endo-94-4-1205   

383. E. A. Boyle, P. C. Freeman, F. R. Mangan, M. J. Thomson, 

Nabumetone (BRL 14777, 4-[6-methoxy-2-naphthyl]-butan-2-one): A 

new anti-inflammatory agent. Journal of Pharmacy and 

Pharmacology 34, 562-9 (1982). doi.org/10.1111/j.2042-

7158.1982.tb04794.x   

384. A. C. Goudie, L. M. Gaster, A. W. Lake, C. J. Rose, P. C. 

Freeman, B. O. Hughes, D. Miller, 4-(6-Methoxy-2-naphthyl)butan-2-

one and related analogues, a novel structural class of antiinflammatory 

compounds. Journal of Medicinal Chemistry 21, 1260-4 (1978). 

doi.org/10.1021/jm00210a016   

385. G. J. Sanger, New antiemetic drugs. Canadian Journal of 

Physiology and Pharmacology 68, 314-24 (1990). 

doi.org/10.1139/y90-046   

386. G. J. Sanger, D. R. Nelson, Selective and functional 5-

hydroxytryptamine3 receptor antagonism by BRL 43694 

(granisetron). European Journal of Pharmacology 159, 113-24 (1989). 

doi.org/10.1016/0014-2999(89)90695-x   

387. J. R. Fozard, Neuronal 5-HT receptors in the periphery. 

Neuropharmacology 23, 1473-86 (1984). doi.org/10.1016/0028-

3908(84)90091-1   

388. J. R. Fozard, MDL 72222: A potent and highly selective 

antagonist at neuronal 5-hydroxytryptamine receptors. Naunyn 

Schmiedebergs Arch Pharmacol 326, 36-44 (1984). 

doi.org/10.1007/BF00518776   

389. A. Endo, A historical perspective on the discovery of statins. 

"Proceedings of the Japan Academy, Series B" 86, 484-93 (2010). 

doi.org/10.2183/pjab.86.484  ncbi.nlm.nih.gov/pmc/PMC3108295 

390. H. J. Knauss, J. W. Porter, G. Wasson, The biosynthesis of 

mevalonic acid from 1-C14-acetate by a rat liver enzyme system. 

Journal of Biological Chemistry 234, 2835-40 (1959). 

doi.org/10.1016/S0021-9258(18)69680-2   

391. J.-P. Maffrand, The story of clopidogrel and its predecessor, 

ticlopidine: Could these major antiplatelet and antithrombotic drugs be 

discovered and developed today? Comptes Rendus Chimie 15, 737-43 

(2012). doi.org/10.1016/j.crci.2012.05.006   

392. J. S. Price, A. J. France, L. D. Moaven, P. D. Welsby, Foscarnet 

in fulminant hepatitis B. Lancet 2, 1273 (1986). 

doi.org/10.1016/s0140-6736(86)92694-2   

393. B. Öberg, Antiviral effects of phosphonoformate (PFA, foscarnet 

sodium). Pharmacology & Therapeutics 19, 387-415 (1982). 

doi.org/10.1016/0163-7258(82)90074-2   

394. N. L. Shipkowitz, R. R. Bower, R. N. Appell, C. W. Nordeen, L. 

R. Overby, W. R. Roderick, J. B. Schleicher, A. M. Von Esch, 

Suppression of herpes simplex virus infection by phosphonoacetic 

acid. Applied Microbiology 26, 264-7 (1973). 

doi.org/10.1128/am.26.3.264-267.1973  

ncbi.nlm.nih.gov/pmc/PMC379771 

395. H. Fleisch, Development of bisphosphonates. Breast Cancer 

Research 4, 30-4 (2002). doi.org/10.1186/bcr414  

ncbi.nlm.nih.gov/pmc/PMC138713 

396. H. Fleisch, R. G. Russell, B. Simpson, R. C. Muhlbauer, 

Prevention by a diphosphonate of immobilization "osteoporosis" in 

rats. Nature 223, 211-2 (1969). doi.org/10.1038/223211a0   

397. P. P. Humphrey, The discovery and development of the triptans, 

a major therapeutic breakthrough. Headache 48, 685-7 (2008). 

doi.org/10.1111/j.1526-4610.2008.01097.x   

398. P. Humphrey, How it started. Cephalalgia 21, 2-5 (2001). 

doi.org/10.1111/j.1468-2982.2001.00013.x   

399. P. P. Humphrey, The discovery of a new drug class for the acute 

treatment of migraine. Headache 47 Suppl 1, S10-9 (2007). 

doi.org/10.1111/j.1526-4610.2007.00672.x   

400. P. P. Humphrey, W. Feniuk, M. J. Perren, H. E. Connor, A. W. 

Oxford, L. H. Coates, D. Butina, GR43175, a selective agonist for the 

5-HT1-like receptor in dog isolated saphenous vein. British Journal of 

Pharmacology 94, 1123-32 (1988). doi.org/10.1111/j.1476-

5381.1988.tb11630.x  ncbi.nlm.nih.gov/pmc/PMC1854075 

401. M. C. Wani, S. B. Horwitz, Nature as a remarkable chemist: A 

personal story of the discovery and development of Taxol. Anticancer 

Drugs 25, 482-7 (2014). doi.org/10.1097/CAD.0000000000000063  

ncbi.nlm.nih.gov/pmc/PMC3980006 

402. W. T. Hughes, V. L. Gray, W. E. Gutteridge, V. S. Latter, M. 

Pudney, Efficacy of a hydroxynaphthoquinone, 566C80, in 

experimental Pneumocystis carinii pneumonitis. Antimicrobial Agents 

& Chemotherapy 34, 225-8 (1990). doi.org/10.1128/AAC.34.2.225  

ncbi.nlm.nih.gov/pmc/PMC171561 

403. C. S. Davies, M. Pudney, J. C. Nicholas, R. E. Sinden, The novel 

hydroxynaphthoquinone 566C80 inhibits the development of liver 

stages of Plasmodium berghei cultured in vitro. Parasitology 106 ( Pt 

1), 1-6 (1993). doi.org/10.1017/s0031182000074746   

404. J.-P. Kaplan, P. George, Imidazo[1,2-a] pyridine derivatives and 

their application as pharmaceuticals, US4382938A (1983), 

(1981/10/21) 

405. J. S. Bryans, D. J. Wustrow, 3-substituted GABA analogs with 

central nervous system activity: A review. Medicinal Research 

Reviews 19, 149-77 (1999). doi.org/10.1002/(sici)1098-

1128(199903)19:2<149::aid-med3>3.0.co;2-b   

406. Y. R, K. S, S. A., "Gabapentin" in StatPearls,  (StatPearls 

Publishing, 2020). ncbi.nlm.nih.gov/books/NBK493228/ 

407. W. L. Nelson, "Antihistamines and related antiallergic and 

antiulcer agents" in Foye's Principles of Medicinal Chemistry, T. L. 

Lemke, D. A. Williams, V. F. Roche, S. W. Zito, Eds., T. L. Lemke, 

D. A. Williams, Eds. (Lippincott Williams & Wilkins, 7 edition, 2013),  

chap. 32, pp. 1051. 

https://archive.org/details/foyesprincipleso0000unse/page/1051 

408. F. C. Colpaert, Discovering risperidone: The LSD model of 

psychopathology. Nature Reviews Drug Discovery 2, 315-20 (2003). 

doi.org/10.1038/nrd1062   

409. J. E. Leysen, C. J. Niemegeers, J. P. Tollenaere, P. M. Laduron, 

Serotonergic component of neuroleptic receptors. Nature 272, 168-71 

(1978). doi.org/10.1038/272168a0   

https://doi.org/10.1210/endo-91-2-427
https://doi.org/10.1210/endo-94-4-1205
https://doi.org/10.1111/j.2042-7158.1982.tb04794.x
https://doi.org/10.1111/j.2042-7158.1982.tb04794.x
https://doi.org/10.1021/jm00210a016
https://doi.org/10.1139/y90-046
https://doi.org/10.1016/0014-2999(89)90695-x
https://doi.org/10.1016/0028-3908(84)90091-1
https://doi.org/10.1016/0028-3908(84)90091-1
https://doi.org/10.1007/BF00518776
https://doi.org/10.2183/pjab.86.484
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3108295
https://doi.org/10.1016/S0021-9258(18)69680-2
https://doi.org/10.1016/j.crci.2012.05.006
https://doi.org/10.1016/s0140-6736(86)92694-2
https://doi.org/10.1016/0163-7258(82)90074-2
https://doi.org/10.1128/am.26.3.264-267.1973
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC379771
https://doi.org/10.1186/bcr414
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC138713
https://doi.org/10.1038/223211a0
https://doi.org/10.1111/j.1526-4610.2008.01097.x
https://doi.org/10.1111/j.1468-2982.2001.00013.x
https://doi.org/10.1111/j.1526-4610.2007.00672.x
https://doi.org/10.1111/j.1476-5381.1988.tb11630.x
https://doi.org/10.1111/j.1476-5381.1988.tb11630.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1854075
https://doi.org/10.1097/CAD.0000000000000063
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3980006
https://doi.org/10.1128/AAC.34.2.225
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC171561
https://doi.org/10.1017/s0031182000074746
https://doi.org/10.1002/(sici)1098-1128(199903)19:2%3c149::aid-med3%3e3.0.co;2-b
https://doi.org/10.1002/(sici)1098-1128(199903)19:2%3c149::aid-med3%3e3.0.co;2-b
https://www.ncbi.nlm.nih.gov/books/NBK493228/
https://archive.org/details/foyesprincipleso0000unse/page/1051
https://doi.org/10.1038/nrd1062
https://doi.org/10.1038/272168a0


394 

 

410. C. J. E. Niemegeers, P. A. J. Janssen, Minireview A systematic 

study of the pharmacological activities of dopamine antagonists. Life 

Sciences 24, 2201-16 (1979). doi.org/10.1016/0024-3205(79)90096-1   

411. T. Kindler, Psoriasis treated with calciferol. Proceedings of the 

Royal Society of Medicine 42, 140- (1949).   

ncbi.nlm.nih.gov/pmc/PMC2081237 

412. G. B. Dowling, E. W. Thomas, Lupus vulgaris treated with 

calciferol. Proceedings of the Royal Society of Medicine 39, 96-9 

(1945).   ncbi.nlm.nih.gov/pmc/PMC2181507 

413. B. LeDuc, "Antiseizure drugs" in Foye's Principles of Medicinal 

Chemistry, T. L. Lemke, D. A. Williams, V. F. Roche, S. W. Zito, Eds., 

T. L. Lemke, D. A. Williams, Eds. (Lippincott Williams & Wilkins, 7 

edition, 2013),  chap. 17, pp. 557. 

https://archive.org/details/foyesprincipleso0000unse/page/557 

414. L. M. Holle, Pegaspargase: An alternative? Annals of 

Pharmacotherapy 31, 616-24 (1997). 

doi.org/10.1177/106002809703100517   

415. J. G. Thoene, R. G. Oshima, J. C. Crawhall, D. L. Olson, J. A. 

Schneider, Cystinosis. Intracellular cystine depletion by aminothiols in 

vitro and in vivo. Journal of Clinical Investigation 58, 180-9 (1976). 

doi.org/10.1172/JCI108448  ncbi.nlm.nih.gov/pmc/PMC333169 

416. R. H. Weisler, J. R. Calabrese, C. L. Bowden, J. A. Ascher, J. 

DeVeaugh-Geiss, G. Evoniuk, Discovery and development of 

lamotrigine for bipolar disorder: A story of serendipity, clinical 

observations, risk taking, and persistence. Journal of Affective 

Disorders 108, 1-9 (2008). doi.org/10.1016/j.jad.2007.09.012   

417. J. B. Stenlake, Chance, coincidence and atracurium. The 

Pharmaceutical Journal 267, 430-41 (2001).    

418. C. Ball, R. N. Westhorpe, Muscle relaxants--atracurium and other 

recent developments. Anaesthesia and Intensive Care 34, 295 (2006). 

doi.org/10.1177/0310057X0603400321   

419. G. G. Coker, G. H. Dewar, R. Hughes, T. M. Hunt, J. P. Payne, J. 

B. Stenlake, R. D. Waigh, A preliminary assessment of atracurium, a 

new competitive neuromuscular blocking agent. Acta 

Anaesthesiologica Scandinavica 25, 67-9 (1981). 

doi.org/10.1111/j.1399-6576.1981.tb01608.x   

420. C. J. Bailey, Metformin: Historical overview. Diabetologia 60, 

1566-76 (2017). doi.org/10.1007/s00125-017-4318-z   

421. M. Subedi, S. Bajaj, M. S. Kumar, M. Yc, An overview of 

tramadol and its usage in pain management and future perspective. 

Biomedicine and Pharmacotherapy 111, 443-51 (2019). 

doi.org/10.1016/j.biopha.2018.12.085   

422. A. Breathnach, Azelaic acid: A new agent in the treatment of 

acne: History, metabolism and biochemistry. Journal of 

Dermatological Treatment 1, 7-10 (2009). 

doi.org/10.3109/09546638909094474   

423. S. Moncada, R. Gryglewski, S. Bunting, J. R. Vane, An enzyme 

isolated from arteries transforms prostaglandin endoperoxides to an 

unstable substance that inhibits platelet aggregation. Nature 263, 663-

5 (1976). doi.org/10.1038/263663a0   

424. A. Doble, The pharmacology and mechanism of action of riluzole. 

Neurology 47, S233-41 (1996). 

doi.org/10.1212/wnl.47.6_suppl_4.233s   

425. C. Malgouris, F. Bardot, M. Daniel, F. Pellis, J. Rataud, A. Uzan, 

J. C. Blanchard, P. M. Laduron, Riluzole, a novel antiglutamate, 

prevents memory loss and hippocampal neuronal damage in ischemic 

gerbils. Journal of Neuroscience 9, 3720-7 (1989). 

doi.org/10.1523/jneurosci.09-11-03720.1989  

ncbi.nlm.nih.gov/pmc/PMC6569943 

426. J. Mizoule, B. Meldrum, M. Mazadier, M. Croucher, C. Ollat, A. 

Uzan, J. J. Legrand, C. Gueremy, G. Le Fur, 2-Amino-6-

trifluoromethoxy benzothiazole, a possible antagonist of excitatory 

amino acid neurotransmission--I. Anticonvulsant properties. 

Neuropharmacology 24, 767-73 (1985). doi.org/10.1016/0028-

3908(85)90011-5   

427. R. Bentley, Mycophenolic acid: A one hundred year odyssey from 

antibiotic to immunosuppressant. Chemical Reviews 100, 3801-26 

(2000). doi.org/10.1021/cr990097b   

428. R. N. A. Redshaw S., Thomas G.J., "The road to fortovase. A 

history of saquinavir, the first human immunodeficiency virus protease 

inhibitor" in Proteases as Targets for Therapy, K. B. D. von der Helm 

K., Cheronis J.C., Ed, in series: Handbook of Experimental 

Pharmacology.  (Springer, 2000), vol. 140, pp. 3-21. 

doi.org/10.1007/978-3-642-57092-6_1 

429. D. D. Schmidt, W. Frommer, B. Junge, L. Müller, W. Wingender, 

E. Truscheit, D. Schäfer, alpha-Glucosidase inhibitors. New complex 

oligosaccharides of microbial origin. Naturwissenschaften 64, 535-6 

(1977). doi.org/10.1007/BF00483561   

430. M. E. Wall, M. C. Wani, Camptothecin and taxol: From discovery 

to clinic. Journal of Ethnopharmacology 51, 239-53; discussion 53-4 

(1996). doi.org/10.1016/0378-8741(95)01367-9   

431. E. Martino, S. Della Volpe, E. Terribile, E. Benetti, M. Sakaj, A. 

Centamore, A. Sala, S. Collina, The long story of camptothecin: From 

traditional medicine to drugs. Bioorganic and Medicinal Chemistry 

Letters 27, 701-7 (2017). doi.org/10.1016/j.bmcl.2016.12.085   

432. R. D. Krell, D. Aharony, C. K. Buckner, R. A. Keith, E. J. Kusner, 

D. W. Snyder, P. R. Bernstein, V. G. Matassa, Y. K. Yee, F. J. Brown, 

et al., The preclinical pharmacology of ICI 204,219. A peptide 

leukotriene antagonist. American Review of Respiratory Disease 141, 

978-87 (1990). doi.org/10.1164/ajrccm/141.4_Pt_1.978   

433. D. Aharony, R. C. Falcone, R. D. Krell, Inhibition of 3H-

leukotriene D4 binding to guinea pig lung receptors by the novel 

leukotriene antagonist ICI 198,615. Journal of Pharmacology and 

Experimental Therapeutics 243, 921-6 (1987).    

434. D. W. Snyder, R. E. Giles, R. A. Keith, Y. K. Yee, R. D. Krell, In 

vitro pharmacology of ICI 198,615: A novel, potent and selective 

peptide leukotriene antagonist. Journal of Pharmacology and 

Experimental Therapeutics 243, 548-56 (1987).    

435. R. D. Krell, E. J. Kusner, D. Aharony, R. E. Giles, Biochemical 

and pharmacological characterization of ICI 198,615: A peptide 

leukotriene receptor antagonist. European Journal of Pharmacology 

159, 73-81 (1989). doi.org/10.1016/0014-2999(89)90045-9   

436. R. D. Krell, R. E. Giles, Y. K. Yee, D. W. Snyder, In vivo 

pharmacology of ICI 198,615: A novel, potent and selective peptide 

leukotriene antagonist. Journal of Pharmacology and Experimental 

Therapeutics 243, 557-64 (1987).    

