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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 N>O 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
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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 Maiz. 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(/).”

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

Frosch’ (The effects of apomorphine in mam-
mals and frogs) in the ‘Archiv fiir 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 befaf3t,
um die damals verwendeten, toxisch nicht
unbedenklichen Mittel Phenacetin und Acet-
anilid zu ersetzen. Der von ihm dargestellte
p-Aminobenzoesdureethylester zeigte zwar
keine fiebersenkende, wohl aber eine loka-
lanésthetische Wirkung. R. iiberlie die neue
Substanz der Firma Hoechst, wo sie unter der
Bezeichnung ‘Anaesthesin’ gefiihrt(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
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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 [...]
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ASPIRIN SALICYLIC ACID

In the mid-1890s, Eichengriin, 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,
Eichengriin 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.’

Eichengriin (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. Eichengriin knew he could ap-
peal to their shared boss, Duisberg, but
Eichengriin 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.
Eichengriin 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.

Eichengriin 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



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 Eichengriin’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 Eichengriin 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(/0).”

SCOPOLAMINE

1899

Historically used(/1/)
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’(/2).”

From the discovery paper of Oliver and
Schifer cited in the previous quotation:

“Pellacani, both alone and in conjunction
with Foa, 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
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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.



(f) Effect on the Skeletal Muscles.
(g) Effect on Secretory Glands(/3).”
POVIDONE-IODINE
1921

“lodine 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(/4).”

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(/5).”

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(76)”

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-
CH30CsH3(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-
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HOCsH4CH=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 Wohler)
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(/7).”

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.
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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. (/8)”

“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’(/9).”

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(/).”

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
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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-
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CODEINE ANHYDROUS

MORPHINE

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
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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 Vigenére (1596).

Justus von Liebig and Friedrich Wohler 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:

“Gegentiiber den Lobpreisungen, welche der
Salicylsdure von allen Seiten zu Theil
werden, gehort fast einiger Muth dazu, mit
Beobachtungen hervorzutreten, welche die
Werthschitzung der Salicylsdnre 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
moglichst zuginglich zu machen. Ich bin bei
der Priifung der Salicylsdure ganz
vorurtheilsfrei zu Werke gegangen: ichhabe
die Versuche zu néachst nur angestellt, um mir
ein eigenes Urtheil zu bilden. Die Benzo-
ésdure wurde nur als die nichstliegende
Saure aus der Gruppe der aromatischen Sub-
stanzen zum Vergleich mi der Salicylsdure
herangezogen. Bei Beginn der Versuche lag
fiir mich keinerlei Veranlassung vor, an der
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vorziiglichen Wirkung der Salicylsdure zu
zweifeln— ich hatte also auch kei neswegs die
Absicht, ein neues Antisepticum zu suchen
oder der Salicylsdure Concurrenz zu machen,;
und wenn ich —wie sich weiterhin ergeben
wird - doch in die Lage gekommen bin, die
Benzoésdure 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 gehorenden Korper (die
Sulfosduren etc. ausgenommen), sofern sie
nur die ndthigen physikalischen Eigen schaf-
ten besitzen, mehr oder weniger antiseptisch.
Ich bemerke noch, dass sich die folgenden
Angaben  ausschliesslich auf faulige
Zersetzung eiweissartiger Korper beziehen.
Die Versuche sind hochst einfach in der
Weise angestellt, dass gehacktes Fleisch mit
Wasser resp. den betreffenden Losungen —
meistens 400 Cc. - libergossen und anfangs
im Briitofen bei 25 bis 30 Gr. C., spiter bei
gewoOhnlicher Temperatur unter zeitweisem
Ersatz des verdampfenden Wasser sich selbst
iiberlassen wurde. [...]

Geachtet wurde auf die trilbbe oder klare
Beschaffenheit, Reaction, Faulnissgeruch,
Auftreten von Schimmel und Bacterien. |[...]

Die Benzoésdure besitzt weit stirkere antisep
tische Eigenschaften wie die Salicylsdure.
Wenn man frisches Fleisch, feingehackt oder
in grosseren Stiicken, in concentrirter
wisseriger Benzoésdurelosung aufbewahrt,
so tritt ein Faulniss nach meinen Beobach-
tungen, die sich jetzt au iliber 3 Monate
erstrecken, liberhaupt nicht ein. Die Fli-
ssigkeit bleibt vollkommen klar und bewahrt
den Geruch nach Benzoésédure(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
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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(/)
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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(/).”

NITRIC OXIDE

1921

NITROGLYCERIN

1921

Analogue of isoamyl nitrite(27)

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).”
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The cited paper of Brunton was published in
1867(25).

SULFATE ION

1921
HYDROXOCOBALAMIN
1921

Vitamin Bi2a
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
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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(/).”

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).”

13

ICODEXTRIN
1921

“a colloid osmotic agent, derived from malto-
dextrin, used in form of an aqueous solution
for peritoneal dialysis”

ATROPINE

1921

Historically used(/7)
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(/).”

MENTHOL
1921
Historically used(29)

UININE
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
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the serendipitous development of phenothia-
zine antipsychotic drugs in the mid-20™ 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
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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(/).”

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

15

PENTOBARBITAL CALCIUM
1921

Analogue of barbital
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PENTOBARBITAL CALCIUM 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 Schéfer
has been quoted. They report there some ef-
fects of the pituitary gland extract(35).

“It was in 1895 that Oliver and Schéfer 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-
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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
oyvE, toyxoxE, 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
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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(3§).”

VASOPRESSIN
1928

“The neurohypophysial hormone arginine
vasopressin (Avp) was originally detected by
Oliver and Schéfer (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
Schifer 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
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Historically used(40)
BUTALBITAL

1929

Analogue of pentobarbital
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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(4/).”

“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



https://drugs.ncats.io/drug/XBP604F6UM
https://drugs.ncats.io/drug/GN83C131XS
https://drugs.ncats.io/drug/KHS0AZ4JVK
https://drugs.ncats.io/drug/L6JW2TJG99
https://drugs.ncats.io/drug/3982TWQ96G

Global Similarity:
0.821

Local Similarity:

0 /

/ o N 0,982

\ )k - n/ ;
v = S A 1000
| | -
& 0,995
0,520
0,936

1.000

NEOSTIGMINE PHYSOSTIGMINE

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. Fiihner’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
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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
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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
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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



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
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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(27)
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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
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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
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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, [ have employed as little
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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



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 | 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
(50Q). The current was interrupted 80 times
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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
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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(57).”

METHYLTESTOSTERONE
1938

Analogue of testosterone(27)
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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-bliitermuskel.

Pekelharing hat bekanntlich nachzuweisen
gesucht, dafl das Kreatin Kennzeichen und
MaBB des  Muskeltonus  sei.  Die
Aufrechterhaltung einer einmal erreichten
Verkiirzung, die Rigiditdt und Starre (wie sie
uns beim Sadugetier insbesondere nach En-
thirnung entgegentritt) sind nach seiner An-
sicht Aktionsformen des Muskels, die mit
einer Entbindung von Kreatin einhergehen,
wihrend die dutch diskontinuierliche Im-
pulse unterhaltene tetaniseche Dauer-
kontraktion, selbst zum heftigsten Krampfe
gesteigert, davon nichts erkennen 14B3t. Wie
man auch zu dieser Lehre stehen mag, die
gerade neuerdings manchen Widerspruch
erfahren hat und sicherlich noch nicht
geniligend gefestigt ist, ihren heuristischen
Wert wird man anerkennen miissen. Sie hat
die Aufmerksamkeit von neuem auf die
Guanidine gelenkt, nahe Verwandte des
Kreatins, aber nicht harmlos wie diese,
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sondern stark wirksame korpereigene Phar-
maca.

Pekelharing sieht im Kreatin lediglich das
Produkt eines der tonischen Muskelaktion ei-
gentiimlichen Stoffwechselprozesses. Frank,
Stern und Nothmann) haben die Vermutung
ausgesprochen, dal3 das indifferente Kreatin
der leicht nachweisbare Indicator der Entste-
hung physiologisch wirksamer Substanzen
sei, welche vielleicht bereits vor dem
tonischen Phidnomen da sind und zu seinem
Ursachenkomplex gehoren, vielleieht aber
auch erst wihrend des tonischen Vorganges
gebildet werden, dann abet diesen fordern
und unterhalten.