437. M. F. Stevens, J. A. Hickman, S. P. Langdon, D. Chubb, L. 

Vickers, R. Stone, G. Baig, C. Goddard, N. W. Gibson, J. A. Slack, et 

https://doi.org/10.1016/0024-3205(79)90096-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2081237
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2181507
https://archive.org/details/foyesprincipleso0000unse/page/557
https://doi.org/10.1177/106002809703100517
https://doi.org/10.1172/JCI108448
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC333169
https://doi.org/10.1016/j.jad.2007.09.012
https://doi.org/10.1177/0310057X0603400321
https://doi.org/10.1111/j.1399-6576.1981.tb01608.x
https://doi.org/10.1007/s00125-017-4318-z
https://doi.org/10.1016/j.biopha.2018.12.085
https://doi.org/10.3109/09546638909094474
https://doi.org/10.1038/263663a0
https://doi.org/10.1212/wnl.47.6_suppl_4.233s
https://doi.org/10.1523/jneurosci.09-11-03720.1989
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6569943
https://doi.org/10.1016/0028-3908(85)90011-5
https://doi.org/10.1016/0028-3908(85)90011-5
https://doi.org/10.1021/cr990097b
https://doi.org/10.1007/978-3-642-57092-6_1
https://doi.org/10.1007/BF00483561
https://doi.org/10.1016/0378-8741(95)01367-9
https://doi.org/10.1016/j.bmcl.2016.12.085
https://doi.org/10.1164/ajrccm/141.4_Pt_1.978
https://doi.org/10.1016/0014-2999(89)90045-9


395 

 

al., Antitumor activity and pharmacokinetics in mice of 8-carbamoyl-

3-methyl-imidazo[5,1-d]-1,2,3,5-tetrazin-4(3H)-one (CCRG 81045; 

M & B 39831), a novel drug with potential as an alternative to 

dacarbazine. Cancer Research 47, 5846-52 (1987).    

438. K. Grozinger, J. Proudfoot, K. Hargrave, "Discovery and 

development of nevirapine" in Drug Discovery and Development, M. 

S. Chorghade, Ed,  (Wiley, 2006), vol. 1, chap. 13, pp. 353-63. 

doi.org/10.1002/0471780103.ch13 

439. R. W. Burg, B. M. Miller, E. E. Baker, J. Birnbaum, S. A. Currie, 

R. Hartman, Y. L. Kong, R. L. Monaghan, G. Olson, I. Putter, J. B. 

Tunac, H. Wallick, E. O. Stapley, R. Oiwa, S. Omura, Avermectins, 

new family of potent anthelmintic agents: Producing organism and 

fermentation. Antimicrobial Agents & Chemotherapy 15, 361-7 

(1979). doi.org/10.1128/AAC.15.3.361  

ncbi.nlm.nih.gov/pmc/PMC352666 

440. W. C. Campbell, Lessons from the history of ivermectin and other 

antiparasitic agents. Annual Review of Animal Biosciences 4, 1-14 

(2016). doi.org/10.1146/annurev-animal-021815-111209   

441. H. Sugimoto, H. Ogura, Y. Arai, Y. Limura, Y. Yamanishi, 

Research and development of donepezil hydrochloride, a new type of 

acetylcholinesterase inhibitor. Japanese Journal of Pharmacology 89, 

7-20 (2002). doi.org/10.1254/jjp.89.7   

442. L. L. Silver, "Rational approaches to antibacterial discovery: Pre-

genomic directed and phenotypic screening" in Antibiotic Discovery 

and Development, D. T., P. M., Eds.,  (Springer, 2012),  chap. 2, pp. 

33-75. doi.org/10.1007/978-1-4614-1400-1_2 

443. B. E. Maryanoff, Phenotypic assessment and the discovery of 

topiramate. ACS Medicinal Chemistry Letters 7, 662-5 (2016). 

doi.org/10.1021/acsmedchemlett.6b00176  

ncbi.nlm.nih.gov/pmc/PMC4948003 

444. B. E. Maryanoff, 2009 Edward E Smissman Award. 

Pharmaceutical "gold" from neurostabilizing agents: Topiramate and 

successor molecules. Journal of Medicinal Chemistry 52, 3431-40 

(2009). doi.org/10.1021/jm900141j   

445. B. Weinstock-Guttman, K. V. Nair, J. L. Glajch, T. C. Ganguly, 

D. Kantor, Two decades of glatiramer acetate: From initial discovery 

to the current development of generics. Journal of the Neurological 

Sciences 376, 255-9 (2017). doi.org/10.1016/j.jns.2017.03.030   

446. D. Teitelbaum, A. Meshorer, T. Hirshfeld, R. Arnon, M. Sela, 

Suppression of experimental allergic encephalomyelitis by a synthetic 

polypeptide. European Journal of Immunology 1, 242-8 (1971). 

doi.org/10.1002/eji.1830010406   

447. P. G. Klimko, N. A. Sharif, Discovery, characterization and 

clinical utility of prostaglandin agonists for the treatment of glaucoma. 

British Journal of Pharmacology 176, 1051-8 (2019). 

doi.org/10.1111/bph.14327  ncbi.nlm.nih.gov/pmc/PMC6451111 

448. F. A. Stern, L. Z. Bito, Comparison of the hypotensive and other 

ocular effects of prostaglandins E2 and F2 alpha on cat and rhesus 

monkey eyes. Investigative Ophthalmology and Visual Science 22, 

588-98 (1982).    

449. B. Charpentier, J. M. Bernardon, J. Eustache, C. Millois, B. 

Martin, S. Michel, B. Shroot, Synthesis, structure-affinity 

relationships, and biological activities of ligands binding to retinoic 

acid receptor subtypes. Journal of Medicinal Chemistry 38, 4993-5006 

(1995). doi.org/10.1021/jm00026a006   

450. R. L. Bell, P. R. Young, D. Albert, C. Lanni, J. B. Summers, D. 

W. Brooks, P. Rubin, G. W. Carter, The discovery and development of 

zileuton: An orally active 5-lipoxygenase inhibitor. International 

Journal of Immunopharmacology 14, 505-10 (1992). 

doi.org/10.1016/0192-0561(92)90182-k   

451. P. E. Petrides, Anagrelide: a decade of clinical experience with its 

use for the treatment of primary thrombocythaemia. Expert Opinion on 

Pharmacotherapy 5, 1781-98 (2004). 

doi.org/10.1517/14656566.5.8.1781   

452. C. S. Schneider, J. Mierau, Dopamine autoreceptor agonists: 

Resolution and pharmacological activity of 2,6-

diaminotetrahydrobenzothiazole and an aminothiazole analogue of 

apomorphine. Journal of Medicinal Chemistry 30, 494-8 (1987). 

doi.org/10.1021/jm00386a009   

453. J. Mierau, G. Schingnitz, Biochemical and pharmacological 

studies on pramipexole, a potent and selective dopamine D2 receptor 

agonist. European Journal of Pharmacology 215, 161-70 (1992). 

doi.org/10.1016/0014-2999(92)90024-x   

454. J. Mierau, Pramipexole: A dopamine-receptor agonist for 

treatment of Parkinson's disease. Clinical Neuropharmacology 18,  

(1995).    

455. L. Goldberg, U. Rydberg, Inhibition of ethanol metabolism in 

vivo by administration of pyrazole. Biochemical Pharmacology 18, 

1749-62 (1969). doi.org/10.1016/0006-2952(69)90164-6   

456. N. J. Azar, B. W. Abou-Khalil, "Tiagabine" in Atlas of Epilepsies, 

P. C.P., Ed,  (Springer, 2010),  chap. 283, pp. 1849-55. 

doi.org/10.1007/978-1-84882-128-6_283 

457. P. Krogsgaard-Larsen, Inhibitors of the GABA uptake systems. 

Molecular and Cellular Biochemistry 31, 105-21 (1980). 

doi.org/10.1007/BF00240816   

458. P. Krogsgaard-Larsen, B. Frolund, K. Frydenvang, GABA uptake 

inhibitors. Design, molecular pharmacology and therapeutic aspects. 

Current Pharmaceutical Design 6, 1193-209 (2000). 

doi.org/10.2174/1381612003399608   

459. R. L. Halcomb, "TLR‐7 agonists for the treatment of viral 

hepatitis" in Successful Strategies for the Discovery of Antiviral Drugs, 

M. C. Desai, N. A. Meanwell, Eds., in series: Drug Discovery.  (The 

Royal Society of Chemistry, 2013),  chap. 10, pp. 365-83. 

http://doi.org/10.1039/9781849737814-00365 

460. J. Rhodes, Discovery of immunopotentiatory drugs: Current and 

future strategies. Clinical and Experimental Immunology 130, 363-9 

(2002). doi.org/10.1046/j.1365-2249.2002.02016.x  

ncbi.nlm.nih.gov/pmc/PMC1906540 

461. N. A. Hara Y., Oda H., "Tamsulosin (Harnal, Flomax, OMNIC)" 

in Drug Discovery in Japan, N. S., Ed,  (Springer, 2019). 

doi.org/10.1007/978-981-13-8906-1_7 

462. T. Takenaka, K. Honda, T. Fujikura, K. Niigata, S. Tachikawa, 

N. Inukai, New sulfamoylphenethylamines, potent alpha 1-

adrenoceptor antagonists. Journal of Pharmacy and Pharmacology 36, 

539-42 (1984). doi.org/10.1111/j.2042-7158.1984.tb04447.x   

463. T. Takenaka, Classical vs reverse pharmacology in drug 

discovery. BJU International 88 Suppl 2, 7-10 (2001). 

doi.org/10.1111/j.1464-410x.2001.00112.x   

https://doi.org/10.1002/0471780103.ch13
https://doi.org/10.1128/AAC.15.3.361
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC352666
https://doi.org/10.1146/annurev-animal-021815-111209
https://doi.org/10.1254/jjp.89.7
https://doi.org/10.1007/978-1-4614-1400-1_2
https://doi.org/10.1021/acsmedchemlett.6b00176
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4948003
https://doi.org/10.1021/jm900141j
https://doi.org/10.1016/j.jns.2017.03.030
https://doi.org/10.1002/eji.1830010406
https://doi.org/10.1111/bph.14327
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6451111
https://doi.org/10.1021/jm00026a006
https://doi.org/10.1016/0192-0561(92)90182-k
https://doi.org/10.1517/14656566.5.8.1781
https://doi.org/10.1021/jm00386a009
https://doi.org/10.1016/0014-2999(92)90024-x
https://doi.org/10.1016/0006-2952(69)90164-6
https://doi.org/10.1007/978-1-84882-128-6_283
https://doi.org/10.1007/BF00240816
https://doi.org/10.2174/1381612003399608
http://doi.org/10.1039/9781849737814-00365
https://doi.org/10.1046/j.1365-2249.2002.02016.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1906540
https://doi.org/10.1007/978-981-13-8906-1_7
https://doi.org/10.1111/j.2042-7158.1984.tb04447.x
https://doi.org/10.1111/j.1464-410x.2001.00112.x


396 

 

464. J. Fuhlendorff, P. Rorsman, H. Kofod, C. L. Brand, B. Rolin, P. 

MacKay, R. Shymko, R. D. Carr, Stimulation of insulin release by 

repaglinide and glibenclamide involves both common and distinct 

processes. Diabetes 47, 345-51 (1998). 

doi.org/10.2337/diabetes.47.3.345   

465. M. Mark, W. Grell, Hypoglycaemic effects of the novel 

antidiabetic agent repaglinide in rats and dogs. British Journal of 

Pharmacology 121, 1597-604 (1997). doi.org/10.1038/sj.bjp.0701307  

ncbi.nlm.nih.gov/pmc/PMC1564864 

466. J. Weinstock, D. L. Ladd, J. W. Wilson, C. K. Brush, N. C. Yim, 

G. Gallagher, Jr., M. E. McCarthy, J. Silvestri, H. M. Sarau, K. E. 

Flaim, et al., Synthesis and renal vasodilator activity of some 

dopamine agonist 1-aryl-2,3,4,5-tetrahydro-1H-3-benzazepine-7,8-

diols: Halogen and methyl analogues of fenoldopam. Journal of 

Medicinal Chemistry 29, 2315-25 (1986). 

doi.org/10.1021/jm00161a029   

467. T. M. Dolak, L. I. Goldberg, "Renal blood flow and dopaminergic 

agonists" in Annual Reports in Medicinal Chemistry, H.-J. Hess, J. 

McDermed, D. Bailey, W. Comer, E. Cordes, L. Werbel, R. Allen, 

Eds., in series: Annual Reports in Medicinal Chemistry.  (Academic 

Press, 1981), vol. 16, chap. 11, pp. 103-11. doi.org/10.1016/s0065-

7743(08)61278-6 

468. R. A. Hahn, J. R. Wardell, Jr., H. M. Sarau, P. T. Ridley, 

Characterization of the peripheral and central effects of SK&F 82526, 

a novel dopamine receptor agonist. Journal of Pharmacology and 

Experimental Therapeutics 223, 305-13 (1982).    

469. R. G. Pendleton, L. Samler, C. Kaiser, P. T. Ridley, Studies on 

renal dopamine receptors with a new agonist. European Journal of 

Pharmacology 51, 19-28 (1978). doi.org/10.1016/0014-

2999(78)90057-2   

470. A. S. Bhatnagar, The discovery and mechanism of action of 

letrozole. Breast Cancer Research and Treatment 105 Suppl 1, 7-17 

(2007). doi.org/10.1007/s10549-007-9696-3  

ncbi.nlm.nih.gov/pmc/PMC2001216 

471. M. Lang, C. Batzl, P. Furet, R. Bowman, A. Hausler, A. S. 

Bhatnagar, Structure-activity relationships and binding model of novel 

aromatase inhibitors. Journal of Steroid Biochemistry and Molecular 

Biology 44, 421-8 (1993). doi.org/10.1016/0960-0760(93)90245-r   

472. L. J. Browne, C. Gude, H. Rodriguez, R. E. Steele, A. Bhatnager, 

Fadrozole hydrochloride: A potent, selective, nonsteroidal inhibitor of 

aromatase for the treatment of estrogen-dependent disease. Journal of 

Medicinal Chemistry 34, 725-36 (1991). 

doi.org/10.1021/jm00106a038   

473. G. Gallagher, Jr., P. G. Lavanchy, C. A. Webster, J. W. Wilson, 

J. P. Hieble, R. M. DeMarinis, 4-[2-(Di-n-propylamino)ethyl]-2(3H)-

indolone: A prejunctional dopamine receptor agonist. Journal of 

Medicinal Chemistry 28, 1533-6 (1985). 

doi.org/10.1021/jm00148a028   

474. M. Billiard, R. Broughton, Modafinil: Its discovery, the early 

European and North American experience in the treatment of 

narcolepsy and idiopathic hypersomnia, and its subsequent use in other 

medical conditions. Sleep Medicine 49, 69-72 (2018). 

doi.org/10.1016/j.sleep.2018.05.027   

475. L. J. Marnett, A. S. Kalgutkar, Cyclooxygenase 2 inhibitors: 

Discovery, selectivity and the future. Trends in Pharmacological 

Sciences 20, 465-9 (1999). doi.org/10.1016/s0165-6147(99)01385-1   

476. K. R. Gans, W. Galbraith, R. J. Roman, S. B. Haber, J. S. Kerr, 

W. K. Schmidt, C. Smith, W. E. Hewes, N. R. Ackerman, Anti-

inflammatory and safety profile of DuP 697, a novel orally effective 

prostaglandin synthesis inhibitor. Journal of Pharmacology and 

Experimental Therapeutics 254, 180-7 (1990).    

477. The evolution of pharmacy, Theme E, Level 3. Thalidomide and 

its aftermath. (Royal Pharmaceutical Society, 2011).  

https://web.archive.org/web/20141009110927/https://www.rpharms.c

om/museum-pdfs/e3a-thalidomide-and-its-aftermath-2011.pdf 

478. M. E. Franks, G. R. Macpherson, W. D. Figg, Thalidomide. 

Lancet 363, 1802-11 (2004). doi.org/10.1016/S0140-6736(04)16308-

3   

479. S. Teo, K. E. Resztak, M. A. Scheffler, K. A. Kook, J. B. Zeldis, 

D. I. Stirling, S. D. Thomas, Thalidomide in the treatment of leprosy. 

Microbes and Infection 4, 1193-202 (2002). doi.org/10.1016/s1286-

4579(02)01645-3   

480. I. Osterloh, How I discovered Viagra. (2015), Accessed at 28 July 

2021, https://cosmosmagazine.com/biology/how-i-discovered-viagra/, 

web.archive.org/web/20210728172315/https://cosmosmagazine.com/

biology/how-i-discovered-viagra/ 

481. I. H. Osterloh, "The discovery and development of Viagra® 

(sildenafil citrate)" in Sildenafil, U. Dunzendorfer, Ed, in series: 

Milestones in Drug Therapy MDT.  (Birkhäuser, 2004),  chap. 1, pp. 

1-13. doi.org/10.1007/978-3-0348-7945-3_1 

482. H. A. Ghofrani, I. H. Osterloh, F. Grimminger, Sildenafil: From 

angina to erectile dysfunction to pulmonary hypertension and beyond. 

Nature Reviews Drug Discovery 5, 689-702 (2006). 

doi.org/10.1038/nrd2030  ncbi.nlm.nih.gov/pmc/PMC7097805 

483. P. Lazarovici, C. Marcinkiewicz, P. I. Lelkes, From snake 

venom's disintegrins and C-type lectins to anti-platelet drugs. Toxins 

11, 303 (2019). doi.org/10.3390/toxins11050303  

ncbi.nlm.nih.gov/pmc/PMC6563238 

484. R. M. Scarborough, Development of eptifibatide. American Heart 

Journal 138, 1093-104 (1999). doi.org/10.1016/s0002-

8703(99)70075-x   

485. N. J. Woodhouse, F. H. Doyle, G. F. Joplin, Vitamin-D deficiency 

and primary hyperparathyroidism. Lancet 2, 283-6 (1971). 

doi.org/10.1016/s0140-6736(71)91333-x   

486. D. C. Swinney, J. Anthony, How were new medicines 

discovered? Nature Reviews Drug Discovery 10, 507-19 (2011). 

doi.org/10.1038/nrd3480   

487. J. C. Parker, Troglitazone: The discovery and development of a 

novel therapy for the treatment of Type 2 diabetes mellitus. Adv Drug 

Deliv Rev 54, 1173-97 (2002). doi.org/10.1016/s0169-409x(02)00093-

5   

488. J. R. Proudfoot, "Drug likeness and analogue-based drug 

discovery" in Analogue-based Drug Discovery, J. Fischer, C. R. 

Ganellin, Eds.,  (Wiley, 2010), vol. 1, chap. 2, pp. 25-52. 

doi.org/10.1002/3527608001.ch2 

489. C. E. Giurgea, The nootropic concept and its prospective 

implications. Drug Development Research 2, 441-6 (1982). 

doi.org/10.1002/ddr.430020505   

https://doi.org/10.2337/diabetes.47.3.345
https://doi.org/10.1038/sj.bjp.0701307
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1564864
https://doi.org/10.1021/jm00161a029
https://doi.org/10.1016/s0065-7743(08)61278-6
https://doi.org/10.1016/s0065-7743(08)61278-6
https://doi.org/10.1016/0014-2999(78)90057-2
https://doi.org/10.1016/0014-2999(78)90057-2
https://doi.org/10.1007/s10549-007-9696-3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2001216
https://doi.org/10.1016/0960-0760(93)90245-r
https://doi.org/10.1021/jm00106a038
https://doi.org/10.1021/jm00148a028
https://doi.org/10.1016/j.sleep.2018.05.027
https://doi.org/10.1016/s0165-6147(99)01385-1
https://web.archive.org/web/20141009110927/https:/www.rpharms.com/museum-pdfs/e3a-thalidomide-and-its-aftermath-2011.pdf
https://web.archive.org/web/20141009110927/https:/www.rpharms.com/museum-pdfs/e3a-thalidomide-and-its-aftermath-2011.pdf
https://doi.org/10.1016/S0140-6736(04)16308-3
https://doi.org/10.1016/S0140-6736(04)16308-3
https://doi.org/10.1016/s1286-4579(02)01645-3
https://doi.org/10.1016/s1286-4579(02)01645-3
https://cosmosmagazine.com/biology/how-i-discovered-viagra/
http://web.archive.org/web/20210728172315/https:/cosmosmagazine.com/biology/how-i-discovered-viagra/
http://web.archive.org/web/20210728172315/https:/cosmosmagazine.com/biology/how-i-discovered-viagra/
https://doi.org/10.1007/978-3-0348-7945-3_1
https://doi.org/10.1038/nrd2030
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7097805
https://doi.org/10.3390/toxins11050303
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6563238
https://doi.org/10.1016/s0002-8703(99)70075-x
https://doi.org/10.1016/s0002-8703(99)70075-x
https://doi.org/10.1016/s0140-6736(71)91333-x
https://doi.org/10.1038/nrd3480
https://doi.org/10.1016/s0169-409x(02)00093-5
https://doi.org/10.1016/s0169-409x(02)00093-5
https://doi.org/10.1002/3527608001.ch2
https://doi.org/10.1002/ddr.430020505


397 

 

490. S. N. Sehgal, Sirolimus: Its discovery, biological properties, and 

mechanism of action. Transplantation Proceedings 35, 7S-14S (2003). 

doi.org/10.1016/s0041-1345(03)00211-2   

491. C. Vezina, A. Kudelski, S. N. Sehgal, Rapamycin (AY-22,989), 

a new antifungal antibiotic. I. Taxonomy of the producing 

streptomycete and isolation of the active principle. Journal of 

Antibiotics 28, 721-6 (1975). doi.org/10.7164/antibiotics.28.721   

492. J. Douros, M. Suffness, New antitumor substances of natural 

origin. Cancer Treatment Reviews 8, 63-87 (1981). 

doi.org/10.1016/s0305-7372(81)80006-0   

493. S. Schwarz, J. Shen, K. Kadlec, Y. Wang, G. Brenner Michael, 

A. T. Fessler, B. Vester, Lincosamides, streptogramins, phenicols, and 

pleuromutilins: Mode of action and mechanisms of resistance. Cold 

Spring Harbor Perspectives in Medicine 6, a027037 (2016). 

doi.org/10.1101/cshperspect.a027037  

ncbi.nlm.nih.gov/pmc/PMC5088508 

494. D. Vazquez, Studies on the mode of action of the streptogramin 

antibiotics. Journal of General Microbiology 42, 93-106 (1966). 

doi.org/10.1099/00221287-42-1-93   

495. J. Charney, W. P. Fisher, C. Curran, R. A. Machlowitz, A. A. 

Tytell, Streptogramin, a new antibiotic. Antibiotics & Chemotherapy 

3, 1283-6 (1953).    

496. E. Hochuli, E. Kupfer, R. Maurer, W. Meister, Y. Mercadal, K. 

Schmidt, Lipstatin, an inhibitor of pancreatic lipase, produced by 

Streptomyces toxytricini. II. Chemistry and structure elucidation. 

Journal of Antibiotics 40, 1086-91 (1987). 

doi.org/10.7164/antibiotics.40.1086   

497. E. De Clercq, Strategies in the design of antiviral drugs. Nature 

Reviews Drug Discovery 1, 13-25 (2002). doi.org/10.1038/nrd703   

498. M. von Itzstein, W. Y. Wu, G. B. Kok, M. S. Pegg, J. C. Dyason, 

B. Jin, T. Van Phan, M. L. Smythe, H. F. White, S. W. Oliver, et al., 

Rational design of potent sialidase-based inhibitors of influenza virus 

replication. Nature 363, 418-23 (1993). doi.org/10.1038/363418a0   

499. T. Nishi, K. Yamamoto, T. Shimizu, T. Kanbe, Y. Kimura, K. 

Nakagawa, Studies on 2-oxoquinoline derivatives as blood platelet 

aggregation inhibitors. I. Alkyl 4-(2-oxo-1,2,3,4-tetrahydro-6-

quinolyloxy)butyrates and related compounds. Chemical and 

Pharmaceutical Bulletin 31, 798-810 (1983). 

doi.org/10.1248/cpb.31.798   

500. W. Snipes, S. Person, G. Keller, W. Taylor, A. Keith, Inactivation 

of lipid-containing viruses by long-chain alcohols. Antimicrobial 

Agents & Chemotherapy 11, 98-104 (1977). 

doi.org/10.1128/AAC.11.1.98  ncbi.nlm.nih.gov/pmc/PMC351925 

501. R. Kikumoto, Y. Tamao, T. Tezuka, S. Tonomura, H. Hara, K. 

Ninomiya, A. Hijikata, S. Okamoto, Selective inhibition of thrombin 

by (2R,4R)-4-methyl-1-[N2-[(3-methyl-1,2,3,4-tetrahydro-8-

quinolinyl++ +) sulfonyl]-l-arginyl)]-2-piperidinecarboxylic acid. 

Biochemistry 23, 85-90 (1984). doi.org/10.1021/bi00296a014   

502. H. Nar, The role of structural information in the discovery of 

direct thrombin and factor Xa inhibitors. Trends in Pharmacological 

Sciences 33, 279-88 (2012). doi.org/10.1016/j.tips.2012.03.004   

503. W. S. Fields, The history of leeching and hirudin. Haemostasis 21 

Suppl 1, 3-10 (1991). doi.org/10.1159/000216256   

504. G. E. Zurenko, C. W. Ford, D. K. Hutchinson, S. J. Brickner, M. 

R. Barbachyn, Oxazolidinone antibacterial agents: Development of the 

clinical candidates eperezolid and linezolid. Expert Opinion on 

Investigational Drugs 6, 151-8 (1997). 

doi.org/10.1517/13543784.6.2.151   

505. A. M. Slee, M. A. Wuonola, R. J. McRipley, I. Zajac, M. J. 

Zawada, P. T. Bartholomew, W. A. Gregory, M. Forbes, 

Oxazolidinones, a new class of synthetic antibacterial agents: In vitro 

and in vivo activities of DuP 105 and DuP 721. Antimicrobial Agents 

& Chemotherapy 31, 1791-7 (1987). 

doi.org/10.1128/AAC.31.11.1791  

ncbi.nlm.nih.gov/pmc/PMC175041 

506. S. B. Brown, K. J. Mellish, Verteporfin: A milestone in 

opthalmology and photodynamic therapy. Expert Opinion on 

Pharmacotherapy 2, 351-61 (2001). 

doi.org/10.1517/14656566.2.2.351   

507. H. Shinkai, K. Toi, I. Kumashiro, Y. Seto, M. Fukuma, K. Dan, 

S. Toyoshima, N-acylphenylalanines and related compounds. A new 

class of oral hypoglycemic agents. Journal of Medicinal Chemistry 31, 

2092-7 (1988). doi.org/10.1021/jm00119a007   

508. H. Shinkai, M. Nishikawa, Y. Sato, K. Toi, I. Kumashiro, Y. Seto, 

M. Fukuma, K. Dan, S. Toyoshima, N-(cyclohexylcarbonyl)-D-

phenylalanines and related compounds. A new class of oral 

hypoglycemic agents. 2. Journal of Medicinal Chemistry 32, 1436-41 

(1989). doi.org/10.1021/jm00127a006   

509. F. J. Erbguth, M. Naumann, On the first systematic descriptions 

of botulism and botulinum toxin by Justinus Kerner (1786-1862). 

Journal of the History of the Neurosciences 9, 218-20 (2000). 

doi.org/10.1076/0964-704X(200008)9:2;1-Y;FT218   

510. R. Capdeville, E. Buchdunger, J. Zimmermann, A. Matter, Glivec 

(STI571, imatinib), a rationally developed, targeted anticancer drug. 

Nature Reviews Drug Discovery 1, 493-502 (2002). 

doi.org/10.1038/nrd839   

511. D. C. Swinney, "Phenotypic drug discovery: History, evolution, 

future" in Phenotypic Drug Discovery, in series: Drug Discovery.  

(Royal Society of Chemistry, 2020),  chap. 1, pp. 1-19. 

http://doi.org/10.1039/9781839160721-00001 

512. A. Tosti, M. Pazzaglia, S. Voudouris, G. Tosti, Hypertrichosis of 

the eyelashes caused by bimatoprost. Journal of the American 

Academy of Dermatology 51, S149-50 (2004). 

doi.org/10.1016/j.jaad.2004.05.002   

513. J. M. Balkovec, D. L. Hughes, P. S. Masurekar, C. A. Sable, R. 

E. Schwartz, S. B. Singh, Discovery and development of first in class 

antifungal caspofungin (CANCIDAS®)--a case study. Natural 

Products Reports 31, 15-34 (2014). doi.org/10.1039/c3np70070d   

514. R. E. Schwartz, R. A. Giacobbe, J. A. Bland, R. L. Monaghan, L-

671,329, a new antifungal agent. I. Fermentation and isolation. Journal 

of Antibiotics 42, 163-7 (1989). doi.org/10.7164/antibiotics.42.163   

515. H. A. Mucke, The case of galantamine: Repurposing and late 

blooming of a cholinergic drug. Future Science OA 1, FSO73 (2015). 

doi.org/10.4155/fso.15.73  ncbi.nlm.nih.gov/pmc/PMC5137937 

516. M. Heinrich, H. Lee Teoh, Galanthamine from snowdrop--the 

development of a modern drug against Alzheimer's disease from local 

Caucasian knowledge. Journal of Ethnopharmacology 92, 147-62 

(2004). doi.org/10.1016/j.jep.2004.02.012   

https://doi.org/10.1016/s0041-1345(03)00211-2
https://doi.org/10.7164/antibiotics.28.721
https://doi.org/10.1016/s0305-7372(81)80006-0
https://doi.org/10.1101/cshperspect.a027037
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5088508
https://doi.org/10.1099/00221287-42-1-93
https://doi.org/10.7164/antibiotics.40.1086
https://doi.org/10.1038/nrd703
https://doi.org/10.1038/363418a0
https://doi.org/10.1248/cpb.31.798
https://doi.org/10.1128/AAC.11.1.98
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC351925
https://doi.org/10.1021/bi00296a014
https://doi.org/10.1016/j.tips.2012.03.004
https://doi.org/10.1159/000216256
https://doi.org/10.1517/13543784.6.2.151
https://doi.org/10.1128/AAC.31.11.1791
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC175041
https://doi.org/10.1517/14656566.2.2.351
https://doi.org/10.1021/jm00119a007
https://doi.org/10.1021/jm00127a006
https://doi.org/10.1076/0964-704X(200008)9:2;1-Y;FT218
https://doi.org/10.1038/nrd839
http://doi.org/10.1039/9781839160721-00001
https://doi.org/10.1016/j.jaad.2004.05.002
https://doi.org/10.1039/c3np70070d
https://doi.org/10.7164/antibiotics.42.163
https://doi.org/10.4155/fso.15.73
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5137937
https://doi.org/10.1016/j.jep.2004.02.012


398 

 

517. M. Clozel, V. Breu, G. A. Gray, B. Kalina, B. M. Loffler, K. 

Burri, J. M. Cassal, G. Hirth, M. Muller, W. Neidhart, et al., 

Pharmacological characterization of bosentan, a new potent orally 

active nonpeptide endothelin receptor antagonist. Journal of 

Pharmacology and Experimental Therapeutics 270, 228-35 (1994).    

518. M. Clozel, V. Breu, K. Burri, J. M. Cassal, W. Fischli, G. A. Gray, 

G. Hirth, B. M. Loffler, M. Muller, W. Neidhart, et al., 

Pathophysiological role of endothelin revealed by the first orally active 

endothelin receptor antagonist. Nature 365, 759-61 (1993). 

doi.org/10.1038/365759a0   

519. J. F. Rossignol, Nitazoxanide: A first-in-class broad-spectrum 

antiviral agent. Antiviral Research 110, 94-103 (2014). 

doi.org/10.1016/j.antiviral.2014.07.014  

ncbi.nlm.nih.gov/pmc/PMC7113776 

520. K.-H. Buchheit, R. Gamse, R. Giger, D. Hoyer, F. Klein, E. 

Kloeppner, H.-J. Pfannkuche, H. Mattes, The serotonin 5-HT4 

receptor. 1. design of a new class of agonists and receptor map of the 

agonist recognition site. Journal of Medicinal Chemistry 38, 2326-30 

(1995). doi.org/10.1021/jm00013a009   

521. K.-H. Buchheit, R. Gamse, R. Giger, D. Hoyer, F. Klein, E. 

Kloeppner, H.-J. Pfannkuche, H. Mattes, The serotonin 5-HT4 

receptor. 2. Structure-activity studies of the indole carbazimidamide 

class of agonists. Journal of Medicinal Chemistry 38, 2331-8 (1995). 

doi.org/10.1021/jm00013a010   

522. P. M. Whitaker-Azmitia, The discovery of serotonin and its role 

in neuroscience. Neuropsychopharmacology 21, 2S-8S (1999). 

doi.org/10.1016/S0893-133X(99)00031-7   

523. H. Laborit, Sodium 4-hydroxybutyrate. International Journal of 

Neuropharmacology 3, 433-IN8 (1964). doi.org/10.1016/0028-

3908(64)90074-7   

524. Y. Oshiro, S. Sato, N. Kurahashi, T. Tanaka, T. Kikuchi, K. 

Tottori, Y. Uwahodo, T. Nishi, Novel antipsychotic agents with 

dopamine autoreceptor agonist properties: Synthesis and 

pharmacology of 7-[4-(4-phenyl-1-piperazinyl)butoxy]-3,4-dihydro-

2(1H)-quinolinone derivatives. Journal of Medicinal Chemistry 41, 

658-67 (1998). doi.org/10.1021/jm940608g   

525. J. J. Nordlund, Hyperpigmentation: Its historical treatment and 

the development of hydroquinone. Journal of Pigmentary Disorders 2, 

1000221 (2015). doi.org/10.4172/2376-0427.1000221   

526. B. G. Salisbury, H. R. Davis, R. E. Burrier, D. A. Burnett, G. 

Bowkow, M. A. Caplen, A. L. Clemmons, D. S. Compton, L. M. Hoos, 

D. G. McGregor, et al., Hypocholesterolemic activity of a novel 

inhibitor of cholesterol absorption, SCH 48461. Atherosclerosis 115, 

45-63 (1995). doi.org/10.1016/0021-9150(94)05499-9   

527. M. Garland, P. Kirkpatrick, Atomoxetine hydrochloride. Nature 

Reviews Drug Discovery 3, 385-6 (2004). doi.org/10.1038/nrd1387   

528. S. A. Glase, D. W. Robertson, L. D. Wise, "Attention deficit 

hyperactivity disorder: Pathophysiology and design of new treatments" 

in Annual Reports in Medicinal Chemistry Volume 37, in series: 

Annual Reports in Medicinal Chemistry.  (Academic Press, 2002), vol. 

37, chap. 2, pp. 11-20. http://doi.org/10.1016/s0065-7743(02)37003-9 

529. F. P. Bymaster, J. S. Katner, D. L. Nelson, S. K. Hemrick-Luecke, 

P. G. Threlkeld, J. H. Heiligenstein, S. M. Morin, D. R. Gehlert, K. W. 

Perry, Atomoxetine increases extracellular levels of norepinephrine 

and dopamine in prefrontal cortex of rat: A potential mechanism for 

efficacy in attention deficit/hyperactivity disorder. 

Neuropsychopharmacology 27, 699-711 (2002). 

doi.org/10.1016/S0893-133X(02)00346-9   

530. S. Kamlesh, "History of nitisinone (NTBC)" in Alkaptonuria and 

Ochronosis, J. Rovenský, T. Urbánek, B. Oľga, J. Gallagher, Eds.,  

(Springer, 2015),  chap. 26, pp. 129-33. doi.org/10.1007/978-3-319-

15108-3_26 

531. R. Hargreaves, J. C. Ferreira, D. Hughes, J. Brands, J. Hale, B. 

Mattson, S. Mills, Development of aprepitant, the first neurokinin-1 

receptor antagonist for the prevention of chemotherapy-induced 

nausea and vomiting. Ann N Y Acad Sci 1222, 40-8 (2011). 

doi.org/10.1111/j.1749-6632.2011.05961.x   

532. A. E. Wakeling, "Discovery and development of iressa: The first 

in a new class of drugs targeted at the epidermal growth factor receptor 

tyrosine kinase" in Inhibitors of Protein Kinases and Protein 

Phosphates, L. A. Pinna, P. T. Cohen, Eds., in series: Handbook of 

Experimental Pharmacology.  (Springer, 2005), vol. 167, chap. 16, pp. 

433-50. doi.org/10.1007/3-540-26670-4_16 

533. S. Alam, K. S. Lingenfelter, A. M. Bender, C. W. Lindsley, 

Classics in chemical neuroscience: Memantine. ACS Chemical 

Neuroscience 8, 1823-9 (2017). 

doi.org/10.1021/acschemneuro.7b00270   

534. A. L. Goldberg, Development of proteasome inhibitors as 

research tools and cancer drugs. Journal of Cell Biology 199, 583-8 

(2012). doi.org/10.1083/jcb.201210077  

ncbi.nlm.nih.gov/pmc/PMC3494858 

535. F. M. Platt, G. R. Neises, R. A. Dwek, T. D. Butters, N-

butyldeoxynojirimycin is a novel inhibitor of glycolipid biosynthesis. 