Diese im Muskel entstehenden aktiven
Korper konnten die Guanidine sein, insbe-
sondere das Dimethylguanidin, welches sich
vom Kreatin, der Methylguanidinessigséure,
nut durch das Fehlen einer CO2-Gruppe un-
terscheidet, und demnach aus diesem durch
Decarboxylierung entstehen konnte, wie
etwa die bekannten biogenen Amine Tyramin
und Histamin aus der zugehdrigen Ami-
nosiure. Die Annahme, daf} die Guanidine an
der Entstehung tonischer Muskelaktion be-
teiligt seien, stiitzt sich zunichst auf eine
allgemeine Erwédgung: die Guanidine verset-
zen den Kaltbliitermuskel in faszikulédre
Zuckungen und vermdgen beim Sduger
hochgradige galvanisehe Ubererregbarkeit zu
erzeugen sowie die  Curareldhmung
aufzuheben). Substanzen, die eine oder
mehrere dieser Eigenschaften besitzen (Phy-
sostigmin, Cholin, Nikotin), pflegen auch
tonische Vorginge (trdge Zusammen-
ziehungen, Rigiditét, Starre) hervorzurufen.
Ein in Guanidinlosung befindlicher Frosch-
muskel verrdt denn auch, wie schon Fiihner)
bemerkt hat, Neigung zur Contractur, und die
Guanidinkrdte trigt nach Frank und Stern)
thren Rumpf auf langgestreckten Extremi-
titen steif wie auf Stelzen weiter.

Im folgenden suchen wir unsere Vermutung
dadurch zu verifizieren, dafl wir in Analogie



zu den in den frilheren Mitteilungen
dargestellten Nikotin-, Acetylcholin- und Ka-
liumexperimenten priifen, ob wir mit Hilfe
der Guanidine imstande sind, am motorisch
entnervten Sduger-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 Phdnomen positiv
ausfillt, Guanidin intraarteriell, eine Ver-
suchsanordnung, die sich uns beim Acetyl-
cholin besonders bewéhrt hat, so ist an der
geldhmten Zungen- hilfte keine Verédnderung
zu beobachten. [...]

So lie3 sich nachweisen, dal} eine bestimmte
Acetylcholindosis, die beim Kaninchen die
Darmtétigkeit scheinbar noch ganz unbee-
influ3t lieB3, unter der Wirkung des Guanidins
heftigste und unaufhorliche peristaltische
Bewegungen hervorrief. Es konnte ferner
gezeigt werden, dall Acetylcholin, welches
beim normalen Tiere lediglich an der recep-
tiven Substanz des Erfolgsorganes, also rein
peripher angreift, beim Guanidintiere
schwere klonischtonische Krimpfe auslosen
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
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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 Fiithner 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



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 [ 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
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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
anatural 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. [...]

[IIn 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
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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 K;
SULFACETAMIDE
1941

Analogue of sulfanilamide
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1941

Vitamin D>
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. Miiller: Pharmakologische Un-
tersuchungen iiber eine neuartige Substanz
mit andmisierender Wirkung auf den Schlei-
mauten, 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 Tropasdureesters des basischen
Alkohols Tropin setzten auch die Versuche
zu einer Synthese dhnlich gebauter
Verbindungen ein. Man verfolgte hier das
gleiche Prinzip, das bereits beim Kokain zu
so schonen Erfolgen gefiihrt hatte, indem
man sowohl den Sdureanteil wie auch den ba-
sischen Alkohol des Atropins variierte. [...]
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Es war nun interessant zu untersuchen, wie
sich hier in der Atropinreihe eine Maflnahme
auswirken wiirde, die bei den synthetischen
Lokalanéstheticis schon mit Erfolg aus-
gefiihrt worden war, nimlich die Verlegung
der basischen Gruppe aus dem alkoholischen
Anteil des Molekiils in den Saureanteii. Diese
Frage wurde durch den Aufbau und die Un-
tersuchung der Substanzen I und II entschie-
den; beide erwiesen sich als spasmolytisch
wirksam.

Fiir 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 16slich ist und neutral
reagiert. Auf der Zunge verursacht es eine
schwach bittere, nur kurz anhaltende Ges-
chmacksempfindung.

Die pharmakologische Untersuchung ergab,
dafl dem Dolantin nicht nur die gleiche kom-
plexe spasmolytische Wirkung zukommt wie
den bisher bekannten Estern basischer Alko-
hole, sondern daf} beim Dolantin auflerdem
eine in solchem Ausmalle bei synthetischen
Verbindungen bisher nicht beobachtete anal-
getische Wirkung hinzutritt. Im folgenden
seien nun mit der hier gebotenen Kiirze die
wichtigsten pharmakologischen Eigenschaf-
ten des Dolantins beschrieben.

L. Spasmolytische Wirksamkeit

a) Vaguslihmende Wirkung. Am isolierten
Darm vermag Dolantin noch in einer
Verdiinnung von 1 : 5 Millionen die Azetyl-
cholinkontraktur aufzuheben. Auch bei Ver-
suchen an dem in situ belassenen Darm 1463t
sich dieser Antagonismus gegen pharma-
kologische Vagusreize nachweisen. Verhélt-
nisméBig 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 ausgeloste profuse Speichelflull wird
durch 20 mg Dolantin pro Kilogramm subku-
tan zwar stark eingeschrinkt, aber nicht
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vollkommen aufgehoben, wéahrend Atropin
bereits in einer Dosis von 0,1 mg pro Kilo-
gramm subkutan unter den gleichen Bed-
ingungen zu einem volligen Versiegen der
Speichelsekretion fiihrt.

Ebenso ist auch der Einflu3 des Dolantins auf
die Pupillenweite relativ geringfiigig. Erst
eine 1%ige Losung fiihrt bei Eintraufelung in
das Katzenauge zu einer geringfiigigen Er-
weiterung der Pupille, wihrend Atropin
bereits in einer Verdiinnung von 1 : 100000
stark wirksam ist.

Auch am Gesamtkreislauf ist die atropinar-
tige Wirkung des Dolantins wenig
ausgesprochen. Die blutdrucksenkende Wir-
kung des Azetylcholins 14Bt sich durch
Dolantin erst bei sehr hoher Dosierung ab-
schwichen; es ist hier etwa 10 000mal
schwicher wirksam als Atropin. Ebenso wird
durch relativ grofle Dosen von Dolantin die
Pulsfrequenz nur wenig beeinfluf3t.

b) Muskuldre Wirkung. Zum Unterschied von
Atropin besitzt das Dolantin auch eine
ausgesprochen krampflosende Wirkung auf
den durch Bariumchlorid erzeugten rein
muskulidren 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 augenfilligsten in seinem Antagonismus
gegen Histamin zum Ausdruck. Am His-
taminkrampf des isolierten Darmes ist Dolan-
tin um ein Mehrfaches stirker wirksam als
Atropin oder Papaverin.

Auch der Histaminkrampf der Bronchial-
muskulatur  wird durch Dolantin in
spezifischer Weise gelost. 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 auslosen.
Dieser 146t sich durch prophylaktische
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Injektion oder gleichzeitige Inhalation von
Dolantin verhindern, wéhrend hier sowohl
Atropin wie auch Papaverin wenig wirksam
sind.

¢) Wirkung auf die Nierengefdfe. Durch Su-
prarenin und verwandte Verbindungen la6t
sich an den Nierengefdflen eine weitgeher.de
Drosselung der Durchblutung herbeifiihren,
die zu einer Verminderung der Diurese bis
zur vollstdndigen Anurie fithren kann. Dolan-
tin hebt diese Sperre der Durchblutung auf
und fiihrt die Diurese zur Norm zuriick.

II. Analgetische Wirkung

An weilen Mdusen fiihrt die subkutane In-
jektion von 1/5 der tédlichen Dosis zu einer
vollstindigen Authebung 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 flir Morphin charakteris-
tische Schwanzphdnomen: Die Tiere tragen
den Schwanz in eigentiimlich starrer Haltung
S-férmig tiber den Riicken gekriimmt.

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 aullerordentlich schreckhaft und
bosartig.

Die morphindhnlichen FEigenschaften des
Dolantins legten den Gedanken nahe, seine
Wirkung gegeniiber dem Hustenreflex zu un-
tersuchen. Der experimentell an Katzen nach
der Methode von ERNST erzeugte Husten-
reflex 148t sich durch Dolantin etwa in der
gleichen Dosierung wie durch Kodein un-
terdriicken(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



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.