Journal of Biological Chemistry 269, 8362-5 (1994).    

536. J. J. Kopchick, Discovery and mechanism of action of 

pegvisomant. European Journal of Endocrinology. Oslo 148 Suppl 2, 

S21-5 (2003). doi.org/10.1530/eje.0.148s021   

537. B. I. Eisenstein, F. B. Oleson, Jr., R. H. Baltz, Daptomycin: From 

the mountain to the clinic, with essential help from Francis Tally, MD. 

Clinical Infectious Diseases 50 Suppl 1, S10-5 (2010). 

doi.org/10.1086/647938   

538. E. F. Nemeth, Misconceptions about calcimimetics. Ann N Y Acad 

Sci 1068, 471-6 (2006). doi.org/10.1196/annals.1346.044   

539. K. Valentino, R. Newcomb, T. Gadbois, T. Singh, S. Bowersox, 

S. Bitner, A. Justice, D. Yamashiro, B. B. Hoffman, R. Ciaranello, et 

al., A selective N-type calcium channel antagonist protects against 

neuronal loss after global cerebral ischemia. Proceedings of the 

National Academy of Sciences of the United States of America 90, 

7894-7 (1993). doi.org/10.1073/pnas.90.16.7894  

ncbi.nlm.nih.gov/pmc/PMC47249 

540. M. C. Bardone, R. Ducrot, C. Garret, L. Julou, "Benzodiazepine-

like central effects of R.P. 27 267, a dihydro-7-oxo-5H-pyrrolo [3,4-b] 

pyrazine derivative" in Abstracts, in series: Proceedings of the Seventh 

International Congress of Pharmacology.  (Pergamon, 1978), pp. 743. 

doi.org/10.1016/B978-0-08-023768-8.51931-9 

541. F. Calanni, C. Renzulli, M. Barbanti, G. C. Viscomi, Rifaximin: 

Beyond the traditional antibiotic activity. Journal of Antibiotics 67, 

667-70 (2014). doi.org/10.1038/ja.2014.106   

https://doi.org/10.1038/365759a0
https://doi.org/10.1016/j.antiviral.2014.07.014
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7113776
https://doi.org/10.1021/jm00013a009
https://doi.org/10.1021/jm00013a010
https://doi.org/10.1016/S0893-133X(99)00031-7
https://doi.org/10.1016/0028-3908(64)90074-7
https://doi.org/10.1016/0028-3908(64)90074-7
https://doi.org/10.1021/jm940608g
https://doi.org/10.4172/2376-0427.1000221
https://doi.org/10.1016/0021-9150(94)05499-9
https://doi.org/10.1038/nrd1387
http://doi.org/10.1016/s0065-7743(02)37003-9
https://doi.org/10.1016/S0893-133X(02)00346-9
https://doi.org/10.1007/978-3-319-15108-3_26
https://doi.org/10.1007/978-3-319-15108-3_26
https://doi.org/10.1111/j.1749-6632.2011.05961.x
https://doi.org/10.1007/3-540-26670-4_16
https://doi.org/10.1021/acschemneuro.7b00270
https://doi.org/10.1083/jcb.201210077
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3494858
https://doi.org/10.1530/eje.0.148s021
https://doi.org/10.1086/647938
https://doi.org/10.1196/annals.1346.044
https://doi.org/10.1073/pnas.90.16.7894
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC47249
https://doi.org/10.1016/B978-0-08-023768-8.51931-9
https://doi.org/10.1038/ja.2014.106


399 

 

542. J. Eder, R. Sedrani, C. Wiesmann, The discovery of first-in-class 

drugs: Origins and evolution. Nature Reviews Drug Discovery 13, 577-

87 (2014). doi.org/10.1038/nrd4336   

543. J. F. Lyons, S. Wilhelm, B. Hibner, G. Bollag, Discovery of a 

novel Raf kinase inhibitor. Endocrine-Related Cancer 8, 219-25 

(2001). doi.org/10.1677/erc.0.0080219   

544. A. Fujie, Discovery of micafungin (FK463): A novel antifungal 

drug derived from a natural product lead. Pure and Applied Chemistry 

79, 603-14 (2007). doi.org/10.1351/pac200779040603   

545. A. B. Lerner, J. D. Case, Y. Takahashi, T. H. Lee, W. Mori, 

Isolation of melatonin, the pineal gland factor that lightens 

melanocytes. Journal of the American Chemical Society 80, 2587- 

(1958). doi.org/10.1021/ja01543a060   

546. R. J. Wurtman, J. Axelrod, L. S. Phillips, Melatonin synthesis in 

the pineal gland: Control by light. Science 142, 1071 (1963). 

doi.org/10.1126/science.142.3595.1071   

547. T. J. Marczynski, N. Yamaguchi, G. M. Ling, L. Grodzinska, 

Sleep induced by the administration of melatonin (5-methoxy-N-

acetyltryptamine) to the hypothalamus in unrestrained cats. 

Experientia 20, 435-7 (1964). doi.org/10.1007/BF02152134   

548. B. L. Furman, The development of Byetta (exenatide) from the 

venom of the Gila monster as an anti-diabetic agent. Toxicon 59, 464-

71 (2012). doi.org/10.1016/j.toxicon.2010.12.016   

549. J. P. Raufman, R. T. Jensen, V. E. Sutliff, J. J. Pisano, J. D. 

Gardner, Actions of Gila monster venom on dispersed acini from 

guinea pig pancreas. American Journal of Physiology 242, G470-4 

(1982). doi.org/10.1152/ajpgi.1982.242.5.G470   

550. A. E. Weber, N. Thornberry, "Case history: Januvia™ 

(sitagliptin), a selective dipeptidyl eptidase IV inhibitor for the 

treatment of type 2 diabetes" in Annual Reports in Medicinal 

Chemistry, J. E. Macor, Ed, in series: Annual Reports in Medicinal 

Chemistry.  (Academic Press, 2007), vol. 42, chap. 7, pp. 95-109. 

http://doi.org/10.1016/s0065-7743(07)42007-3 

551. C. J. Jordan, Z. X. Xi, Discovery and development of varenicline 

for smoking cessation. Expert Opinion on Drug Discovery 13, 671-83 

(2018). doi.org/10.1080/17460441.2018.1458090  

ncbi.nlm.nih.gov/pmc/PMC6179352 

552. J. M. Wood, J. Maibaum, J. Rahuel, M. G. Grutter, N. C. Cohen 

et al., Structure-based design of aliskiren, a novel orally effective renin 

inhibitor. Biochemical and Biophysical Research Communications 

308, 698-705 (2003). doi.org/10.1016/s0006-291x(03)01451-7   

553. V. Summa, A. Petrocchi, F. Bonelli, B. Crescenzi, M. Donghi et 

al., Discovery of raltegravir, a potent, selective orally bioavailable 

HIV-integrase inhibitor for the treatment of HIV-AIDS infection. 

Journal of Medicinal Chemistry 51, 5843-55 (2008). 

doi.org/10.1021/jm800245z   

554. F. Kavanagh, A. Hervey, W. J. Robbins, Antibiotic substances 

from basidiomycetes: VIII. Pleurotus multilus (Fr.) Sacc. and 

Pleurotus passeckerianus pilat. Proceedings of the National Academy 

of Sciences of the United States of America 37, 570-4 (1951). 

doi.org/10.1073/pnas.37.9.570  ncbi.nlm.nih.gov/pmc/PMC1063423 

555. J. T. Hunt, Discovery of ixabepilone. Molecular Cancer 

Therapeutics 8, 275-81 (2009). doi.org/10.1158/1535-7163.MCT-08-

0999   

556. G. Höfle, "General aspects" in The Epothilones: An Outstanding 

Family of Anti-Tumor Agents, K. H. Altmann, G. Höfle, R. Müller, J. 

Mulzer, K. Prantz, Eds., in series: Fortschritte der Chemie organischer 

Naturstoffe / Progress in the Chemistry of Organic Natural Products.  

(Springer, 2009),  chap. 1, pp. 5-28. doi.org/10.1007/978-3-211-

78207-1_1 

557. R. D. MacArthur, R. M. Novak, Reviews of anti-infective agents: 

Maraviroc: The first of a new class of antiretroviral agents. Clinical 

Infectious Diseases 47, 236-41 (2008). doi.org/10.1086/589289   

558. R. W. Wilkins, Clinical usage of Rauwolfia alkaloids, including 

reserpine (serpasil). Ann N Y Acad Sci 59, 36-44 (1954). 

doi.org/10.1111/j.1749-6632.1954.tb45916.x   

559. J. Monachino, Rauvolfia serpentina—Its history, botany and 

medical use. Economic Botany 8, 349-65 (1954). 

doi.org/10.1007/bf02908608   

560. S. P. Fricker, Physiology and pharmacology of plerixafor. 

Transfusion Medicine and Hemotherapy 40, 237-45 (2013). 

doi.org/10.1159/000354132  ncbi.nlm.nih.gov/pmc/PMC3776399 

561. E. De Clercq, N. Yamamoto, R. Pauwels, M. Baba, D. Schols, H. 

Nakashima, J. Balzarini, Z. Debyser, B. A. Murrer, D. Schwartz, et al., 

Potent and selective inhibition of human immunodeficiency virus 

(HIV)-1 and HIV-2 replication by a class of bicyclams interacting with 

a viral uncoating event. Proceedings of the National Academy of 

Sciences of the United States of America 89, 5286-90 (1992). 

doi.org/10.1073/pnas.89.12.5286  ncbi.nlm.nih.gov/pmc/PMC49276 

562. J. Fischer, C. R. Ganellin, J. Proudfoot, E. M. Alapi, "Optimizing 

drug therapy by analogues" in Analogue-based Drug Discovery, J. 

Fischer, C. R. Ganellin, Eds.,  (Wiley, 2010), vol. 3, chap. 1, pp. 1-28. 

doi.org/10.1002/9783527630035.ch1 

563. S. Nair, J. P. Wilding, Sodium glucose cotransporter 2 inhibitors 

as a new treatment for diabetes mellitus. Journal of Clinical 

Endocrinology and Metabolism 95, 34-42 (2010). 

doi.org/10.1210/jc.2009-0473   

564. G. E. Duncan, H. Kohn, The novel antiepileptic drug lacosamide 

blocks behavioral and brain metabolic manifestations of seizure 

activity in the 6 Hz psychomotor seizure model. Epilepsy Research 67, 

81-7 (2005). doi.org/10.1016/j.eplepsyres.2005.08.009   

565. D. L. Klayman, Qinghaosu (artemisinin): An antimalarial drug 

from China. Science 228, 1049-55 (1985). 

doi.org/10.1126/science.3887571   

566. C. Weiyuan, Ancient Chinese anti-fever cure becomes panacea 

for malaria. Bulletin of the World Health Organization 87, 743-4 

(2009). doi.org/10.2471/blt.09.051009  

ncbi.nlm.nih.gov/pmc/PMC2755319 

567. Z. Meiyi, L. Guoqiao, L. Ying, L. Zelin, L. Xu, N. Dianxi, W. 

Jingyan, J. Xiuqing, S. Linrong, L. Tianwei, S. Linrong, "Discovery of 

qinghaosu (artemisinin)—history of research and development of 

artemisinin-based antimalarials" in Artemisinin-Based and Other 

Antimalarials, L. Guoqiao, L. Ying, L. Zelin, Z. Meiyi, Eds.,  

(Academic Press, 2018),  chap. 1, pp. 1-67. 

http://doi.org/10.1016/b978-0-12-813133-6.00001-9 

568. F. C. Meotti, E. Lemos de Andrade, J. B. Calixto, "TRP 

modulation by natural compounds" in Mammalian Transient Receptor 

Potential (TRP) Cation Channels, B. Nilius, V. Flockerzi, Eds., in 

https://doi.org/10.1038/nrd4336
https://doi.org/10.1677/erc.0.0080219
https://doi.org/10.1351/pac200779040603
https://doi.org/10.1021/ja01543a060
https://doi.org/10.1126/science.142.3595.1071
https://doi.org/10.1007/BF02152134
https://doi.org/10.1016/j.toxicon.2010.12.016
https://doi.org/10.1152/ajpgi.1982.242.5.G470
http://doi.org/10.1016/s0065-7743(07)42007-3
https://doi.org/10.1080/17460441.2018.1458090
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6179352
https://doi.org/10.1016/s0006-291x(03)01451-7
https://doi.org/10.1021/jm800245z
https://doi.org/10.1073/pnas.37.9.570
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1063423
https://doi.org/10.1158/1535-7163.MCT-08-0999
https://doi.org/10.1158/1535-7163.MCT-08-0999
https://doi.org/10.1007/978-3-211-78207-1_1
https://doi.org/10.1007/978-3-211-78207-1_1
https://doi.org/10.1086/589289
https://doi.org/10.1111/j.1749-6632.1954.tb45916.x
https://doi.org/10.1007/bf02908608
https://doi.org/10.1159/000354132
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3776399
https://doi.org/10.1073/pnas.89.12.5286
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC49276
https://doi.org/10.1002/9783527630035.ch1
https://doi.org/10.1210/jc.2009-0473
https://doi.org/10.1016/j.eplepsyres.2005.08.009
https://doi.org/10.1126/science.3887571
https://doi.org/10.2471/blt.09.051009
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2755319
http://doi.org/10.1016/b978-0-12-813133-6.00001-9


400 

 

series: Handbook of Experimental Pharmacology. vol. 223,  (Springer, 

2014), vol. 2, pp. 1177-238. doi.org/10.1007/978-3-319-05161-1_19 

569. K. Kondo, Y. Yamamura, "The discovery of Samsca® 

(tolvaptan): The first oral nonpeptide vasopressin receptor antagonist" 

in Case Studies in Modern Drug Discovery and Development, X. 

Huang, R. G. Aslanian, Eds.,  (Wiley, 2012),  chap. 13, pp. 336-59. 

doi.org/10.1002/9781118219683.ch13 

570. H. Ueda, H. Nakajima, Y. Hori, T. Fujita, M. Nishimura, T. Goto, 

M. Okuhara, FR901228, a novel antitumor bicyclic depsipeptide 

produced by Chromobacterium violaceum No. 968. I. Taxonomy, 

fermentation, isolation, physico-chemical and biological properties, 

and antitumor activity. Journal of Antibiotics 47, 301-10 (1994). 

doi.org/10.7164/antibiotics.47.301   

571. P. Wu, A. Choudhary, "Kinase inhibitor drugs" in Successful 

Drug Discovery, J. Fisher, C. Klein, W. E. Childers, Eds.,  (Wiley, 

2018), vol. 3, chap. 3, pp. 65-93. doi.org/10.1002/9783527808694.ch3 

572. A. R. Blight, H. R. Henney, 3rd, R. Cohen, Development of 

dalfampridine, a novel pharmacologic approach for treating walking 

impairment in multiple sclerosis. Ann N Y Acad Sci 1329, 33-44 

(2014). doi.org/10.1111/nyas.12512   

573. K. Chiba, K. Adachi, Discovery of fingolimod, the sphingosine 

1-phosphate receptor modulator and its application for the therapy of 

multiple sclerosis. Future Medicinal Chemistry 4, 771-81 (2012). 

doi.org/10.4155/fmc.12.25   

574. K. Adachi, T. Kohara, N. Nakao, M. Arita, K. Chiba, T. Mishina, 

S. Sasaki, T. Fujita, Design, synthesis, and structure-activity 

relationships of 2-substituted-2-amino-1,3-propanediols: Discovery of 

a novel immunosuppressant, FTY720. Bioorganic and Medicinal 

Chemistry Letters 5, 853-6 (1995). doi.org/10.1016/0960-

894x(95)00127-f   

575. K. Chiba, Discovery of fingolimod based on the chemical 

modification of a natural product from the fungus, Isaria sinclairii. 

Journal of Antibiotics 73, 666-78 (2020). doi.org/10.1038/s41429-

020-0351-0   

576. N. H. Hauel, H. Nar, H. Priepke, U. Ries, J. M. Stassen, W. 

Wienen, Structure-based design of novel potent nonpeptide thrombin 

inhibitors. Journal of Medicinal Chemistry 45, 1757-66 (2002). 

doi.org/10.1021/jm0109513   

577. J. P. Vacca, "Thrombosis and coagulation" in Annual Reports in 

Medicinal Chemistry, J. A. Bristol, Ed, in series: Annual Reports in 

Medicinal Chemistry.  (Academic Press, 1998), vol. 33, chap. 9, pp. 