L. 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
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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 1so-
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



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(/).”

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
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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/)
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HYDROCODONE
1943
Analogue of morphine(217)
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HYDROCODONE

MORPHINE

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
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Analogue of amphetamine
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METHYLHOMATROPINE 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(67).”

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
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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
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Analogue of ergotamine
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DIHYDROERGOTAMINE

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 a-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)”
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METHYLERGONOVINE
1946

Analogue of ergonovine
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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 By
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STREPTOMY CIN
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
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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 (NN di-
methyl-Ni-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
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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. gewdhlten 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, dafl diese ebenso wie das
Morphium und Dolantin ein quartires C-
Atom tragen. Das Vorhandensein eines sol-
chen quartdren 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 ndmlich, da8 wir es hier
mit zum Teil ganz ausgezeichnet analgetisch
wirkenden Substanzen zu tun haben. Und
zwar ist der morphinartige Wirkungshabitus,
gemessen an den {iblichen pharmakolog.
Testen, ein ganz dhnlieher wie der der Dolan-
tin-Gruppe. Auch die in der Morphin-Reihe
von Straub-Herrmann festgestellte Reaktion
an weillen Méusen (katatonische S-formige
Schwanzhaltung tiber dem Riicken), die
bereits bei der Dolantin-Gruppe beschriebcen
wurde, finden wir hier wieder. Gegeniiher der
stark ausgeprigten zentralanalgetischen Ei-
genschaft tritt die Bedeutung der daneben
auftretenden, am Nerven- und
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GefaBmuskelpréiparat festgestellten
spasmenlosenden 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 B> 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 sulthydryl-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
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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(77)”

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 1s a causal
prophylactic only against P. gallinaceum and
1s 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 B
PYRIDOXINE
1947
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Vitamin Be
NIACINAMIDE
1947

Vitamin B3
CYANOCOBALAMIN
1947

Vitamin B2
BIOTIN

1947

Vitamin By
BETHANECHOL
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Analogue of acetylcholine
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BETHANECHOL 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
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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
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Analogue of epinephrine
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ISOPROTERENOL EPINEPHRINE

From the discoverer(s):

“The Konzett-Rossler 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. Rossler. 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
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intestine. Its acute toxicity in mice was much
less than that of epinephrine(74).”

PYRILAMINE
1948
Analogue of diphenhydramine(27)
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PYRILAMINE

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
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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 Ziirich
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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. 1solated an alkaloid,
an indole, that they named gramine after the
Latin name of the grass family Gramineae.
They made a correct elemental analysis
(CiiH1aN?).

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 Lofgren, 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, Lofgren 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 Lofgren
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
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patients who received 10— 15 g/day in Swe-
den(77)”

PHENIRAMINE
1948
Analogue of diphenhydramine(27)
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“Polysorbate 80 is a nonionic surfactant and
emulsifier often used in foods and cosmet-
ics(7).”

CHLORPHENIRAMINE
1949
Analogue of diphenhydramine(27)
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Analogue of methamphetamine
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METHAMPHETAMINE SACCHARATE

“Propylhexedrine is a cycloalkylamine struc-
turally similar to methamphetamine, the pri-
mary difference being the salicylic
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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(817).”
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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 P-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 1(83):

v “Dilutions in million parts of water that
gave a minimal but definite relaxation of
the normal isolated rabbit jejunum.”

v' “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.”

v 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.

v" Minimal dose of test compound neces-
sary to antagonize 0.1 y/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(7).”

METHIMAZOLE
1950

Analogue of propylthiouracil
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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
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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-pyridinel)-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
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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
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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
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Analogue of morphine(21/)
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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
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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, 17a21-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 118-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
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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, ¢, 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
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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
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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



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
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PROCAINAMIDE LIDDCAINE

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
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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
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NEOMYCIN
1951

Analogue of streptomycin
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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(27)
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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
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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
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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
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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).”

Global Similarity:
0.865

Local Similarity:

| 0 O\ J/ 1000
— 0. 4 = 1.000
AT k/\r x/\,i-__ N yeed
° ' 1.000

1.000

0.949

1.000

1.000

1.000

SUCCINYLCHOLINE

ERYTHROMYCIN
1952

ACETYLCHOLINE

“The first macrolide antibiotic was isolated
from a Streptomyces strain in 1950 and was
named pikromycin due to its bitter
taste(/00).”

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 Kohlenstoft-
bzw. Stickstoff- Quelle kultiviert, wobei die
gegen Staphylococcus aureus getestete anti-
biotische Wirksamkeit der Nahrlosung nach
6-8 Tagen ihr Optimum erreichte(/00).”

Translation from Google Translate:

“To 1solate 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(/00).”

CYCLOSERINE

1952

“During the laboratory investigation of this
drug there developed a discrepancy between


https://drugs.ncats.io/drug/V83O1VOZ8L
https://drugs.ncats.io/drug/J2R869A8YF
https://drugs.ncats.io/drug/63937KV33D
https://drugs.ncats.io/drug/95IK5KI84Z

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(/07).”

LEVOLEUCOVORIN
1952

Analogue of folic acid and methotrexate(2)

See the methotrexate entry.
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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(/04).”

Bioassays reported for the series in this pa-
per(104):

v Toxicity (LD50) in Rabbit

v Spasmolysis histamine test in Guinea pig
v" Protection in vitro Schultz-Dale
v

Protection of Guinea pig against anaphy-
lactic death

Number of lethal IV histamine doses (20
mg/kg.cc in Guinea pig

(\

v Comparison of the pressor effect, respira-
tion, and blood pressure of adrenaline and
Privine, before and after the test com-
pound

v “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”

v’ “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”

v’ 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’7
v’ “antagonistic effect of different drugs to
histamine on the isolated intestine of the

guinea pig”

v “antagonistic effect of different drugs to
acetylcholine on the isolated intestine of
the guinea pig”

PROPANTHELINE
1953

Analogue of scopolamine
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METHSCOPOLAMINE
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Analogue of scopolamine
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NITROFURANTOIN
1953
Not found
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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(/05).”

BENOXINATE
1953

Analogue of pramoxine
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Not found

EDETATE CALCIUM DISODIUM
1953

Chelating agent

PRAMOXINE
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METHOTREXATE
1953

Analogue of folic acid
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METHOTREXATE 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
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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(/06).”

TETRACYCLINE
1953
Analogue of oxytetracycline(27)
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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(/).”

PROPARACAINE
1953

Analogue of pramoxine
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Analogue of phentolamine
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Analogue of morphine
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CARBINOXAMINE FUMARATE
1953
Analogue of diphenhydramine(27)
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LEVOTHYROXINE
1953

“Levothyroxine (T4) is a synthetically pre-
pared levo isomer of thyroxine, the major
hormone secreted from the thyroid gland(7).”

“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:

“MIYXEDEMA 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 myxcedema 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 myxcedema. 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 myxcedema 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 [ 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, [ have been able to carry it out in a well-
marked case of myxcedema. Such decided
improvement has resulted that the details of
the method of treatment employed and the re-
sults obtained are worth recording(/07).”

“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
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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(/09)
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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(/10-112).

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(/70)”

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(/11).”

“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 fold: (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-
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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(//2).”

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(//3).”

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
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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(//4).”

ACETAZOLAMIDE
1953
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ACETAZOLAMIDE

“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
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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(//5).”

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 B;
TETRAHYDROZOLINE
1954

Analogue of naphazoline
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NAPHAZOLINE

BUSULFAN
1954

“G.T.41 1s a dimesyloxyalkane, its formula
being CH30SO2(CH2)SO,OCHs. 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
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tumours. The inhibition is not exerted against
the malignant cells specifically, and various
normal tissues are also affected(/76).”

MECLIZINE HYDROCHLORIDE
1954

Analogue of diphenhydramine
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MECLIZINE HYDROCHLORIDE 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
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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(/19, 120).

“The use of fruits of 4. 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 4. majus. These
are, among others, such preparations as
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Meladinine; Oxsoralen; and Am-
mifurin(/20).”
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PRIMIDONE PENTOBARBITAL CALCIUM

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
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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(/21).”