81-90. doi.org/10.1016/S0065-7743(08)61074-X 

578. M. Yu, Y. Kishi, B. Littlefield, "Chemistry and biology of the 

discodermolides, potent mitotic spindle poisons" in Anticancer Agents 

from Natural Products, G. M. Cragg, D. G. I. Kingston, D. J. Newman, 

Eds.,  (CRC, 2 edition, 2012),  chap. 10, pp. 257-78. 

doi.org/10.1201/b11185-14 

579. D. Uemura, K. Takahashi, T. Yamamoto, C. Katayama, J. 

Tanaka, Y. Okumura, Y. Hirata, Norhalichondrin A: An antitumor 

polyether macrolide from a marine sponge. Journal of the American 

Chemical Society 107, 4796-8 (2002). doi.org/10.1021/ja00302a042   

580. K. Tachibana, P. J. Scheuer, Y. Tsukitani, H. Kikuchi, D. Van 

Engen, J. Clardy, Y. Gopichand, F. J. Schmitz, Okadaic acid, a 

cytotoxic polyether from two marine sponges of the genus 

Halichondria. Journal of the American Chemical Society 103, 2469-71 

(2002). doi.org/10.1021/ja00399a082   

581. D. C. Swinney, S. Xia, The discovery of medicines for rare 

diseases. Future Medicinal Chemistry 6, 987-1002 (2014). 

doi.org/10.4155/fmc.14.65  ncbi.nlm.nih.gov/pmc/PMC4354801 

582. R. Brown, R. Manning, M. Delp, S. Grisolia, Treatment of 

hepatocerebral intoxication. Lancet 271, 591-2 (1958). 

doi.org/10.1016/s0140-6736(58)91228-5   

583. S. Kim, W. K. Paik, P. P. Cohen, Ammonia intoxication in rats: 

Protection by N-carbamoyl-L-glutamate plus L-arginine. Proceedings 

of the National Academy of Sciences of the United States of America 

69, 3530-3 (1972). doi.org/10.1073/pnas.69.12.3530  

ncbi.nlm.nih.gov/pmc/PMC389814 

584. P. P. Cohen, S. Grisolia, The intermediate role of carbamyl-L-

glutamic acid in citrulline synthesis. Journal of Biological Chemistry 

174, 389-90 (1948). doi.org/10.1016/s0021-9258(18)57412-3   

585. G. D. Thompson, R. Dutton, T. C. Sparks, Spinosad - a case study: 

An example from a natural products discovery programme. Pest 

Management Science 56, 696-702 (2000). doi.org/10.1002/1526-

4998(200008)56:8<696::Aid-ps182>3.0.Co;2-5   

586. H. A. Kirst, K. H. Michel, J. S. Mynderase, E. H. Chio, R. C. Yao, 

W. M. Nakasukasa, L. D. Boeck, J. L. Occlowitz, J. W. Paschal, J. B. 

Deeter, G. D. Thompson, "Discovery, isolation, and structure 

elucidation of a family of structurally inique, fermentation-derived 

tetracyclic macrolides" in Synthesis and Chemistry of Agrochemicals 

III, D. R. Baker, J. G. Fenyes, J. J. Steffens, Eds., in series: ACS 

Symposium Series. vol. 504,  (American Chemical Society, 1992),  

chap. 20, pp. 214-25. doi.org/10.1021/bk-1992-0504.ch020 

587. J. J. Cui, M. Tran-Dube, H. Shen, M. Nambu, P. P. Kung et al., 

Structure based drug design of crizotinib (PF-02341066), a potent and 

selective dual inhibitor of mesenchymal-epithelial transition factor (c-

MET) kinase and anaplastic lymphoma kinase (ALK). Journal of 

Medicinal Chemistry 54, 6342-63 (2011). doi.org/10.1021/jm2007613   

588. C. C. Poon, J. J. Kelly, Development of crizotinib, a rationally 

designed tyrosine kinase inhibitor for non-small cell lung cancer. 

International Journal of Cancer 140, 1945-54 (2017). 

doi.org/10.1002/ijc.30533   

589. H. Y. Zou, Q. Li, J. H. Lee, M. E. Arango, S. R. McDonnell, S. 

Yamazaki, T. B. Koudriakova, G. Alton, J. J. Cui, P. P. Kung, M. D. 

Nambu, G. Los, S. L. Bender, B. Mroczkowski, J. G. Christensen, An 

orally available small-molecule inhibitor of c-Met, PF-2341066, 

exhibits cytoreductive antitumor efficacy through antiproliferative and 

antiangiogenic mechanisms. Cancer Research 67, 4408-17 (2007). 

doi.org/10.1158/0008-5472.CAN-06-4443   

590. K. Vaddi, "The discovery and development of ruxolitinib for the 

treatment of myelofibrosis" in Orphan Drugs and Rare Diseases, D. 

C. Pryde, M. J. Palmer, Eds., in series: Drug Discovery.  (Royal 

Society of Chemistry, 2014),  chap. 15, pp. 419-39. 

http://doi.org/10.1039/9781782624202-00419 

591. E. S. M. Rocha, W. T. Beraldo, G. Rosenfeld, Bradykinin, a 

hypotensive and smooth muscle stimulating factor released from 

plasma globulin by snake venoms and by trypsin. American Journal of 

Physiology 156, 261-73 (1949). 

doi.org/10.1152/ajplegacy.1949.156.2.261   

https://doi.org/10.1007/978-3-319-05161-1_19
https://doi.org/10.1002/9781118219683.ch13
https://doi.org/10.7164/antibiotics.47.301
https://doi.org/10.1002/9783527808694.ch3
https://doi.org/10.1111/nyas.12512
https://doi.org/10.4155/fmc.12.25
https://doi.org/10.1016/0960-894x(95)00127-f
https://doi.org/10.1016/0960-894x(95)00127-f
https://doi.org/10.1038/s41429-020-0351-0
https://doi.org/10.1038/s41429-020-0351-0
https://doi.org/10.1021/jm0109513
https://doi.org/10.1016/S0065-7743(08)61074-X
https://doi.org/10.1201/b11185-14
https://doi.org/10.1021/ja00302a042
https://doi.org/10.1021/ja00399a082
https://doi.org/10.4155/fmc.14.65
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4354801
https://doi.org/10.1016/s0140-6736(58)91228-5
https://doi.org/10.1073/pnas.69.12.3530
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC389814
https://doi.org/10.1016/s0021-9258(18)57412-3
https://doi.org/10.1002/1526-4998(200008)56:8%3c696::Aid-ps182%3e3.0.Co;2-5
https://doi.org/10.1002/1526-4998(200008)56:8%3c696::Aid-ps182%3e3.0.Co;2-5
https://doi.org/10.1021/bk-1992-0504.ch020
https://doi.org/10.1021/jm2007613
https://doi.org/10.1002/ijc.30533
https://doi.org/10.1158/0008-5472.CAN-06-4443
http://doi.org/10.1039/9781782624202-00419
https://doi.org/10.1152/ajplegacy.1949.156.2.261


401 

 

592. P. Ibrahim, J. Zhang, C. Zhang, J. Tsai, G. Habets, G. Bollag, 

"Discovery and development of vemurafenib: First-in-class inhibitor 

of mutant BRAF for the treatment of cancer" in Medicinal Chemistry 

Approaches to Personalized Medicine, K. Lackey, B. D. Roth, Eds., in 

series: Methods and Principles in Medicinal Chemistry.  (2013), pp. 

91-100. doi.org/10.1002/9783527677252.ch04 

593. ,  (!!! INVALID CITATION !!! (2)).    

594. A. Hatzelmann, C. Schudt, Anti-inflammatory and 

immunomodulatory potential of the novel PDE4 inhibitor roflumilast 

in vitro. Journal of Pharmacology and Experimental Therapeutics 

297, 267-79 (2001).    

595. C. Schudt, S. Winder, S. Forderkunz, A. Hatzelmann, V. Ullrich, 

Influence of selective phosphodiesterase inhibitors on human 

neutrophil functions and levels of cAMP and Cai. Naunyn 

Schmiedebergs Arch Pharmacol 344, 682-90 (1991). 

doi.org/10.1007/BF00174752   

596. E. Perzborn, S. Roehrig, A. Straub, D. Kubitza, F. Misselwitz, 

The discovery and development of rivaroxaban, an oral, direct factor 

Xa inhibitor. Nature Reviews Drug Discovery 10, 61-75 (2011). 

doi.org/10.1038/nrd3185   

597. J. B. McAlpine, The ups and downs of drug discovery: The early 

history of Fidaxomicin. Journal of Antibiotics 70, 492-4 (2017). 

doi.org/10.1038/ja.2016.157   

598. S. A. Stiens, W. Luttrel, J. E. Binard, Polyethylene glycol versus 

vegetable oil based bisacodyl suppositories to initiate side-lying bowel 

care: A clinical trial in persons with spinal cord injury. Spinal Cord 36, 

777-81 (1998). doi.org/10.1038/sj.sc.3100702   

599. J. C. Whorton, The phenolphthalein follies: Purgation and the 

pleasure principle in the early twentieth century. Pharmacy in History 

35, 3-24 (1993).    

600. S. E. Gould, J. A. Low, J. C. Marsters, Jr., K. Robarge, L. L. 

Rubin, F. J. de Sauvage, D. P. Sutherlin, H. Wong, R. L. Yauch, 

Discovery and preclinical development of vismodegib. Expert Opinion 

on Drug Discovery 9, 969-84 (2014). 

doi.org/10.1517/17460441.2014.920816   

601. H. Jamil, D. A. Gordon, D. C. Eustice, C. M. Brooks, J. K. 

Dickson, Jr., Y. Chen, B. Ricci, C. H. Chu, T. W. Harrity, C. P. Ciosek, 

Jr., S. A. Biller, R. E. Gregg, J. R. Wetterau, An inhibitor of the 

microsomal triglyceride transfer protein inhibits apoB secretion from 

HepG2 cells. Proceedings of the National Academy of Sciences of the 

United States of America 93, 11991-5 (1996). 

doi.org/10.1073/pnas.93.21.11991  ncbi.nlm.nih.gov/pmc/PMC38171 

602. R. G. Powell, D. Weisleder, C. R. Smith, I. A. Wolff, Structure of 

cephalotaxine and related alkaloids. Tetrahedron Letters 10, 4081-4 

(1969). doi.org/10.1016/s0040-4039(01)88620-2   

603. R. O'Reilly, H. E. Elphick, Development, clinical utility, and 

place of ivacaftor in the treatment of cystic fibrosis. "Drug Design, 

Development and Therapy" 7, 929-37 (2013). 

doi.org/10.2147/DDDT.S30345  ncbi.nlm.nih.gov/pmc/PMC3770629 

604. P. J. Hornby, Drug discovery approaches to irritable bowel 

syndrome. Expert Opinion on Drug Discovery 10, 809-24 (2015). 

doi.org/10.1517/17460441.2015.1049528   

605. M. G. Currie, K. F. Fok, J. Kato, R. J. Moore, F. K. Hamra, K. L. 

Duffin, C. E. Smith, Guanylin: An endogenous activator of intestinal 

guanylate cyclase. Proceedings of the National Academy of Sciences 

of the United States of America 89, 947-51 (1992). 

doi.org/10.1073/pnas.89.3.947   

606. R. B. Sack, Human diarrheal disease caused by enterotoxigenic 

Escherichia coli. Annual Review of Microbiology 29, 333-53 (1975). 

doi.org/10.1146/annurev.mi.29.100175.002001   

607. E. Sacco, R. Bientinesi, D. Tienforti, M. Racioppi, G. Gulino, D. 

D'Agostino, M. Vittori, P. Bassi, Discovery history and clinical 

development of mirabegron for the treatment of overactive bladder and 

urinary incontinence. Expert Opinion on Drug Discovery 9, 433-48 

(2014). doi.org/10.1517/17460441.2014.892923   

608. T. Maruyama, K. Onda, M. Hayakawa, T. Suzuki, T. Kimizuka, 

T. Matsui, T. Takasu, I. Nagase, N. Hamada, M. Ohta, Synthesis and 

evaluation of novel phenylethanolamine derivatives containing 

acetanilides as potent and selective beta3-adrenergic receptor agonists. 

Chemical and Pharmaceutical Bulletin 58, 533-45 (2010). 

doi.org/10.1248/cpb.58.533   

609. M. A. Rogawski, T. Hanada, Preclinical pharmacology of 

perampanel, a selective non-competitive AMPA receptor antagonist. 

Acta Neurologica Scandinavica. Supplementum 127, 19-24 (2013). 

doi.org/10.1111/ane.12100  ncbi.nlm.nih.gov/pmc/PMC4506647 

610. A. Matteelli, A. C. Carvalho, K. E. Dooley, A. Kritski, TMC207: 

The first compound of a new class of potent anti-tuberculosis drugs. 

Future Microbiology 5, 849-58 (2010). doi.org/10.2217/fmb.10.50  

ncbi.nlm.nih.gov/pmc/PMC2921705 

611. C. E. Barry, 3rd, Unorthodox approach to the development of a 

new antituberculosis therapy. New England Journal of Medicine 360, 

2466-7 (2009). doi.org/10.1056/NEJMe0903012  

ncbi.nlm.nih.gov/pmc/PMC2787472 

612. P. S. Changelian, M. E. Flanagan, D. J. Ball, C. R. Kent, K. S. 

Magnuson et al., Prevention of organ allograft rejection by a specific 

Janus kinase 3 inhibitor. Science 302, 875-8 (2003). 

doi.org/10.1126/science.1087061   

613. S. M. Ogbourne, P. G. Parsons, The value of nature's natural 

product library for the discovery of new chemical entities: The 

discovery of ingenol mebutate. Fitoterapia 98, 36-44 (2014). 

doi.org/10.1016/j.fitote.2014.07.002   

614. L. A. Honigberg, A. M. Smith, M. Sirisawad, E. Verner, D. Loury, 

B. Chang, S. Li, Z. Pan, D. H. Thamm, R. A. Miller, J. J. Buggy, The 

Bruton tyrosine kinase inhibitor PCI-32765 blocks B-cell activation 

and is efficacious in models of autoimmune disease and B-cell 

malignancy. Proceedings of the National Academy of Sciences of the 

United States of America 107, 13075-80 (2010). 

doi.org/10.1073/pnas.1004594107  

ncbi.nlm.nih.gov/pmc/PMC2919935 

615. R. A. Linker, A. Haghikia, Dimethyl fumarate in multiple 

sclerosis: Latest developments, evidence and place in therapy. 

Therapeutic Advances in Chronic Disease 7, 198-207 (2016). 

doi.org/10.1177/2040622316653307  

ncbi.nlm.nih.gov/pmc/PMC4935836 

616. B. Bang-Andersen, C. K. Olsen, C. Sanchéz, "The discovery of 

the antidepressant vortioxetine and the research that uncovered Its 

potential to treat the cognitive dysfunction associated with depression" 

in Successful Drug Discovery, J. Fischer, W. E. Childers, Eds.,  (Wiley, 

2016), vol. 2, chap. 9, pp. 189-214. 

doi.org/10.1002/9783527800315.ch9 

https://doi.org/10.1002/9783527677252.ch04
https://doi.org/10.1007/BF00174752
https://doi.org/10.1038/nrd3185
https://doi.org/10.1038/ja.2016.157
https://doi.org/10.1038/sj.sc.3100702
https://doi.org/10.1517/17460441.2014.920816
https://doi.org/10.1073/pnas.93.21.11991
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC38171
https://doi.org/10.1016/s0040-4039(01)88620-2
https://doi.org/10.2147/DDDT.S30345
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3770629
https://doi.org/10.1517/17460441.2015.1049528
https://doi.org/10.1073/pnas.89.3.947
https://doi.org/10.1146/annurev.mi.29.100175.002001
https://doi.org/10.1517/17460441.2014.892923
https://doi.org/10.1248/cpb.58.533
https://doi.org/10.1111/ane.12100
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4506647
https://doi.org/10.2217/fmb.10.50
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2921705
https://doi.org/10.1056/NEJMe0903012
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2787472
https://doi.org/10.1126/science.1087061
https://doi.org/10.1016/j.fitote.2014.07.002
https://doi.org/10.1073/pnas.1004594107
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2919935
https://doi.org/10.1177/2040622316653307
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4935836
https://doi.org/10.1002/9783527800315.ch9


402 

 

617. G. J. Roth, R. Binder, F. Colbatzky, C. Dallinger, R. Schlenker-

Herceg, F. Hilberg, L. Wollin, J. Park, A. Pautsch, R. Kaiser, 

"Discovery and development of nintedanib: A novel antiangiogenic 

and antifibrotic agent" in Successful Drug Discovery, J. Fischer, W. E. 

Childers, Eds.,  (Wiley, 2016), vol. 2, pp. 235-66. 

doi.org/10.1002/9783527800315.ch11 

618. T. R. Rheault, J. C. Stellwagen, G. M. Adjabeng, K. R. 

Hornberger, K. G. Petrov, A. G. Waterson, S. H. Dickerson, R. A. 

Mook, Jr., S. G. Laquerre, A. J. King, O. W. Rossanese, M. R. Arnone, 

K. N. Smitheman, L. S. Kane-Carson, C. Han, G. S. Moorthy, K. G. 

Moss, D. E. Uehling, Discovery of dabrafenib: A selective inhibitor of 

Raf kinases with antitumor activity against B-Raf-driven tumors. ACS 

Medicinal Chemistry Letters 4, 358-62 (2013). 

doi.org/10.1021/ml4000063  ncbi.nlm.nih.gov/pmc/PMC4027516 

619. J. C. Stellwagen, G. M. Adjabeng, M. R. Arnone, S. H. Dickerson, 

C. Han, K. R. Hornberger, A. J. King, R. A. Mook, Jr., K. G. Petrov, 

T. R. Rheault, C. M. Rominger, O. W. Rossanese, K. N. Smitheman, 

A. G. Waterson, D. E. Uehling, Development of potent B-RafV600E 

inhibitors containing an arylsulfonamide headgroup. Bioorganic and 

Medicinal Chemistry Letters 21, 4436-40 (2011). 

doi.org/10.1016/j.bmcl.2011.06.021   

620. M. Clozel, Endothelin research and the discovery of macitentan 

for the treatment of pulmonary arterial hypertension. American 

Journal of Physiology Regulatory Integrative and Comparative 

Physiology 311, R721-R6 (2016). 

doi.org/10.1152/ajpregu.00475.2015   

621. J. Mittendorf, S. Weigand, C. Alonso-Alija, E. Bischoff, A. 

Feurer, M. Gerisch, A. Kern, A. Knorr, D. Lang, K. Muenter, M. 

Radtke, H. Schirok, K. H. Schlemmer, E. Stahl, A. Straub, F. Wunder, 

J. P. Stasch, Discovery of riociguat (BAY 63-2521): A potent, oral 

stimulator of soluble guanylate cyclase for the treatment of pulmonary 

hypertension. ChemMedChem 4, 853-65 (2009). 

doi.org/10.1002/cmdc.200900014   

622. F. N. Ko, C. C. Wu, S. C. Kuo, F. Y. Lee, C. M. Teng, YC-1, a 

novel activator of platelet guanylate cyclase. Blood 84, 4226-33 

(1994). doi.org/10.1182/blood.V84.12.4226.bloodjournal84124226   

623. H. Abe, S. Kikuchi, K. Hayakawa, T. Iida, N. Nagahashi et al., 

Discovery of a highly potent and selective MEK inhibitor: 

GSK1120212 (JTP-74057 DMSO solvate). ACS Medicinal Chemistry 

Letters 2, 320-4 (2011). doi.org/10.1021/ml200004g  

ncbi.nlm.nih.gov/pmc/PMC4018163 

624. T. Yamaguchi, T. Yoshida, R. Kurachi, J. Kakegawa, Y. Hori, T. 

Nanayama, K. Hayakawa, H. Abe, K. Takagi, Y. Matsuzaki, M. 

Koyama, S. Yogosawa, Y. Sowa, T. Yamori, N. Tajima, T. Sakai, 

Identification of JTP-70902, a p15(INK4b)-inductive compound, as a 

novel MEK1/2 inhibitor. Cancer Science 98, 1809-16 (2007). 

doi.org/10.1111/j.1349-7006.2007.00604.x   

625. S. Girish, G. D. Lewis Phillips, F. S. Jacobson, J. R. Junutula, E. 

Guardino, "Antibody-drug conjugates: Design and development of 

trastuzumab emtansine (T-DM1)" in Successful Drug Discovery, J. 

Fischer, D. P. Rotella, Eds.,  (Wiley, 2015), vol. 1, chap. 11, pp. 213-

30. doi.org/10.1002/9783527678433.ch11 

626. S. M. Kupchan, Y. Komoda, W. A. Court, G. J. Thomas, R. M. 

Smith, A. Karim, C. J. Gilmore, R. C. Haltiwanger, R. F. Bryan, 

Maytansine, a novel antileukemic ansa macrolide from Maytenus 

ovatus. Journal of the American Chemical Society 94, 1354-6 (1972). 

doi.org/10.1021/ja00759a054   

627. H. W. Man, P. Schafer, L. M. Wong, R. T. Patterson, L. G. Corral, 

H. Raymon, K. Blease, J. Leisten, M. A. Shirley, Y. Tang, D. M. 

Babusis, R. Chen, D. Stirling, G. W. Muller, Discovery of (S)-N-[2-

[1-(3-ethoxy-4-methoxyphenyl)-2-methanesulfonylethyl]-1,3-dioxo-

2,3-dihy dro-1H-isoindol-4-yl] acetamide (apremilast), a potent and 

orally active phosphodiesterase 4 and tumor necrosis factor-alpha 

inhibitor. Journal of Medicinal Chemistry 52, 1522-4 (2009). 

doi.org/10.1021/jm900210d   

628. G. W. Muller, L. G. Corral, M. G. Shire, H. Wang, A. Moreira, 

G. Kaplan, D. I. Stirling, Structural modifications of thalidomide 

produce analogs with enhanced tumor necrosis factor inhibitory 

activity. Journal of Medicinal Chemistry 39, 3238-40 (1996). 

doi.org/10.1021/jm9603328   

629. S. Chackalamannil, Y. Wang, W. J. Greenlee, Z. Hu, Y. Xia, H. 

S. Ahn, G. Boykow, Y. Hsieh, J. Palamanda, J. Agans-Fantuzzi, S. 

Kurowski, M. Graziano, M. Chintala, Discovery of a novel, orally 

active himbacine-based thrombin receptor antagonist (SCH 530348) 

with potent antiplatelet activity. Journal of Medicinal Chemistry 51, 

3061-4 (2008). doi.org/10.1021/jm800180e   

630. S. Chackalamannil, Y. Xia, W. J. Greenlee, M. Clasby, D. Doller, 

H. Tsai, T. Asberom, M. Czarniecki, H. S. Ahn, G. Boykow, C. Foster, 

J. Agans-Fantuzzi, M. Bryant, J. Lau, M. Chintala, Discovery of potent 

orally active thrombin receptor (protease activated receptor 1) 

antagonists as novel antithrombotic agents. Journal of Medicinal 

Chemistry 48, 5884-7 (2005). doi.org/10.1021/jm0502236   

631. S. L. Croft, J. Engel, Miltefosine--discovery of the 

antileishmanial activity of phospholipid derivatives. Transactions of 

the Royal Society of Tropical Medicine & Hygiene 100 Suppl 1, S4-8 

(2006). doi.org/10.1016/j.trstmh.2006.03.009   

632. S. L. Croft, R. A. Neal, W. Pendergast, J. H. Chan, The activity 

of alkyl phosphorylcholines and related derivatives against 

Leishmania donovani. Biochemical Pharmacology 36, 2633-6 (1987). 

doi.org/10.1016/0006-2952(87)90543-0   

633. B. J. Lannutti, S. A. Meadows, S. E. Herman, A. Kashishian, B. 

Steiner, A. J. Johnson, J. C. Byrd, J. W. Tyner, M. M. Loriaux, M. 

Deininger, B. J. Druker, K. D. Puri, R. G. Ulrich, N. A. Giese, CAL-

101, a p110delta selective phosphatidylinositol-3-kinase inhibitor for 

the treatment of B-cell malignancies, inhibits PI3K signaling and 

cellular viability. Blood 117, 591-4 (2011). doi.org/10.1182/blood-

2010-03-275305  ncbi.nlm.nih.gov/pmc/PMC3694505 

634. C. D. Cox, M. J. Breslin, D. B. Whitman, J. D. Schreier, G. B. 

McGaughey et al., Discovery of the dual orexin receptor antagonist 

[(7R)-4-(5-chloro-1,3-benzoxazol-2-yl)-7-methyl-1,4-diazepan-1-

yl][5-methyl-2-(2H -1,2,3-triazol-2-yl)phenyl]methanone (MK-4305) 

for the treatment of insomnia. Journal of Medicinal Chemistry 53, 

5320-32 (2010). doi.org/10.1021/jm100541c   

635. D. B. Whitman, C. D. Cox, M. J. Breslin, K. M. Brashear, J. D. 

Schreier et al., Discovery of a potent, CNS-penetrant orexin receptor 

antagonist based on an n,n-disubstituted-1,4-diazepane scaffold that 

promotes sleep in rats. ChemMedChem 4, 1069-74 (2009). 

doi.org/10.1002/cmdc.200900069   

636. P. W. Finn, M. Bandara, C. Butcher, A. Finn, R. Hollinshead, N. 

Khan, N. Law, S. Murthy, R. Romero, C. Watkins, V. Andrianov, R. 

M. Bokaldere, K. Dikovska, V. Gailite, E. Loza, I. Piskunova, I. 

Starchenkov, M. Vorona, I. Kalvinsh, Novel sulfonamide derivatives 

as inhibitors of histone deacetylase. Helvetica Chimica Acta 88, 1630-

57 (2005). doi.org/10.1002/hlca.200590129   

https://doi.org/10.1002/9783527800315.ch11
https://doi.org/10.1021/ml4000063
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4027516
https://doi.org/10.1016/j.bmcl.2011.06.021
https://doi.org/10.1152/ajpregu.00475.2015
https://doi.org/10.1002/cmdc.200900014
https://doi.org/10.1182/blood.V84.12.4226.bloodjournal84124226
https://doi.org/10.1021/ml200004g
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4018163
https://doi.org/10.1111/j.1349-7006.2007.00604.x
https://doi.org/10.1002/9783527678433.ch11
https://doi.org/10.1021/ja00759a054
https://doi.org/10.1021/jm900210d
https://doi.org/10.1021/jm9603328
https://doi.org/10.1021/jm800180e
https://doi.org/10.1021/jm0502236
https://doi.org/10.1016/j.trstmh.2006.03.009
https://doi.org/10.1016/0006-2952(87)90543-0
https://doi.org/10.1182/blood-2010-03-275305
https://doi.org/10.1182/blood-2010-03-275305
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3694505
https://doi.org/10.1021/jm100541c
https://doi.org/10.1002/cmdc.200900069
https://doi.org/10.1002/hlca.200590129


403 

 

637. M. Yoshida, M. Kijima, M. Akita, T. Beppu, Potent and specific 

inhibition of mammalian histone deacetylase both in vivo and in vitro 

by trichostatin A. Journal of Biological Chemistry 265, 17174-9 

(1990). doi.org/10.1016/S0021-9258(17)44885-X   

638. N. Tsuji, M. Kobayashi, K. Nagashima, Y. Wakisaka, K. 

Koizumi, A new antifungal antibiotic, trichostatin. Journal of 

Antibiotics 29, 1-6 (1976). doi.org/10.7164/antibiotics.29.1   

639. R. Wagner, D. A. DeGoey, J. T. Randolph, A. C. Krueger, M. A. 

Matulenko, W. M. Kati, "HCV NS5A as an antiviral therapeutic target: 

From validation to the discovery and development of ombitasvir and 

pibrentasvir as components of IFN-sparing HCV curative treatments" 

in HCV: The Journey from Discovery to a Cure, M. J. Sofia, Ed, in 

series: Topics in Medicinal Chemistry.  (Springer, 2019),  chap. 50, pp. 

133-56. doi.org/10.1007/7355_2018_50 

640. O. Hilberg, U. Simonsen, R. du Bois, E. Bendstrup, Pirfenidone: 

Significant treatment effects in idiopathic pulmonary fibrosis. Clinical 

Respiratory Journal 6, 131-43 (2012). doi.org/10.1111/j.1752-

699X.2012.00302.x   

641. S. M. Gadekar, 5-methyl-1-phenyl-2-(1h)-pyridone compositions 

and methods of use, US3974281A (1976), (1974/12/09) 

642. J. O. Link, J. G. Taylor, L. Xu, M. Mitchell, H. Guo et al., 

Discovery of ledipasvir (GS-5885): A potent, once-daily oral NS5A 

inhibitor for the treatment of hepatitis C virus infection. Journal of 

Medicinal Chemistry 57, 2033-46 (2014). doi.org/10.1021/jm401499g   

643. J. O. Link, "The discovery of ledipasvir (GS-5885): The potent 

once-daily oral HCV NS5A inhibitor in the single-tablet regimen 

Harvoni®" in HCV: The Journey from Discovery to a Cure, M. J. 

Sofia, Ed, in series: Topics in Medicinal Chemistry.  (Springer, 2019),  

chap. 66, pp. 57-80. doi.org/10.1007/7355_2019_66 

644. A. Tsuruoka, Y. Funahashi, J. Matsui, T. Matsushima, 

"Development of lenvatinib mesylate, an angiogenesis inhibitor 

targeting VEGF and FGF receptors" in Successful Drug Discovery, J. 

Fischer, C. Klein, W. E. Childers, Eds.,  (Wiley, 2019), vol. 4, chap. 6, 

pp. 155-68. doi.org/10.1002/9783527814695.ch6 

645. S. J. Baker, Y. K. Zhang, T. Akama, A. Lau, H. Zhou, V. 

Hernandez, W. Mao, M. R. Alley, V. Sanders, J. J. Plattner, Discovery 

of a new boron-containing antifungal agent, 5-fluoro-1,3-dihydro-1-

hydroxy-2,1- benzoxaborole (AN2690), for the potential treatment of 

onychomycosis. Journal of Medicinal Chemistry 49, 4447-50 (2006). 

doi.org/10.1021/jm0603724   

646. K. A. Menear, C. Adcock, R. Boulter, X. L. Cockcroft, L. Copsey 

et al., 4-[3-(4-cyclopropanecarbonylpiperazine-1-carbonyl)-4-

fluorobenzyl]-2H-phthalazin- 1-one: A novel bioavailable inhibitor of 

poly(ADP-ribose) polymerase-1. Journal of Medicinal Chemistry 51, 

6581-91 (2008). doi.org/10.1021/jm8001263   

647. J. A. Shayman, The design and clinical development of inhibitors 

of glycosphingolipid synthesis: Will invention be the mother of 

necessity? Transactions of the American Clinical and Climatological 

Association 124, 46-60 (2013).   ncbi.nlm.nih.gov/pmc/PMC3715929 

648. K. F. McDaniel, Y.-Y. Ku, Y. Sun, H.-J. Chen, J. Shanley, T. 

Middleton, Y. S. Or, D. Kempf, "The discovery and development of 

HCV NS3 protease inhibitor paritaprevir" in HCV: The Journey from 

Discovery to a Cure, M. J. Sofia, Ed, in series: Topics in Medicinal 

Chemistry.  (Springer, 2019),  chap. 42, pp. 389-413. 

doi.org/10.1007/7355_2018_42 

649. F. Van Goor, S. Hadida, P. D. Grootenhuis, B. Burton, J. H. Stack, 

K. S. Straley, C. J. Decker, M. Miller, J. McCartney, E. R. Olson, J. J. 

Wine, R. A. Frizzell, M. Ashlock, P. A. Negulescu, Correction of the 

F508del-CFTR protein processing defect in vitro by the investigational 

drug VX-809. Proceedings of the National Academy of Sciences of the 

United States of America 108, 18843-8 (2011). 

doi.org/10.1073/pnas.1105787108  

ncbi.nlm.nih.gov/pmc/PMC3219147 

650. P. L. Toogood, P. J. Harvey, J. T. Repine, D. J. Sheehan, S. N. 

VanderWel, H. Zhou, P. R. Keller, D. J. McNamara, D. Sherry, T. Zhu, 

J. Brodfuehrer, C. Choi, M. R. Barvian, D. W. Fry, Discovery of a 

potent and selective inhibitor of cyclin-dependent kinase 4/6. Journal 

of Medicinal Chemistry 48, 2388-406 (2005). 

doi.org/10.1021/jm049354h   

651. G. M. Ksander, R. D. Ghai, R. deJesus, C. G. Diefenbacher, A. 

Yuan, C. Berry, Y. Sakane, A. Trapani, Dicarboxylic acid dipeptide 

neutral endopeptidase inhibitors. Journal of Medicinal Chemistry 38, 

1689-700 (1995). doi.org/10.1021/jm00010a014   

652. J. P. Vilaine, The discovery of the selective I(f) current inhibitor 

ivabradine. A new therapeutic approach to ischemic heart disease. 

Pharmacological Research 53, 424-34 (2006). 

doi.org/10.1016/j.phrs.2006.03.016   

653. K. L. Rinehart, T. G. Holt, N. L. Fregeau, J. G. Stroh, P. A. Keifer, 

F. Sun, L. H. Li, D. G. Martin, Ecteinascidins 729, 743, 745, 759A, 

759B, and 770: Potent antitumor agents from the Caribbean tunicate 

Ecteinascidia turbinata. The Journal of Organic Chemistry 55, 4512-5 

(2002). doi.org/10.1021/jo00302a007   

654. K. L. Rinehart, Antitumor compounds from tunicates. Medicinal 

Research Reviews 20, 1-27 (2000). doi.org/10.1002/(sici)1098-

1128(200001)20:1<1::aid-med1>3.0.co;2-a   

655. T. Akama, S. J. Baker, Y. K. Zhang, V. Hernandez, H. Zhou, V. 

Sanders, Y. Freund, R. Kimura, K. R. Maples, J. J. Plattner, Discovery 

and structure-activity study of a novel benzoxaborole anti-

inflammatory agent (AN2728) for the potential topical treatment of 

psoriasis and atopic dermatitis. Bioorganic and Medicinal Chemistry 

Letters 19, 2129-32 (2009). doi.org/10.1016/j.bmcl.2009.03.007   

656. S. J. Baker, T. Akama, Y. K. Zhang, V. Sauro, C. Pandit, R. Singh, 

M. Kully, J. Khan, J. J. Plattner, S. J. Benkovic, V. Lee, K. R. Maples, 

Identification of a novel boron-containing antibacterial agent 

(AN0128) with anti-inflammatory activity, for the potential treatment 

of cutaneous diseases. Bioorganic and Medicinal Chemistry Letters 

16, 5963-7 (2006). doi.org/10.1016/j.bmcl.2006.08.130   

657. E. M. Dooley, M. K. Miller, A. H. Clayton, Flibanserin: From 

bench to bedside. Sexual Medicine Reviews 5, 461-9 (2017). 

doi.org/10.1016/j.sxmr.2017.06.003   

658. K. Kinoshita, K. Asoh, N. Furuichi, T. Ito, H. Kawada, S. Hara, 

J. Ohwada, T. Miyagi, T. Kobayashi, K. Takanashi, T. Tsukaguchi, H. 

Sakamoto, T. Tsukuda, N. Oikawa, Design and synthesis of a highly 

selective, orally active and potent anaplastic lymphoma kinase 

inhibitor (CH5424802). Bioorganic and Medicinal Chemistry 20, 

1271-80 (2012). doi.org/10.1016/j.bmc.2011.12.021   

659. T. Asaki, K. Kuwano, K. Morrison, J. Gatfield, T. Hamamoto, M. 

Clozel, Selexipag: An oral and selective IP prostacyclin receptor 

agonist for the treatment of pulmonary arterial hypertension. Journal 

of Medicinal Chemistry 58, 7128-37 (2015). 

doi.org/10.1021/acs.jmedchem.5b00698   

https://doi.org/10.1016/S0021-9258(17)44885-X
https://doi.org/10.7164/antibiotics.29.1
https://doi.org/10.1007/7355_2018_50
https://doi.org/10.1111/j.1752-699X.2012.00302.x
https://doi.org/10.1111/j.1752-699X.2012.00302.x
https://doi.org/10.1021/jm401499g
https://doi.org/10.1007/7355_2019_66
https://doi.org/10.1002/9783527814695.ch6
https://doi.org/10.1021/jm0603724
https://doi.org/10.1021/jm8001263
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3715929
https://doi.org/10.1007/7355_2018_42
https://doi.org/10.1073/pnas.1105787108
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3219147
https://doi.org/10.1021/jm049354h
https://doi.org/10.1021/jm00010a014
https://doi.org/10.1016/j.phrs.2006.03.016
https://doi.org/10.1021/jo00302a007
https://doi.org/10.1002/(sici)1098-1128(200001)20:1%3c1::aid-med1%3e3.0.co;2-a
https://doi.org/10.1002/(sici)1098-1128(200001)20:1%3c1::aid-med1%3e3.0.co;2-a
https://doi.org/10.1016/j.bmcl.2009.03.007
https://doi.org/10.1016/j.bmcl.2006.08.130
https://doi.org/10.1016/j.sxmr.2017.06.003
https://doi.org/10.1016/j.bmc.2011.12.021
https://doi.org/10.1021/acs.jmedchem.5b00698


404 

 

660. K. D. Setchell, P. Bragetti, L. Zimmer-Nechemias, C. Daugherty, 

M. A. Pelli, R. Vaccaro, G. Gentili, E. Distrutti, G. Dozzini, A. Morelli, 

et al., Oral bile acid treatment and the patient with Zellweger 

syndrome. Hepatology 15, 198-207 (1992). 

doi.org/10.1002/hep.1840150206   

661. H. Ichimiya, H. Nazer, T. Gunasekaran, P. Clayton, J. Sjövall, 

Treatment of chronic liver disease caused by 3 beta-hydroxy-delta 5-

C27-steroid dehydrogenase deficiency with chenodeoxycholic acid. 