CHLORPROMAZINE
1954

First synthesized as an analogue of diphenhy-
dramine
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CHLORPROMAZINE DIPHENHYDRAMINE

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(/0, 122, 123).
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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 Hopital 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,
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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
inrodents, 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 Hopital 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



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 Rhone-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.
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Among those who received samples was La-
borit, now working at the Physiology Labor-
atory of the Val-deGrace 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 28-30° 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 Rhone-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)



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 Hopital Val-de-Grace,
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,
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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(723).”
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METHYLPHENIDATE

TESTOSTERONE

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(/24).”

From the discovery paper of Panizzon:

“Nell’intento di approfondire lo studio di
queste sostanze a carattere aromatico-etero-
ciclico, si ando alla ricerca di una reazione
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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 gia di per sé molte possibilita
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 sara comuni-
cato in una prossima pubblicazione(/25).”

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(725).”

From an early paper reporting its pharmaco-
logical activities:

“Im Hinblick auf die bisher angenommene
Beschrinkung der Verkniipfung von zen-
tralerregenden und sympathicomimetischen
Eigenschaften auf einige Phenylisopropyla-
mine war es daher von besonderem Interesse,
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als bereits vor Jahren in unseren Laboratorien
bei der Untersuchung von durch Panizzon
hergestellten Piperidinessigsdureestern
Verbindungen aufgefunden wurden, die am
Tier Wirkungen hervorufen, wie sie bisher
nur vom Amphetamin oder dhnlichen 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 Motilititssteigerung, besonders
in Form von Bewegungs- und Laufdrang, und
einen FreB- oder Nagetrieb, ohne dal} sie
gleich-zeitig  bissig oder angriffslustig
werden. Abhédngig von Tier- und Verabrei-
chungsart ist diese zentralerregende Wirkung
bei 0,5-1-5 mg/kg nachweisbar, hilt mehrere
Stunden an und klingt unter Ermiidungser-
scheinungen ab. Hohere Dosen von Ritalin
bewirken ataktischen Gang sowie klonisch-
tonische Krampfe(/26).”

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
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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(/26).”
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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
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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(/27).”

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
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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
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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(/28).”

CHLOROPROCAINE
1955

Analogue of benzocaine and lidocaine
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TOLBUTAMIDE 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(/29).

“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
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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(/29).”
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CHLORGTHIAZIDE 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-
1,2,4-benzothiadiazine 1,1-dioxide) was only
about 100th that of acetazolamide; however,
chlorothiazide produced a remarkable so-
dium and chloride excretion with relatively
little bicarbonate output(/1/5).”

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
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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(/31).”
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METHOCARBAMOL MEPHENESIN

Mephenesin had been previously discovered
serendipitously(/27). 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
(IT). 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, LDso/MEDs
and LDso/EEDso, of these compounds was
greater than that of mephenesin. The
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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(/32).”

The tests were performed on mice(/32).
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“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
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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(/33).”

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(/34).”
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“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
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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).”
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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
https://drugs.ncats.io/drug/905Z5W3GKH

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(/36).”
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Analogue of naphazoline

Global Similarity:
N 0.868
3 N
Local Similarity:
NH 3 v
0.953
NH 1.000

1.000

XYLOMETAZOLINE NAPHAZOLINE

DIETHYLPROPION
1959

Analogue of amphetamine
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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-N'-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-N'-guanidino)-
hexane with hexamethylenediamine dihydro-
chloride. Attempts to determine actual chain
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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(/37).”

CARISOPRODOL
1959

Analogue of meprobamate(/38)
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OXYMORPHONE
1959
Analogue of morphine(2/)

Global Similarity:
0.953

Local Similarity:
1.000
1.000
0.955

NHH

OXYMORPHONE

MORPHINE

76

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-A0; 217-acid
oxalate), and that of the quaternary form, 2-
diethoxyphosphinylthioethyltrimethylammo-
nium iodide (217-MI; 217-methyl 1odide)
[...]

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
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effects of this drug in the human eye was be-
gun(/39).”

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-A0; 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
ACHhE 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(/40).”

FLUOROMETHOLONE
1959

Analogue of cortisone

Error in similarity calculation by FTrees
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HYDROCHLOROTHIAZIDE
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Analogue of chlorothiazide(217, 115)
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Analogue of chlorothiazide(21/)
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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(/41).”

4-HYDROXYCYCLOPHOSPHAMIDE
1959

Analogue of mechlorethamine
HO

Global Similarity:
0.712

Local Similarity

1.000
1.000
1.000
0.474

"\ AN~

HO/'i“‘O !

RN

4-HYDROXYCYCLOPHOSPHAMIDE

MEDROXYPROGESTERONE
1959
Analogue of progesterone(21/)
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Analogue of iproniazid
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ISOCARBOXAZID 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
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displayed gentle stimulation and renewed
vigor(/42).”

“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 MAOQOIs, 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(/43)”

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(7/44).”

IMIPRAMINE
1959

First synthesized as an analogue of chlor-
promazine(/0, 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
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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(/0, 143).

Local Similarity:
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IMIPRAMINE

CHLORPROMAZINE

“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 Miinsterlingen. 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,
(22355, did not reliably improve psychotic
symptoms, some of the schizophrenia
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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(/45).”

From the discoverer, Dr. Roland Kuhn, in his
article, “Artistic imagination and the discov-
ery of antidepressants”:
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“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(/46).”
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Analogue of chlorpromazine(2)
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Diagnostic



https://drugs.ncats.io/drug/S79426A41Z
https://drugs.ncats.io/drug/214IZI85K3
https://drugs.ncats.io/drug/IX6J1063HV

CARBAMAZEPINE
1959

First synthesized as an analogue of chlor-
promazine(/47)
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CHLORPROMAZINE

“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(/47).”

“The development of carbamazepine was
based on the neuroleptic drug chlorproma-
zine from Firma Rhone-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;
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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(7/48).”

CYCLOPHOSPHAMIDE
1959

Analogue of mechlorethamine

Global Similarity:

Cl\/\N/\/Cl 0.725
Cl Cl
O\A/OH \/\“4/\/ Local Similarity:

\ 1.000

\N ' 1.000

1.000

0.474

CYCLOPHOSPHAMIDE MECHLORETHAMINE
BENZPHETAMINE
1960

Analogue of amphetamine
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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

AMPHETAMINE
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antispasmodic activity. He succeeded in in-
vention of loperamide, diphenoxylate, and
fentanyl(/49).

CHLORDIAZEPOXIDE
1960

First synthesized as an analogue of chlor-
promazine
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CHLORDIAZEPOXIDE CHLORPROMAZINE

“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-
1ed the sedative, anticonvulsants and relaxant
properties of these compounds, the results

82

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(/50)”

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
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METHOHEXITAL
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Analogue of pentobarbital
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1960

Analogue of methsuximide

PENTOBARBITAL CALCIUM

See the methsuximide entry.
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“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(/52).”

“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(/53).”

MAGALDRATE ANHYDROUS
1960

Used because of its basic activity
CHLOPHEDIANOL
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Analogue of diphenhydramine
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CHLOPHEDIANOL 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(/54).”

SPIRONOLACTONE
1960

“It is a potent antimineralocorticoid which
was developed as a progestational ana-
log(155).”
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SPIRONOLACTONE

PROGESTERONE

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(/56).”

AMPICILLIN
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1960
Analogue of penicillin(27)
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1960

Analogue of chlorothiazide
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1961

Analogue of diphenhydramine(27)
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CYPROKEPTADINE HYDROCHLORIDE ANHYDROUS DIPHENHYDRAMINE

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(27)
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PHENDIMETRAZINE
1961

Analogue of amphetamine
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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(/).”

RACEPHEDRINE
1961

Synthetic racemic ephedrine
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AMITRIPTYLINE
1961

Analogue of imipramine
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PYRITHIONE
1961

Based on and synthesized from the natural
antimicrobial aspergillic acid(/57)
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PYRITHIONE ASPERGILLIC ACID

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(/58).”

FLURANDRENOLIDE
1961

Analogue of cortisone
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FLURANDRENOLIDE

CORTISONE

FLUOCINOLONE ACETONIDE
1961

Analogue of cortisone(27)

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(/59). 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(/60, 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
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was suggested that like iproniazid, it may
have some antidepressant effect. This was
tested in a clinical trial in 1959(743, 162,
163).

METYRAPONE
1961

Diagnostic
CLIOQUINOL
1961

Analogue of iodoquinol
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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(/64).”