Archives of Disease in Childhood 65, 1121-4 (1990). 

doi.org/10.1136/adc.65.10.1121  ncbi.nlm.nih.gov/pmc/PMC1792360 

662. F. G. Schaap, M. Trauner, P. L. Jansen, Bile acid receptors as 

targets for drug development. Nature Reviews Gastroenterology & 

Hepatology 11, 55-67 (2014). doi.org/10.1038/nrgastro.2013.151   

663. F. Najib, Fresh ox-bile percutaneously administered as a natural 

and a specific therapeutic agent in rheumatic and other affections. Acta 

Medica Scandinavica. Supplementum 312, 596-608 (1956). 

doi.org/10.1111/j.0954-6820.1956.tb17060.x   

664. W. O. Nelson, C. G. Merckel, Effects of androgenic substances 

in the female rat. Proceedings of the Society for Experimental Biology 

and Medicine 36, 823-5 (1937). doi.org/10.3181/00379727-36-9412P   

665. F. C. Koch, The male sex hormones. Physiological Reviews 17, 

153-238 (1937). doi.org/10.1152/physrev.1937.17.2.153   

666. C. Coburn, "Discovery of elbasvir" in HCV: The Journey from 

Discovery to a Cure, M. J. Sofia, Ed, in series: Topics in Medicinal 

Chemistry.  (Springer, 2019),  chap. 44, pp. 111-31. 

doi.org/10.1007/7355_2018_44 

667. C. P. Semba, T. R. Gadek, Development of lifitegrast: A novel T-

cell inhibitor for the treatment of dry eye disease. Clinical 

Ophthalmology 10, 1083-94 (2016). doi.org/10.2147/OPTH.S110557  

ncbi.nlm.nih.gov/pmc/PMC4910612 

668. P. G. Richardson, E. Carreras, M. Iacobelli, B. Nejadnik, The use 

of defibrotide in blood and marrow transplantation. Blood Advances 2, 

1495-509 (2018). doi.org/10.1182/bloodadvances.2017008375  

ncbi.nlm.nih.gov/pmc/PMC6020812 

669. W. J. Fairbrother, J. D. Leverson, D. Sampath, A. J. Souers, 

"Discovery and development of venetoclax, a selective antagonist of 

BCL‐2" in Successful Drug Discovery, J. Fischer, C. Klein, W. E. 

Childers, Eds.,  (Wiley, 2019), vol. 4, chap. 9, pp. 225-45. 

doi.org/10.1002/9783527814695.ch9 

670. M. Prinzmetal, H. A. Lewis, S. D. Leo, The etiology of 

hypertension due to complete renal ischemia. The Journal of 

experimental medicine 72, 763-76 (1940). 

doi.org/10.1084/jem.72.6.763   

671. J. R. Williams, E. B. Grossman, The recovery of an adrenalin-like 

substance from the kidney. American Journal of Physiology 123, 364-

8 (1938). doi.org/10.1152/ajplegacy.1938.123.2.364   

672. B. Friedman, D. I. Abramson, W. Marx, Pressor substance in the 

cortex of the kidney. American Journal of Physiology 124, 285-94 

(1938). doi.org/10.1152/ajplegacy.1938.124.2.285   

673. K. G. Kohlstaedt, O. M. Helmer, I. H. Page, Activation of renin 

by blood colloids. Proceedings of the Society for Experimental Biology 

and Medicine 39, 214-5 (1938). doi.org/10.3181/00379727-39-

10149P   

674. I. H. Page, O. M. Helmer, A crystalline pressor substance 

(angiotonin) resulting from the reaction between renin and renin-

activator. The Journal of experimental medicine 71, 29-42 (1940). 

doi.org/10.1084/jem.71.1.29   

675. J. C. Fasciolo, The experimental observation that led to discovery 

of angiotensin. 1939 Buenos Aires, Argentina. Hypertension 16, 194-

8 (1990). doi.org/10.1161/01.hyp.16.2.194   

676. P. Lischka, G. Hewlett, T. Wunberg, J. Baumeister, D. Paulsen, 

T. Goldner, H. Ruebsamen-Schaeff, H. Zimmermann, In vitro and in 

vivo activities of the novel anticytomegalovirus compound AIC246. 

Antimicrobial Agents & Chemotherapy 54, 1290-7 (2010). 

doi.org/10.1128/AAC.01596-09  ncbi.nlm.nih.gov/pmc/PMC2826024 

677. J. M. Sturdivant, S. M. Royalty, C. W. Lin, L. A. Moore, J. D. 

Yingling, C. L. Laethem, B. Sherman, G. R. Heintzelman, C. C. 

Kopczynski, M. A. deLong, Discovery of the ROCK inhibitor 

netarsudil for the treatment of open-angle glaucoma. Bioorganic and 

Medicinal Chemistry Letters 26, 2475-80 (2016). 

doi.org/10.1016/j.bmcl.2016.03.104   

678. S. Omura, Y. Sasaki, Y. Iwai, H. Takeshima, Staurosporine, a 

potentially important gift from a microorganism. Journal of Antibiotics 

48, 535-48 (1995). doi.org/10.7164/antibiotics.48.535   

679. K. Yen, J. Travins, F. Wang, M. D. David, E. Artin et al., AG-

221, a first-in-class therapy targeting acute myeloid leukemia 

harboring oncogenic IDH2 mutations. Cancer Discovery 7, 478-93 

(2017). doi.org/10.1158/2159-8290.CD-16-1034   

680. A. Baruch, D. Maclean, "Discovery of etelcalcetide for the 

treatment of secondary hyperparathyroidism in patients with chronic 

kidney disease" in Successful Drug Discovery, J. Fischer, C. Klein, W. 

E. Childers, Eds.,  (Wiley, 2019), vol. 4, pp. 131-53. 

doi.org/10.1002/9783527814695.ch5 

681. M. S. Rendell, The journey from gene knockout to clinical 

medicine: Telotristat and sotagliflozin. "Drug Design, Development 

and Therapy" 13, 817-24 (2019). doi.org/10.2147/DDDT.S144556  

ncbi.nlm.nih.gov/pmc/PMC6408923 

682. M. D. Lee, G. A. Ellestad, D. B. Borders, Calicheamicins: 

Discovery, structure, chemistry, and interaction with DNA. Accounts 

of Chemical Research 24, 235-43 (2002). 

doi.org/10.1021/ar00008a003   

683. D. D. Shen, R. H. Levy, J. L. Savitch, A. V. Boddy, F. Tombret, 

F. Lepage, Comparative anticonvulsant potency and pharmacokinetics 

of (+)-and (-)-enantiomers of stiripentol. Epilepsy Research 12, 29-36 

(1992). doi.org/10.1016/0920-1211(92)90088-b   

684. H. Lundh, O. Nilsson, I. Rosen, Novel drug of choice in Eaton-

Lambert syndrome. "Journal of Neurology, Neurosurgery & 

Psychiatry" 46, 684-5 (1983). doi.org/10.1136/jnnp.46.7.684  

ncbi.nlm.nih.gov/pmc/PMC1027495 

685. H. Lundh, O. Nilsson, I. Rosen, 4-aminopyridine--a new drug 

tested in the treatment of Eaton-Lambert syndrome. "Journal of 

Neurology, Neurosurgery & Psychiatry" 40, 1109-12 (1977). 

doi.org/10.1136/jnnp.40.11.1109  ncbi.nlm.nih.gov/pmc/PMC492909 

686. E. H. Lambert, Defects of neuromuscular transmission in 

syndromes other than myasthenia gravis. Ann N Y Acad Sci 135, 367-

84 (1966). doi.org/10.1111/j.1749-6632.1966.tb45484.x   

https://doi.org/10.1002/hep.1840150206
https://doi.org/10.1136/adc.65.10.1121
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1792360
https://doi.org/10.1038/nrgastro.2013.151
https://doi.org/10.1111/j.0954-6820.1956.tb17060.x
https://doi.org/10.3181/00379727-36-9412P
https://doi.org/10.1152/physrev.1937.17.2.153
https://doi.org/10.1007/7355_2018_44
https://doi.org/10.2147/OPTH.S110557
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4910612
https://doi.org/10.1182/bloodadvances.2017008375
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6020812
https://doi.org/10.1002/9783527814695.ch9
https://doi.org/10.1084/jem.72.6.763
https://doi.org/10.1152/ajplegacy.1938.123.2.364
https://doi.org/10.1152/ajplegacy.1938.124.2.285
https://doi.org/10.3181/00379727-39-10149P
https://doi.org/10.3181/00379727-39-10149P
https://doi.org/10.1084/jem.71.1.29
https://doi.org/10.1161/01.hyp.16.2.194
https://doi.org/10.1128/AAC.01596-09
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2826024
https://doi.org/10.1016/j.bmcl.2016.03.104
https://doi.org/10.7164/antibiotics.48.535
https://doi.org/10.1158/2159-8290.CD-16-1034
https://doi.org/10.1002/9783527814695.ch5
https://doi.org/10.2147/DDDT.S144556
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6408923
https://doi.org/10.1021/ar00008a003
https://doi.org/10.1016/0920-1211(92)90088-b
https://doi.org/10.1136/jnnp.46.7.684
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1027495
https://doi.org/10.1136/jnnp.40.11.1109
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC492909
https://doi.org/10.1111/j.1749-6632.1966.tb45484.x


405 

 

687. J. Zias, H. Stark, J. Sellgman, R. Levy, E. Werker, A. Breuer, R. 

Mechoulam, Early medical use of cannabis. Nature 363, 215 (1993). 

doi.org/10.1038/363215a0   

688. R. G. Pertwee, Cannabinoid pharmacology: The first 66 years. 

British Journal of Pharmacology 147 Suppl 1, S163-71 (2006). 

doi.org/10.1038/sj.bjp.0706406  ncbi.nlm.nih.gov/pmc/PMC1760722 

689. D. W. Grosenbach, R. Jordan, D. E. Hruby, Development of the 

small-molecule antiviral ST-246 as a smallpox therapeutic. Future 

Virology 6, 653-71 (2011). doi.org/10.2217/fvl.11.27  

ncbi.nlm.nih.gov/pmc/PMC3151656 

690. G. Yang, D. C. Pevear, M. H. Davies, M. S. Collett, T. Bailey et 

al., An orally bioavailable antipoxvirus compound (ST-246) inhibits 

extracellular virus formation and protects mice from lethal 

orthopoxvirus challenge. Journal of Virology 79, 13139-49 (2005). 

doi.org/10.1128/JVI.79.20.13139-13149.2005  

ncbi.nlm.nih.gov/pmc/PMC1235851 

691. T. W. Johnson, P. F. Richardson, S. Bailey, A. Brooun, B. J. 

Burke et al., Discovery of (10R)-7-amino-12-fluoro-2,10,16-

trimethyl-15-oxo-10,15,16,17-tetrahydro-2H-8,4-(m 

etheno)pyrazolo[4,3-h][2,5,11]-benzoxadiazacyclotetradecine-3-

carbonitrile (PF-06463922), a macrocyclic inhibitor of anaplastic 

lymphoma kinase (ALK) and c-ros oncogene 1 (ROS1) with 

preclinical brain exposure and broad-spectrum potency against ALK-

resistant mutations. Journal of Medicinal Chemistry 57, 4720-44 

(2014). doi.org/10.1021/jm500261q   

692. A. Argade, S. Bhamidipati, H. Li, C. Sylvain, J. Clough, D. 

Carroll, H. Keim, S. Braselmann, V. Taylor, H. Zhao, E. Herlaar, S. D. 

Issakani, B. R. Wong, E. S. Masuda, D. G. Payan, R. Singh, Design, 

synthesis of diaminopyrimidine inhibitors targeting IgE- and IgG-

mediated activation of Fc receptor signaling. Bioorganic and 

Medicinal Chemistry Letters 25, 2122-8 (2015). 

doi.org/10.1016/j.bmcl.2015.03.072   

693. C. Chen, D. Wu, Z. Guo, Q. Xie, G. J. Reinhart, A. Madan, J. 

Wen, T. Chen, C. Q. Huang, M. Chen, Y. Chen, F. C. Tucci, M. 

Rowbottom, J. Pontillo, Y. F. Zhu, W. Wade, J. Saunders, H. Bozigian, 

R. S. Struthers, Discovery of sodium R-(+)-4-{2-[5-(2-fluoro-3-

methoxyphenyl)-3-(2-fluoro-6-[trifluoromethyl]benzyl)-4 -methyl-

2,6-dioxo-3,6-dihydro-2H-pyrimidin-1-yl]-1-

phenylethylamino}butyrate (elagolix), a potent and orally available 

nonpeptide antagonist of the human gonadotropin-releasing hormone 

receptor. Journal of Medicinal Chemistry 51, 7478-85 (2008). 

doi.org/10.1021/jm8006454   

694. F. C. Tucci, Y. F. Zhu, R. S. Struthers, Z. Guo, T. D. Gross, M. 

W. Rowbottom, O. Acevedo, Y. Gao, J. Saunders, Q. Xie, G. J. 

Reinhart, X. J. Liu, N. Ling, A. K. Bonneville, T. Chen, H. Bozigian, 

C. Chen, 3-[(2R)-Amino-2-phenylethyl]-1-(2,6-difluorobenzyl)-5-(2-

fluoro-3-methoxyphenyl)- 6-methylpyrimidin-2,4-dione (NBI 42902) 

as a potent and orally active antagonist of the human gonadotropin-

releasing hormone receptor. Design, synthesis, and in vitro and in vivo 

characterization. Journal of Medicinal Chemistry 48, 1169-78 (2005). 

doi.org/10.1021/jm049218c   

695. A. P. Vartak, The preclinical discovery of lofexidine for the 

treatment of opiate addiction. Expert Opinion on Drug Discovery 9, 

1371-7 (2014). doi.org/10.1517/17460441.2014.962995   

696. M. S. Gold, D. E. Redmond, Jr., H. D. Kleber, Clonidine in opiate 

withdrawal. Lancet 1, 929-30 (1978). doi.org/10.1016/s0140-

6736(78)90699-2   

697. R. W. McCallum, C. Prakash, D. M. Campoli-Richards, K. L. 

Goa, Cisapride. A preliminary review of its pharmacodynamic and 

pharmacokinetic properties, and therapeutic use as a prokinetic agent 

in gastrointestinal motility disorders. Drugs 36, 652-81 (1988). 

doi.org/10.2165/00003495-198836060-00002   

698. R. O'Hanlon, M. L. Shaw, Baloxavir marboxil: The new influenza 

drug on the market. Current Opinion in Virology 35, 14-8 (2019). 

doi.org/10.1016/j.coviro.2019.01.006   

699. E. M. Sanchez-Fernandez, J. M. Garcia Fernandez, C. O. Mellet, 

Glycomimetic-based pharmacological chaperones for lysosomal 

storage disorders: Lessons from Gaucher, GM1-gangliosidosis and 

Fabry diseases. Chemical Communications 52, 5497-515 (2016). 

doi.org/10.1039/c6cc01564f   

700. Y. Ji, C. Husfeld, M. T. Pulido-Rios, A. McNamara, G. P. 

Obedencio, M. Baldwin, D. Bourdet, S. Hegde, M. Mammen, E. 

Moran, Duration by design: Discovery of revefenacin, the first-in-class 

nebulized once-daily bronchodilator for the treatment of patients with 

COPD. Chest 150, 970A (2016). 

doi.org/10.1016/j.chest.2016.08.1074   

701. M. E. Hadley, Discovery that a melanocortin regulates sexual 

functions in male and female humans. Peptides 26, 1687-9 (2005). 

doi.org/10.1016/j.peptides.2005.01.023   

702. J. Shimada, N. Koike, H. Nonaka, S. Shiozaki, K. Yanagawa, T. 

Kanda, H. Kobayashi, M. Ichimura, J. Nakamura, H. Kase, F. Suzuki, 

Adenosine A2A antagonists with potent anti-cataleptic activity. 