I could not find the paper of Miihlens and
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Menk cited in the preivous quotation:
Miihlens, P., and Menk, W., Munch. Med.
Tochnschr., 1921, 68, 802.

SULFAMETHOXAZOLE
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Analogue of sulfanilamide
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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
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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-
denal ulcers, with success(/65).”

BETAMETHASONE
1961

Corticosteroid analogue(27)

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
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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(/66).”

GLYCOPYRROLATE
1961

Analogue of atropine

The tertiary amine in atropine is converted to
quaternary ammonium to reduce CNS pene-
tration
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DIPYRIDAMOLE
1961

“Here is where the discovery of antithrom-
botic properties of dipyridamole was made.

ATROPINE



https://drugs.ncats.io/drug/5V9KLZ54CY
https://drugs.ncats.io/drug/A14FB57V1D
https://drugs.ncats.io/drug/64ALC7F90C

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(/67).”

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(/69).”

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.

&9

[...]

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(/70).”

THIORIDAZINE HYDROCHLORIDE
1962

Analogue of chlorpromazine
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OXACILLIN
1962
Analogue of penicillin(27)
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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


https://drugs.ncats.io/drug/1LM0WKL73J
https://drugs.ncats.io/drug/4WCI67NK8M
https://drugs.ncats.io/drug/UH95VD7V76
https://drugs.ncats.io/drug/Z67X93HJG1
https://drugs.ncats.io/drug/U3P01618RT

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 (Il 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, EO771, 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. [...]
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With respect to in vitro anti-microbial activ-
ity, S-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(/77).”

From another related paper from the discov-
erer(s):

“Although it has been shown that the injec-
tion of N'>-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-C'* 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



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(/72).”

METAXALONE
1962

Analogue of mephenesin and methocarbamol
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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
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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(/74).”

IOTHALAMATE MEGLUMINE
1962

Contrast agent

DIAZEPAM

1963

Analogue of chlordiazepoxide
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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(/75-177).

“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 7Trichomonas

CHLORDIAZEPOXIDE
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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
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Analogue of imipramine
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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
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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(27)
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VINCRISTINE
1963
Analogue of vinblastine(/66)
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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(/79).”

I could not find the earliest paper reporting
lincomycin(/80), yet, based on the time of
discovery and the trends at that time, and a
related paper(/81), it seems that it was prob-
ably discovered based on screening the sam-
ples against various bacteria in vitro and in
vivo(179, 181).
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Analogue of naphazoline
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DACTINOMY CIN
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(/82).”

MECHLORETHAMINE

From the discovery paper:

“A comparative study of the inhibitory effect
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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(/83).”

AMINOCAPROIC ACID
1964

Analogue of the amino acid, lysine
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NALBUPHINE
1964
Analogue of morphine(217)

Global Similarity:
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NALBUPHINE

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

MORPHINE
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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(/84).”

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
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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)
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1965

CHLORDIAZEPOXIDE

Analogue of isoniazid
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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(786).”

I could not retrieve the discovery report(/87),
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
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PRILOCAINE 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(/88).”

From the cited paper regarding the used tis-
sue culture studies:
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“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(/89).”

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
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ETHYNODIOL

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 CI', 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

96

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)
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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
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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(/1/3).”

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
arise.” Adrenaline itself was isolated in 1894
by Edward Schéfer 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 role 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
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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:
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‘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



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
Fihner, 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(/93).”

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
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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(7/94).”
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PENTAZOCINE

HYDROXYUREA
1967

It was first synthesized in 1869(795). It was
observed that it inhibits the cell growth of
leukocyte(/96). This inspired the investiga-
tions of its antitumor effects(/97).

MORPHINE

“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
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reductase enzyme(/97).”
HALOPERIDOL
1967

Analogue of chlorpromazine
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HALOPERIDOL CHLORPROMAZINE

Quoting from a paper by Paul Janssen and his
colleagues which is relevant to the discovery
of haloperidol(798):

“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
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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(/98).”

Pharmacological tests(798):
(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.
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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 B-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(799).”

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(/99)”

2. “a technique for simultaneously record-
ing blood pressure and heart rate, in ana-
log form, in anesthetized animals(7/99)”

3. “anin 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(799).”

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
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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(799).”

FENTANYL

1967

R 4263 = fentanyl
Analogue of morphine(27)
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FENTANYL

MORPHINE

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.
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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
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DOXYCYCLINE
1967
Analogue of oxytetracycline(27)
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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-1-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
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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(/85).”

AZATHIOPRINE
1968

Analogue and prodrug of mercaptopurine
(purine analogue)
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DEFEROXAMINE

1968

Iron-chelating agent
LEVONORGESTREL

1968

Analogue of progesterone(21/)
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CYTARABINE

1969
Analogue of fluorouracil (Pyrimidine)(27)
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Analogue of imipramine
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DOXEPIN

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-CHj3, 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 I-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
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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(/79)
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Analogue of cytarabine (Pyrimidine)
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PENICILLAMINE
1970
Copper chelating agent
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FLURAZEPAM
1970

Analogue of chlordiazepoxide
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FLURAZEPAM

KETAMINE
1970

CHLORDIAZEPOXIDE

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
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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
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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 CI 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).
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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.
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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(2/0).”

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.
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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(2/1).”

COSYNTROPIN
1970

Diagnostic
FLUCYTOSINE
1971

Analogue of fluorouracil (Pyrimidine Ana-
logue)
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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(2/6).”

CYSTEINE
1971

Endogenous amino acid(217)
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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(2/8).”

MINOCYCLINE HYDROCHLORIDE
1971
Analogue of oxytetracycline(27)
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MEGESTROL
1971

Analogue of progesterone
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MEGESTROL

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(2/9).”

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(27)

Error in similarity calculation by FTrees
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NALOXONE

1971

Analogue of morphine(27)
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1972

Analogue of acetylcholine
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PANCURONIUM
1972

Malouetine was extracted in 1960 from
Malouetia bequaertiana and it was shown in
animal experiments that it had similar



https://drugs.ncats.io/drug/VJT6J7R4TR
https://drugs.ncats.io/drug/2W4A77YPAN
https://drugs.ncats.io/drug/36B82AMQ7N
https://drugs.ncats.io/drug/D51WO0G0L4
https://drugs.ncats.io/drug/8Y164V895Y
https://drugs.ncats.io/drug/J76UF062FS

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(2217).”

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
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CARBAMOYLCHOLINE

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.

ACETYLCHOLINE
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“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 FEV. 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 FEV| 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
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DESONIDE CORTISONE
BUPIVACAINE
1972
Analogue of lidocaine
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CEFAZOLIN
1973
Analogue of cefalexin(27)

CEFAZOLIN CEFALEXIN

TECHNETIUM TC-99M
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0.850
1.000

Global Similarity:
0813

Local Similarity:

1.000
0.951
1.000
1.000
0.436
0.932
1.000
1.000

FENFLURAMINE HYDROCHLORIDE

1973
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Analogue of amphetamine

Global Similarity:
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F VN . 0694
Ha HisN 1.000

1.000
0.928
1.000

FENFLURAMINE HYDROCHLORIDE 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
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hypertension with diazoxide plus hydrochlo-
rothiazide. He demonstrated suppression of
insulin secretion, and proposed this as the
mode of hyperglycemic action(/29).”

METAPROTERENOL
1973

Analogue of isoproterenol

OH
HO.
,k HO' N'J\
HE N Ha
H. HO
OH

Global Similarity:
1.000

Local Similarity:

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

METAPROTERENOL

METOLAZONE
1973

Analogue of chlorothiazide
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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.

CHLOROTHIAZIDE

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(27)
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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, [3-
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. Fiirth, 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)CH> . NHCHj3, 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
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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(27)
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1974

Radiopharmaceutical
DOXORUBICIN

1974

Analogue of oxytetracycline(27)
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DOXORUBICIN
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Analogue of cortisone
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HALCINONIDE

MEBENDAZOLE

CORTISONE

1974
Analogue of thiabendazole(229)
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MEBENDAZOLE THIABENDAZOLE

Discovery of thiabendazole:

“We wish to report the discovery of a new
class of anthelmintic agents possessing a
broad spectrum of activity for gastrointestinal
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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).
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MOLINDONE
1974
Analogue of chlorpromazine(234)
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MOLINDONE CHLORPROMAZINE
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 -CH>- 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
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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.
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DANTROLENE

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 [-125
1974

Contrast agent

NITROFURANTOIN
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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.
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TRETINOIN VITAMIN A

“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
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CLONAZEPAM
1975

Analogue of chlordiazepoxide

Global Similarity:
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CLONAZEPAM

CHLORDIAZEPOXIDE

LOXAPINE
1975
Analogue of chlorpromazine(234)
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CLOTRIMAZOLE
1975

Analogue of miconazole(231)
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CLOTRIMAZOLE

GLUCONIC ACID
1975

natural compound produced by simple dehy-
drogenation of glucose. It is used as excipient
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in formulations of pharmaceuticals, foods,
and other products.