Bioorganic and Medicinal Chemistry Letters 7, 2349-52 (1997). 

doi.org/10.1016/s0960-894x(97)00440-x   

703. J. Yang, M. A. Bill, G. S. Young, K. La Perle, Y. Landesman, S. 

Shacham, M. Kauffman, W. Senapedis, T. Kashyap, J. R. Saint-

Martin, K. Kendra, G. B. Lesinski, Novel small molecule 

XPO1/CRM1 inhibitors induce nuclear accumulation of TP53, 

phosphorylated MAPK and apoptosis in human melanoma cells. PloS 

One 9, e102983 (2014). doi.org/10.1371/journal.pone.0102983  

ncbi.nlm.nih.gov/pmc/PMC4109950 

704. T. Hamamoto, S. Gunji, H. Tsuji, T. Beppu, Leptomycins A and 

B, new antifungal antibiotics. I. Taxonomy of the producing strain and 

their fermentation, purification and characterization. Journal of 

Antibiotics 36, 639-45 (1983). doi.org/10.7164/antibiotics.36.639   

705. C. K. Stover, P. Warrener, D. R. VanDevanter, D. R. Sherman, T. 

M. Arain, M. H. Langhorne, S. W. Anderson, J. A. Towell, Y. Yuan, 

D. N. McMurray, B. N. Kreiswirth, C. E. Barry, W. R. Baker, A small-

molecule nitroimidazopyran drug candidate for the treatment of 

tuberculosis. Nature 405, 962-6 (2000). doi.org/10.1038/35016103   

706. D. Moreno-Ajona, A. Pérez-Rodríguez, P. J. Goadsby, Small-

molecule CGRP receptor antagonists: A new approach to the acute and 

preventive treatment of migraine. Medicine in Drug Discovery 7, 

100053 (2020). doi.org/10.1016/j.medidd.2020.100053   

707. B. Metcalf, C. Chuang, K. Dufu, M. P. Patel, A. Silva-Garcia et 

al., Discovery of GBT440, an orally bioavailable R-state stabilizer of 

sickle cell hemoglobin. ACS Medicinal Chemistry Letters 8, 321-6 

(2017). doi.org/10.1021/acsmedchemlett.6b00491  

ncbi.nlm.nih.gov/pmc/PMC5346980 

708. M. K. Safo, O. Abdulmalik, R. Danso-Danquah, J. C. Burnett, S. 

Nokuri, G. S. Joshi, F. N. Musayev, T. Asakura, D. J. Abraham, 

Structural basis for the potent antisickling effect of a novel class of 

https://doi.org/10.1038/363215a0
https://doi.org/10.1038/sj.bjp.0706406
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1760722
https://doi.org/10.2217/fvl.11.27
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3151656
https://doi.org/10.1128/JVI.79.20.13139-13149.2005
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1235851
https://doi.org/10.1021/jm500261q
https://doi.org/10.1016/j.bmcl.2015.03.072
https://doi.org/10.1021/jm8006454
https://doi.org/10.1021/jm049218c
https://doi.org/10.1517/17460441.2014.962995
https://doi.org/10.1016/s0140-6736(78)90699-2
https://doi.org/10.1016/s0140-6736(78)90699-2
https://doi.org/10.2165/00003495-198836060-00002
https://doi.org/10.1016/j.coviro.2019.01.006
https://doi.org/10.1039/c6cc01564f
https://doi.org/10.1016/j.chest.2016.08.1074
https://doi.org/10.1016/j.peptides.2005.01.023
https://doi.org/10.1016/s0960-894x(97)00440-x
https://doi.org/10.1371/journal.pone.0102983
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4109950
https://doi.org/10.7164/antibiotics.36.639
https://doi.org/10.1038/35016103
https://doi.org/10.1016/j.medidd.2020.100053
https://doi.org/10.1021/acsmedchemlett.6b00491
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5346980


406 

 

five-membered heterocyclic aldehydic compounds. Journal of 

Medicinal Chemistry 47, 4665-76 (2004). doi.org/10.1021/jm0498001   

709. C. W. Murray, D. R. Newell, P. Angibaud, A successful 

collaboration between academia, biotech and pharma led to discovery 

of erdafitinib, a selective FGFR inhibitor recently approved by the 

FDA. MedChemComm 10, 1509-11 (2019). 

doi.org/10.1039/c9md90044f   

710. S. M. Johnson, S. Connelly, C. Fearns, E. T. Powers, J. W. Kelly, 

The transthyretin amyloidoses: From delineating the molecular 

mechanism of aggregation linked to pathology to a regulatory-agency-

approved drug. Journal of Molecular Biology 421, 185-203 (2012). 

doi.org/10.1016/j.jmb.2011.12.060  

ncbi.nlm.nih.gov/pmc/PMC3350832 

711. H. Razavi, S. K. Palaninathan, E. T. Powers, R. L. Wiseman, H. 

E. Purkey, N. N. Mohamedmohaideen, S. Deechongkit, K. P. Chiang, 

M. T. Dendle, J. C. Sacchettini, J. W. Kelly, Benzoxazoles as 

transthyretin amyloid fibril inhibitors: Synthesis, evaluation, and 

mechanism of action. Angew Chem Int Ed Engl 42, 2758-61 (2003). 

doi.org/10.1002/anie.200351179   

712. T. K. Sawyer, P. J. Sanfilippo, V. J. Hruby, M. H. Engel, C. B. 

Heward, J. B. Burnett, M. E. Hadley, 4-Norleucine, 7-D-

phenylalanine-alpha-melanocyte-stimulating hormone: a highly potent 

alpha-melanotropin with ultralong biological activity. Proceedings of 

the National Academy of Sciences of the United States of America 77, 

5754-8 (1980). doi.org/10.1073/pnas.77.10.5754  

ncbi.nlm.nih.gov/pmc/PMC350149 

713. M. E. Hadley, B. Anderson, C. B. Heward, T. K. Sawyer, V. J. 

Hruby, Calcium-dependent prolonged effects on melanophores of [4-

norleucine, 7-D-phenylalanine]-alpha-melanotropin. Science 213, 

1025-7 (1981). doi.org/10.1126/science.6973820   

714. K. H. FitzGerald, T. Belke, Progesterone to prevent postnatal 

depression. The Australian Journal of Hospital Pharmacy 30, 21-2 

(2000). doi.org/10.1002/jppr200030121   

715. J. C. Schwartz, The histamine H3 receptor: From discovery to 

clinical trials with pitolisant. British Journal of Pharmacology 163, 

713-21 (2011). doi.org/10.1111/j.1476-5381.2011.01286.x  

ncbi.nlm.nih.gov/pmc/PMC3111674 

716. C. Robin Ganellin, J.-C. Schwartz, H. Stark, "Discovery of 

pitolisant, the first marketed histamine H3-receptor inverse 

agonist/antagonist for treating narcolepsy*" in Successful Drug 

Discovery, J. Fischer, C. Klein, W. E. Childers, Eds.,  (Wiley, 2018), 

vol. 3, pp. 359-81. doi.org/10.1002/9783527808694.ch13 

717. R. Novak, Are pleuromutilin antibiotics finally fit for human use? 

Ann N Y Acad Sci 1241, 71-81 (2011). doi.org/10.1111/j.1749-

6632.2011.06219.x   

718. Y. M. Choi, C.-G. Kim, H.-J. Yi, Y.-S. Kang, H.-S. Lee, 

Neurotherapeutic azole compounds, US7598279B2 (2009), 

WO2006112685A1 (2006) 

719. K. A. Walker, M. B. Wallach, D. R. Hirschfeld, 1-

(Naphthylalkyl)-1H-imidazole derivatives, a new class of 

anticonvulsant agents. Journal of Medicinal Chemistry 24, 67-74 

(1981). doi.org/10.1021/jm00133a015   

720. D. Nardi, A. Tajana, A. Leonardi, R. Pennini, F. Portioli, M. J. 

Magistretti, A. Subissi, Synthesis and anticonvulsant activity of N-

(benzoylalkyl)imidazoles and N-(omega-phenyl-omega-

hydroxyalkyl)imidazoles. Journal of Medicinal Chemistry 24, 727-31 

(1981). doi.org/10.1021/jm00138a017   

721. B. Benner, L. Good, D. Quiroga, T. E. Schultz, M. Kassem, W. 

E. Carson, M. A. Cherian, S. Sardesai, R. Wesolowski, Pexidartinib, a 

novel small molecule CSF-1R inhibitor in use for tenosynovial giant 

cell tumor: A systematic review of pre-clinical and clinical 

development. "Drug Design, Development and Therapy" 14, 1693-704 

(2020). doi.org/10.2147/DDDT.S253232  

ncbi.nlm.nih.gov/pmc/PMC7210448 

722. G. R. Pettit, "The dolastatins" in Fortschritte der Chemie 

organischer Naturstoffe Progress in the Chemistry of Organic Natural 

Products, A. Cavé, D. Cortes, B. Figadère, A. Laurens, G. R. Pettit, 

W. Herz, G. W. Kirby, R. E. Moore, W. Steglich, C. Tamm, Eds.,  

(Springer, 1997), pp. 1-79. doi.org/10.1007/978-3-7091-6551-5_1 

723. V. Subbiah, J. F. Gainor, R. Rahal, J. D. Brubaker, J. L. Kim et 

al., Precision targeted therapy with BLU-667 for RET-driven cancers. 

Cancer Discovery 8, 836-49 (2018). doi.org/10.1158/2159-8290.CD-

18-0338   

724. S. I. Martinez-Monteagudo, K. Rathnakumar, M. Enteshari, C. 

Nyuydze, J. C. Osorio-Arias, H. Ranaweera, "Hundred years of 

lactitol: From hydrogenation to food ingredient" in Lactose and 

Lactose Derivatives, N. Gutiérrez-Méndez, Ed,  (IntechOpen, 2020),  

chap. 4. doi.org/10.5772/intechopen.93365 

725. R. T. Eastman, J. S. Roth, K. R. Brimacombe, A. Simeonov, M. 

Shen, S. Patnaik, M. D. Hall, Remdesivir: A review of its discovery 

and development leading to emergency use authorization for treatment 

of COVID-19. ACS Central Science 6, 672-83 (2020). 

doi.org/10.1021/acscentsci.0c00489   

726. C. T. Cramer, B. Goetz, K. L. Hopson, G. J. Fici, R. M. 

Ackermann, S. C. Brown, C. L. Bisgaier, W. G. Rajeswaran, D. C. 

Oniciu, M. E. Pape, Effects of a novel dual lipid synthesis inhibitor 

and its potential utility in treating dyslipidemia and metabolic 

syndrome. Journal of Lipid Research 45, 1289-301 (2004). 

doi.org/10.1194/jlr.M400018-JLR200   

727. R. A. Parker, T. Kariya, J. M. Grisar, V. Petrow, 5-

(Tetradecyloxy)-2-furancarboxylic acid and related hypolipidemic 

fatty acid-like alkyloxyarylcarboxylic acids. Journal of Medicinal 

Chemistry 20, 781-91 (1977). doi.org/10.1021/jm00216a009   

728. T. Wang, Y. Ueda, Z. Zhang, Z. Yin, J. Matiskella, B. C. Pearce, 

Z. Yang, M. Zheng, D. D. Parker, G. A. Yamanaka, Y. F. Gong, H. T. 

Ho, R. J. Colonno, D. R. Langley, P. F. Lin, N. A. Meanwell, J. F. 

Kadow, Discovery of the human immunodeficiency virus type 1 (HIV-

1) attachment inhibitor temsavir and its phosphonooxymethyl prodrug 

fostemsavir. Journal of Medicinal Chemistry 61, 6308-27 (2018). 

doi.org/10.1021/acs.jmedchem.8b00759   

729. H. Ratni, M. Ebeling, J. Baird, S. Bendels, J. Bylund et al., 

Discovery of risdiplam, a selective survival of motor neuron-2 (SMN2) 

gene splicing modifier for the treatment of spinal muscular atrophy 

(SMA). Journal of Medicinal Chemistry 61, 6501-17 (2018). 

doi.org/10.1021/acs.jmedchem.8b00741   

730. H. Ratni, G. M. Karp, M. Weetall, N. A. Naryshkin, S. V. 

Paushkin et al., Specific correction of alternative survival motor 

neuron 2 splicing by small molecules: Discovery of a potential novel 

medicine to treat spinal muscular atrophy. Journal of Medicinal 

Chemistry 59, 6086-100 (2016). 

doi.org/10.1021/acs.jmedchem.6b00459   

https://doi.org/10.1021/jm0498001
https://doi.org/10.1039/c9md90044f
https://doi.org/10.1016/j.jmb.2011.12.060
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3350832
https://doi.org/10.1002/anie.200351179
https://doi.org/10.1073/pnas.77.10.5754
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC350149
https://doi.org/10.1126/science.6973820
https://doi.org/10.1002/jppr200030121
https://doi.org/10.1111/j.1476-5381.2011.01286.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3111674
https://doi.org/10.1002/9783527808694.ch13
https://doi.org/10.1111/j.1749-6632.2011.06219.x
https://doi.org/10.1111/j.1749-6632.2011.06219.x
https://doi.org/10.1021/jm00133a015
https://doi.org/10.1021/jm00138a017
https://doi.org/10.2147/DDDT.S253232
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7210448
https://doi.org/10.1007/978-3-7091-6551-5_1
https://doi.org/10.1158/2159-8290.CD-18-0338
https://doi.org/10.1158/2159-8290.CD-18-0338
https://doi.org/10.5772/intechopen.93365
https://doi.org/10.1021/acscentsci.0c00489
https://doi.org/10.1194/jlr.M400018-JLR200
https://doi.org/10.1021/jm00216a009
https://doi.org/10.1021/acs.jmedchem.8b00759
https://doi.org/10.1021/acs.jmedchem.8b00741
https://doi.org/10.1021/acs.jmedchem.6b00459


407 

 

731. G. Celasco, L. Moro, R. Bozzella, P. Ferraboschi, L. Bartorelli, 

C. Quattrocchi, F. Nicoletti, Biological profile of cortexolone 17alpha-

propionate (CB-03-01), a new topical and peripherally selective 

androgen antagonist. Arzneimittel-Forschung 54, 881-6 (2004). 

doi.org/10.1055/s-0031-1297043   

732. P. C. C. Liu, H. Koblish, L. Wu, K. Bowman, S. Diamond et al., 

INCB054828 (pemigatinib), a potent and selective inhibitor of 

fibroblast growth factor receptors 1, 2, and 3, displays activity against 

genetically defined tumor models. PloS One 15, e0231877 (2020). 

doi.org/10.1371/journal.pone.0231877  

ncbi.nlm.nih.gov/pmc/PMC7313537 

733. V. M. Bowles, K. S. Yoon, S. C. Barker, C. Tran, C. Rhodes, M. 

J. Clark, Ovicidal efficacy of abametapir against eggs of human head 

and body lice (Anoplura: Pediculidae). Journal of Medical 

Entomology 54, 167-72 (2017). doi.org/10.1093/jme/tjw132  

ncbi.nlm.nih.gov/pmc/PMC5853637 

734. M. B. Van Hiel, B. Breugelmans, C. N. Pagel, A. K. Williams, A. 

K. Varan, R. Burke, V. M. Bowles, P. Batterham, The ovicidal, 

larvacidal and adulticidal properties of 5,5'-dimethyl-2,2'-bipyridyl 

against Drosophila melanogaster. PloS One 7, e49961 (2012). 

doi.org/10.1371/journal.pone.0049961  

ncbi.nlm.nih.gov/pmc/PMC3502172 

735. H. Shimizu, N. S. Shargill, G. A. Bray, T. T. Yen, P. D. 

Gesellchen, Effects of MSH on food intake, body weight and coat color 

of the yellow obese mouse. Life Sciences 45, 543-52 (1989). 

doi.org/10.1016/0024-3205(89)90105-7   

736. W. H. Kawaguchi, L. B. Cerqueira, M. M. Fachi, M. L. Campos, 

I. J. M. Reason, R. Pontarolo, "Efficacy and safety of chagas disease 

drug therapy and treatment perspectives" in Chagas Disease - Basic 

Investigations and Challenges, V. Nissapatorn, H. S. Oz, Eds.,  

(IntechOpen, 2018),  chap. 8. doi.org/10.5772/intechopen.74845 

737. M. Anbalagan, L. Carrier, S. Glodowski, D. Hangauer, B. Shan, 

B. G. Rowan, KX-01, a novel Src kinase inhibitor directed toward the 

peptide substrate site, synergizes with tamoxifen in estrogen receptor 

alpha positive breast cancer. Breast Cancer Research and Treatment 

132, 391-409 (2012). doi.org/10.1007/s10549-011-1513-3   

738. A. Reshef, M. Kidon, I. Leibovich, The story of angioedema: 

From Quincke to bradykinin. Clinical Reviews in Allergy and 

Immunology 51, 121-39 (2016). doi.org/10.1007/s12016-016-8553-8   

739. M. Cornpropst, P. Collis, J. Collier, Y. S. Babu, R. Wilson, J. 

Zhang, L. Fang, J. Zong, W. P. Sheridan, Safety, pharmacokinetics, 

and pharmacodynamics of avoralstat, an oral plasma kallikrein 

inhibitor: Phase 1 study. Allergy 71, 1676-83 (2016). 

doi.org/10.1111/all.12930   

740. J. Zhang, R. Krishnan, C. S. Arnold, E. Mattsson, J. M. Kilpatrick, 

S. Bantia, A. Dehghani, B. Boudreaux, S. N. Gupta, P. L. Kotian, P. 

Chand, Y. S. Babu, Discovery of highly potent small molecule 

kallikrein inhibitors. Medicinal Chemistry 2, 545-53 (2006). 

doi.org/10.2174/1573406410602060545   

741. K. W. Kuntz, J. E. Campbell, H. Keilhack, R. M. Pollock, S. K. 

Knutson, M. Porter-Scott, V. M. Richon, C. J. Sneeringer, T. J. Wigle, 

C. J. Allain, C. R. Majer, M. P. Moyer, R. A. Copeland, R. Chesworth, 

The importance of being me: Magic methyls, methyltransferase 

inhibitors, and the discovery of tazemetostat. Journal of Medicinal 

Chemistry 59, 1556-64 (2016). 

doi.org/10.1021/acs.jmedchem.5b01501   

742. S. K. Knutson, S. Kawano, Y. Minoshima, N. M. Warholic, K. C. 

Huang et al., Selective inhibition of EZH2 by EPZ-6438 leads to potent 

antitumor activity in EZH2-mutant non-Hodgkin lymphoma. 

Molecular Cancer Therapeutics 13, 842-54 (2014). 

doi.org/10.1158/1535-7163.MCT-13-0773   

743. F. G. Njoroge, A. G. Taveras, J. Kelly, S. Remiszewski, A. K. 

Mallams et al., (+)-4-[2-[4-(8-Chloro-3,10-dibromo-6,11-dihydro-5H-

benzo[5, 6]cyclohepta[1,2-b]- pyridin-11(R)-yl)-1-piperidinyl]-2-oxo-

ethyl]-1-piperidinecarboxamid e (SCH-66336): A very potent farnesyl 

protein transferase inhibitor as a novel antitumor agent. Journal of 

Medicinal Chemistry 41, 4890-902 (1998). 

doi.org/10.1021/jm980462b   

744. A. Hausler, G. Monnet, C. Borer, A. S. Bhatnagar, Evidence that 

corticosterone is not an obligatory intermediate in aldosterone 

biosynthesis in the rat adrenal. Journal of Steroid Biochemistry 34, 

567-70 (1989). doi.org/10.1016/0022-4731(89)90147-7   

 

https://doi.org/10.1055/s-0031-1297043
https://doi.org/10.1371/journal.pone.0231877
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7313537
https://doi.org/10.1093/jme/tjw132
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5853637
https://doi.org/10.1371/journal.pone.0049961
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3502172
https://doi.org/10.1016/0024-3205(89)90105-7
https://doi.org/10.5772/intechopen.74845
https://doi.org/10.1007/s10549-011-1513-3
https://doi.org/10.1007/s12016-016-8553-8
https://doi.org/10.1111/all.12930
https://doi.org/10.2174/1573406410602060545
https://doi.org/10.1021/acs.jmedchem.5b01501
https://doi.org/10.1158/1535-7163.MCT-13-0773
https://doi.org/10.1021/jm980462b
https://doi.org/10.1016/0022-4731(89)90147-7