TOBRAMYCIN
1975

Analogue of streptomycin
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TOBRAMYCIN

VIDARABINE
1976

STREPTOMYCIN

Analogue of mercaptopurine and cytarabine
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CALCITONIN SALMON

1975

Homologue of the endogenous calcitonin
CARBIDOPA

1975

Secondary

MERCAPTOPURINE ANHYDROUS
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OXYBUTYNIN
1975

Analogue of atropine
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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 1.1210(239).”

“Several 5(or4)-(3-alkyl-3-methyl-1-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 11(240).”

SINCALIDE
1976
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Diagnostic
NAPROXEN
1976

Analogue of ibuprofen(21/)
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FENOPROFEN
1976

Analogue of ibuprofen
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TOLMETIN
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Analogue of indomethacin
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TOLMETIN

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

INDOMETHACIN
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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(247).”

DANAZOL
1976

Analogue of progesterone
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PROGESTERONE

AMIKACIN
1976
Analogue of streptomycin(21/)
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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.
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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(7/49).

GALLIUM CATION GA-67

1976

Inorganic

HUMAN SERUM ALBUMIN I-131
1976

Radiopharmaceutical
CARMUSTINE
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Analogue of mechlorethamine
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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
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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:

“Bet der Priifung 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 ménnlichen Genitaldriisen &hnliche
Wirkungen nachgewiesen werden, zum Teil
in auffallend hohem Ausmal3(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
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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(7/99).”
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Analogue of imipramine
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“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
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relaxant properties(248).”
LORAZEPAM
1977

Analogue of chlordiazepoxide
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1977
Analogue of diphenhydramine(27)
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Chelating agent
TAMOXIFEN
1977

Analogue of clomifene.
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TAMOXIFEN

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.

123

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(2517).
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BACLOFEN GABA

From the original patent:

“Die neuen Verbindungen besitzen wertvolle
pharmakologische, insbesondere zentralhem-
mende Eigenschaften. So hemmen sie
beispielsweise bei Versuchen an Maiusen,
Katzen, Kaninchen und Hunden die Akti-
vitdt 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
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Diagnostic
DIFLORASONE
1977

Analogue of cortisone
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CLOCORTOLONE
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Analogue of cortisone
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1977

Analogue of cortisone
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METOPROLOL
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Analogue of propranolol(253)
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SULINDAC
1978
Analogue of indomethacin(27)
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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 TM10 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

CEFALEXIN
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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 pg./ml.) but shows no activity
against bacteria(255).”

DIFENOXIN HYDROCHLORIDE
1978

Analogue of diphenoxylate
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1978
Analogue of cefalexin(27)
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DOBUTAMINE
1978

Analogue of isoprenaline
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DOBUTAMINE ISOPROTERENOL

“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,
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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. [...]

Fliickiger 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. Fliickiger 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
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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).”

Global Similarity:
0.806

Local Similarity:
1.000
1.000
1.000
1.000
0.930
0.348
1.000

1.000
1.000
1.000
0.932
0.993

VERAPAMIL

BUTORPHANOL
1978
Analogue of morphine(217)
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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-
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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(2617).”

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
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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(27)
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DESMOPRESSIN

1978

Analogue of the endogenous vasopressin(/)
TRIMIPRAMINE

1979

Analogue of imipramine
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DAUNORUBICIN DOXORUBICIN

First observations of the antitumor activity of
daunorubicin was in mice and rats with
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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
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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. [...]

[TThe 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. [...]

[[]t was possible to synthesize several
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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 Fralpha(7)

See the dinoprostone entry.
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NADOLOL
1979

Analogue of propranolol
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0.836

Local Similarity:

1.000
0.940
1.000
1.000
0.441
0.999
1.000
1.000
1.000
1.000

NADOLOL

AMCINONIDE
1979

Analogue of cortisone

PROPRANOLOL

Error in similarity calculation by FTrees
METYROSINE
1979
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Analogue of the natural amino acid, tyrosine
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METYROSINE 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 (a-
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 o-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
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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 lyer,
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 1. 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



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 a-
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 a-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, o-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 a-methyl-tyrosine effect; the con-
version of tyrosine-C'# to norepinephrine was
inhibited whereas that from dopa-H?* was not;
and there was a normal uptake of exogenous
norepinephrine by heart and spleen in ani-
mals pretreated with a-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
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MAPROTILINE
1980

Analogue of imipramine
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CALCIFEDIOL
1980

A biologically active vitamin D3 metabo-
lite(7)
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CALCIFEDIOL ANHYDROUS VITAMIN D3

TRIFLURIDINE
1980

Analogue of cytarabine
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TRIFLURIDINE CYTARABINE

“It is a nucleoside analogue, a modified form
of deoxyuridine, similar enough to be incor-
porated into viral DNA replication(/).”

MECLOFENAMIC ACID
1980

Analogue of mefenamic acid
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ESTRAMUSTINE
1981

Analogue of nitrogen mustard
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ESTRAMUSTINE MECHLORETHAMINE

“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(/).”

SUCRALFATE
1981

Acts as a physical barrier.
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KETOCONAZOLE
1981

Analogue of miconazole(21)
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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
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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
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SALBUTAMOL 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 B-adrenoceptive
receptors (B-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 -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-¢-bu-
tylamino-1-(4-hydroxy-3-hydroxymethyl)

phenylethanol (Salbutamol, AH 3365) was
chosen for detailed study because it seems to
have a very selective action on bronchial
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muscle. Some of the pharmacological results
are given in this paper(276).”

The reported assays(276):

v' 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

v Comparison of the effects of salbutamol,
isoprenaline and orciprenaline on Acetyl-
choline-induced bronchospasm, and heart
rate in conscious guinea-pigs

v Comparison of the effects of salbutamol,
isoprenaline and orciprenaline on acetyl-
choline-induced bronchospasm, and heart
rate in conscious guinea-pigs

v’ 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)
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GEMFIBROZIL
1981
Analogue of clofibrate(27)
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GEMFIBROZIL CLOFIBRIC ACID

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
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lowered plasma cholesterol and more impres-
sively plasma triglycerides(278).”

ATENOLOL
1981
Analogue of propranolol(253)
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CEFOTAXIME
1981
Analogue of cefalexin(27)
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PIPERACILLIN
1981
Analogue of penicillin(27)
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CAPTOPRIL

1981

“From viper’s venom to drug design:
treating hypertension |[...]
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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
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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(287).”

ALPROSTADIL
1981

Same as the endogenous prostaglandin
Ei(217). See the dinoprostone entry.
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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 al. Saline-loaded, adrenalecto-
mized Holtzmann rats weighing 130 + 3 g.
were injected subcutaneously with 12 y 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
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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 arise 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 y/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
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ALPRAZOLAM
1981

Analogue of chlordiazepoxide
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TEMAZEPAM
1981
Analogue of chlordiazepoxide(27)
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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

137

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
(GSSQG) 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(7).”

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

138

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
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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 [ 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
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growth of connective tissue(286).”
TRIAZOLAM
1982

Analogue of chlordiazepoxide(21/)
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Analogue of propranolol(27)
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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 Gonnert in 1977 at
the Research Centre Wuppertal using the
schistosoma/mouse model(287).”

PROPRANOLOL
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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(2/)

Naturally-occurring endogenous retinoid(/)

“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
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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
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DIFLUNISAL
1982

ACYCLOVIR

Analogue of salicylic acid
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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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Analogue of corticosteroid
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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
11, 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
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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).”
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STREPTOZOCIN 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
CsHi5sN307 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
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1982
Radiopharmaceutical
PIROXICAM

1982

During the previous studies aimed at finding
antiinflammatory compounds, some beta-
diketones such as phenylbutazone had shown
antiinflammatory activity(8§9).

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 [-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 B-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 14a-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 1, specifically type IlIb, in a effort to
further delineate the structure-activity corre-
lations governing this class of com-
pounds(298).”

RANITIDINE
1983
Analogue of cimetidine(27)
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BUMETANIDE
1983
Analogue of furosemide(27)

CIMETIDINE

Global Similarity:
0.873

Local Similarity:

o= N,
' ~N 0724
O 1.000
Y 1,000
0 W @ 1.000
& 0978
BUMETANIDE FUROSEMIDE
INDAPAMIDE
1983

Analogue of chlorthalidone

Gwwat suma iy,

0.835

Local Similarity:

0.752
1.000
1.000
0.940

INDAPAMIDE CHLOROTHIAZIDE

143

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(/).

“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 9-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

144

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 uM, 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 uM) 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



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 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* 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°° 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
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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
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ACETOHYDROXAMIC ACID
1983

Analogue of the endogenous compound, urea
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ACETOHYDROXAMIC ACID 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(7).”

CEFUROXIME
1983
Analogue of cefalexin(27)
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CEFUROXIME CEFALEXIN

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. [...]
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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
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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-1210, 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 B-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 aecrogenes
NCTC 418 (ATCC 15380) which owes its
penicillin resistance to the production of -
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
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the absence of any B-lactamase inhibitor, bac-
terial growth occurred as a result of the inac-
tivation of the penicillin by the B-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.

Global Similarity:
0.748

Local Similarity:
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SUFENTANIL

NALTREXONE
1984
Analogue of morphine(27)

MORPHINE

Global Similarity:
0.931

Local Similarity:
1.000
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0.951

NALTREXONE

MORPHINE

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(/29). See the tolbutamide entry.
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Analogue of glyburide(27)
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CEFTRIAXONE
1984
Analogue of cefalexin(27)
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CEFTRIAXONE

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

CEFALEXIN
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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(3717).”

From two earliest reports of the discovering
team(3/17):

“The cardiotonic activity of a new, noncate-
chol, nonglycoside agent, amrinone, was in-
vestigated in vitro and in anesthestized and
unanesthetized dogs(372).”

“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 atrial 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(373).”

PIMOZIDE
1984

Analogue of chlorpromazine
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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
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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 Jancs6 and von Jancsé
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 7. 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 7. b. gambi-
ense sleeping sickness. Pentamidine is also
used in the treatment of leishmaniasis
and Pneumocystis Jjirovecii pneumonia,
mostly in AIDS patients(374).”

From the discoverer(s):

“In the first place a series of homologues of
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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(375).”

“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).”



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)
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ACEBUTOLOL

LABETALOL
1984

Analogue of propranolol
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LABETALOL

“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 a- and B-adre-
noceptor blocking properties (Farmer et al.,
1972)(318)”

The following quotations in this entry are
from a few papers of the discoverer(s):

PROPRANOLOL

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
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5158, 5- salicylamide, a drug which differs
from currently available adrenoceptor block-
ing drugs in blocking both a- and B-adreno-
ceptors. AH 5158 is related chemically to the
previously reported B-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 B-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 1/10th 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 B-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
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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-HT; antagonists. The first canna-
binoid agonist, nabilone (Cesamet), which is
a synthetic analogue of A°>-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
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1985

An active ingredient of cannabis
See the nabilone entry.
MIDAZOLAM

1985

Analogue of chlordiazepoxide(21/)
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1985

Analogue of cefalexin

Global Similarity:
0.806

Local Similarity:

1.000
0.951
1.000
0.942
0.662
0.887
1.000

B
PR YO
e S

CEFOTETAN CEFALEXIN

CEFTAZIDIME
1985
Analogue of cefalexin(27)
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TRIENTINE
1985
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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™! (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-a- (2,5-dimethoxy-
phenyl) -B-aminopropanol] has been re-
garded pharmacologically as a pure a-adren-
ergic stimulant. Interest having been
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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 ‘B-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 -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
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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.
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AMIODARONE

KHELLIN

“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 1s 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 1is 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
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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-
1ik(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

RIBAVIRIN
1985
From the discovery paper(337):

“The first synthetic broad-spectrum, nonin-
terferon-inducing, antiviral agent 1-B-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-B-D-arabinofuranosylcytosine have
been used with limited success against herpes
virus infection in man. One of the more po-
tentially clinically useful agents, 9-p-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-B-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
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antiviral activity. These considerations led us
to concentrate on the synthesis of a substan-
tial number of B-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
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Analogue of miconazole
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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
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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(/).”

QUAZEPAM
1985

Analogue of chlordiazepoxide(21/)
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IMIPENEM
1985

“Thienamycin, a B-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 (MKO0787), 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 [3-
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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 PB-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-
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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(27)
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ENALAPRILAT
1985
Analogue of captopril(27)
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LEUPROLIDE
1985

Analogue of the endogenous Gonadotropin
Releasing Hormone (GnRH)(27)

Discovery of GnRH:

PROPRANOLOL
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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.
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LEUPROLIDE GONADORELIN

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
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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-leucyl®, desglycyl-NH',
prolyl-ethylamide®’)go nadoliberin, has been
shown to be 50 to 80 times as potent as the
natural hormone in causing ovulation in the



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-Leu®
,des-Gly-NH:!° Pro-ethylamide’]-gonadotro-
pin-releasing hormone (GnRH) (A-43818)
(I) 1s 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
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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):
e Immature Animals

v Delay of Vaginal Opening and Inhibi-
tion of Normal Cycling

v" Ovarian and Uterine Effects
v' Effect on Serum LH and FSH Levels
v’ Effect on Body Weight

e Mature Animals

v' Effects on Cycle and Reproductive Or-
gans

v’ 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
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toxicity against Houseflies (Musca domestica
L.), Mustard beetles (Phaedon cochleariae
Fab.), and Drosophila melanogaster(341-
345).
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AZTREONAM
1986

From the monobactams’
per(346, 347):

“In the long history of screening for antibiot-
ics, fungi and actinomycetes have been the
only producers of B-lactam antibiotics alt-
hough several phytopathogenic bacteria have
been reported to produce toxins with a 3-lac-
tam structure. We report here the first evi-
dence that novel monocyclic B-Iactam antibi-
otics, sulfazecin and isosulfazecin, are pro-
duced by new species of Pseudomonas.
Screening for [-lactam antibiotics was

discovery pa-
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carried out using a selective and sensitive
method involving Pseudomonas aeruginosa
PsC* and Escherichia coli PG8 (lacking
chromosomal f-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 IIT and IV(349).”
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0 0
N\

H H
L
{?R ’ N\S/\\/\QH
O% D¢=\O
6}
o

Global Similarity:
0.857

Local Similarity:

1.000
0.743
0.999

SULBACTAM CLAVULANIC ACID

FLURBIPROFEN
1986
Analogue of ibuprofen(27)
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Analogue of the endogenous prostaglandin
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MISOPROSTOL PROSTAGLANDIN E1

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
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activity of PGE; 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
PGE; 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 PGE;, 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-
1ds, 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
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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(357).”

FAMOTIDINE
1986
Analogue of cimetidine(27)
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METHACHOLINE CHLORIDE
1986

Diagnostic

SOMATROPIN

1986

Recombinant human growth hormone (soma-
totropin)(2)
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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(27)
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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 EDs¢ 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 0o-OCH3 derivatized phenyl-
piperazine, 12, was the most potent analog of
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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).”
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Analogue of propranolol(253)
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Analogue of ibuprofen(27)
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Global Similarity:
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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.
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\ Global Similarity:
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Local Similarity:
0.999
0.678
0.785

ALFENTANIL

MORPHINE

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 vitae or guaiacum wood of com-
merce is derived from Guaiacum officinale
Linn., and G. sanctum Linn., family Zygo-
phyllace, 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
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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
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CIPROFLOXACIN
1987

Analogue of nalidixic acid
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CIPROFLOXACIN NALIDIXIC ACID

BECLOMETHASONE
1987
Analogue of cortisone(27)

Error in similarity calculation by FTrees
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TERCONAZOLE
1987

Analogue of miconazole
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1987

Analogue of ribavirin
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ZIDOVUDINE 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
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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
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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, thinovirus B, yellow fe-
ver virus, measles virus, coronavirus, and bo-
vine rotavirus. Zidovudine was also inactive
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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 Il 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



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(2/)
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AMLODIPINE
1987
Analogue of nifedipine(27)
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AMLODIPINE NIFEDIPINE
MOMETASONE
1987

Analogue of cortisone
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Secondary
[FOSFAMIDE
1987

Analogue of cyclophosphamide
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MITOXANTRONE
1987

Analogue of doxorubicin(27)
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1987

Recombinant human parathyroid
(1-34)
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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-1,8-naphthyridin-4-one-3-carbox-
ylic acid derivatives. Several members of the
series were found to be highly effective
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antibacterial agents both in vitro and in vivo.

The outstanding compound of this series is 1-
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



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-oxo0-3-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,
1s 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
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rather than glycine has three advantages-(1)
glutamine contains two nitrogen atoms per
molecule, (i1) 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(/)
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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
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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 HCI (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(27)
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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

1988

Contrast agent
DICLOFENAC
1988

Analogue of indomethacin(27)

DICLOFENAC

NIZATIDINE
1988

INDOMETHACIN

Analogue of cimetidine(27)
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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(7).”

NICARDIPINE
1988
Analogue of nifedipine(27)
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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
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changing the culture fluid in the short-term
incubation of pituitary cells would stimulate
by 15-20% the basal secretion of GFIL, 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

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).”
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Analogue of propranolol(253)
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Analogue of ibuprofen(27)
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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).”
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Analogue of progesterone
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Endogenous-based biopharmaceutical
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CLOZAPINE
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Analogue of chlorpromazine
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CLOZAPINE IMIPRAMINE

“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
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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.LLN.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

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)”
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GOSERELIN
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Analogue of the endogenous Gonadotropin
Releasing Hormone(217)
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OMEPRAZOLE MAGNESIUM
1989

“Background: In the late 1960s,the pharma-
ceutical company Héssle 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
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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-
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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 (HDso) and acute toxicity
(LDso) 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 HDso<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
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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
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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 o 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(38/):

investigating the effects of the compound on:

v’ intact male rats

v’ castrate rats

v" hypophysectomized rats

v’ prenatal development

v' fertility in male rats

v' gonadotropin inhibition in female rats
parabiotically joined to male rats

spayed rats

female immature mice

progestational and antiprogestational ac-
tivities in immature female rabbit

AN

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,
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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).”
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Analogue of nalidixic acid(27)
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“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
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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).”
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Analogue of prazosin(27)
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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(/).
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EFLORNITHINE ORNITHINE

FLUTICASONE PROPIONATE
1990
Analogue of cortisone(2/)

FLUTICASONE PROPIONATE CORTISONE

HALOBETASOL

1990
Analogue of cortisone(27)
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Analogue of nifedipine(2/)
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NAFARELIN
1990
Analogue of GnRH(/)
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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
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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 D> 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 D> 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
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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):

v' TIsolated gastrointestinal tissues
= guinea-pig ileum
= rat forestomach
* human stomach

v’ potentiation of electrically evoked con-
tractions caused by 5-HT

v Antagonism by BRL 43694 of 5-HT-
evoked tachycardia in rabbit isolated
heart

v" Antagonism by BRL 43694 of the Be-
zold-Jarisch reflex in anaesthetised rats

v Inhibition of *H-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-HT;
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

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) N
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BENAZEPRILAT
1991
Analogue of captopril
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Analogue of captopril(2/)
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PRAVASTATIN
1991
Analogue of lovastatin(217)

From the discoverer(s):
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PRAVASTATIN LOVASTATIN

“We first searched for microbial culture
broths that inhibited the incorporation of
['*C]acetate into nonsaponifiable lipids. The
active broths were then tested for their ability
to inhibit lipid synthesis from [*H]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
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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).”
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Analogue of lovastatin(21/)
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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
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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(397)”

FELODIPINE
1991
Analogue of nifedipine(27)
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Analogue of erythromycin(27)

Error in similarity calculation by FTrees be-
cause of the unsupported macrocycle

STIBOCAPTATE
1991
Chelating agent
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FOSCARNET
1991

Analogue of phosphonoacetic acid
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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
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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 pg/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).”
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Analogue of ribavirin
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Chelating agent
PAMIDRONIC ACID
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Analogue of etidronic acid
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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
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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 (CIbMDP), with the
structure shown, prevents immobilization os-

teoporosis  induced experimentally in
rats(396).”
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Analogue of zidovudine(21/)
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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(/).”



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

ETODOLAC
1991
Analogue of indomethacin(27)

(¢}

Global Similarity:
0.727

Local Similarity:
1.000

0.999

0.709

0.950
o 07

ETODOLAC

CLARITHROMYCIN
1991
Analogue of erythromycin(27)
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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).”
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Analogue of fluoxetine
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Analogue of naftifine
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SUMATRIPTAN SEROTONIN

“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
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unknown serotonin receptor type (now called
5-HTig) 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-HT| receptor. It does not activate the
5-HT: through to 5-HT7 receptors, and even
within the 5-HT; 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-HT> but
not 5-HT 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 pg/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-HT 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-HTig re-
ceptor(399).”

From the discovery paper:
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“We describe the actions of a novel and
selective 5-HT)-like receptor agonist,
GR43175, in a range of isolated tissue
preparations containing different 5-hy-
droxytryptamine (5-HT) receptor types.

GR43175 was a potent agonist at 5-HT;-
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.

GR43175 was devoid of agonist proper-
ties at 5-HT-like receptors mediating re-
laxation of the cat isolated saphenous
vein.

GR43175 was devoid of agonist proper-
ties at 5S-HT> receptors mediating contrac-
tion of the rabbit isolated aorta, pig coro-
nary artery, greyhound coronary artery
and beagle femoral artery.

GR43175 was devoid of agonist proper-
ties at 5-HT3 receptors mediating depo-
larization of the rat isolated vagus nerve.

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-
HT> receptor blocking drug ketanserin
and the 5-HT; 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.

The results demonstrate that GR43175 is
a highly selective agonist for the 5-HT}-
like receptors found in the dog saphenous
vein. The absence of an action of
GR43175 at 5-HT;-like receptors mediat-
ing relaxation of the cat isolated saphe-
nous vein provides further evidence that
5-HTi-like receptors are heterogene-
ous(400).”
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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).”
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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. 7. 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
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accompanied by increased antitumor activity
at lower doses(401).”

OXAPROZIN
1992
Analogue of ibuprofen(21/)

Global Similarity:
0.678

Local Similarity:
0.949
0.958
0.559

OXAPROZIN IBUPROFEN

NEDOCROMIL
1992

Analogue of cromolyn

Global Similarity:
0.734

Local Similarity.

> 0618
0.622
1.000
1.000
0.707

NEDOCROMIL

DESFLURANE

CROMOLYN

1992
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Analogue of rifampin
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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
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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).”
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GABAPENTIN
1993
Analogue of GABA

Global Similarity:
0.779

NH: O B
* Local Similarity:

0 o 0.901
0.819
0,672

GABAPENTIN 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
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STRONTIUM CATION SR-89
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Inorganic

FENOFIBRIC ACID

1993

Analogue of clofibrate(21/)

FENOFIBRIC ACID CLOFIBRIC ACID

LODOXAMIDE
1993
Analogue of cromolyn(407)
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RISPERIDONE CLOZAPINE

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
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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 *H-spiperone from a binding site
that had been identified as the 5-HT> 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

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(470).”

TAZOBACTAM
1993

Analogue of clavulanic acid(27)
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PERINDOPRILAT
1993
Analogue of captopril(27)
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FENOFIBRATE
1993
Analogue of clofibrate(21)
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Analogue of amantadine
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DORNASE ALFA
1993

“Dornase alfa is a biosynthetic form of hu-
man deoxyribunuclease I (DNase I) en-
zyme(2).”

GADODIAMIDE
1993
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Contrast agent
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Analogue of fluoxetine
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Wy-44362 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
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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(/42).”

LORATADINE
1993
Analogue of diphenhydramine(27)
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Analogue of lovastatin(21/)
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GRANISETRON
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Analogue of ondansetron
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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):

v" TIsolated gastrointestinal tissues

* guinea-pig ileum
= rat forestomach
=  human stomach

v’ potentiation of electrically evoked con-
tractions caused by 5-HT

v' Antagonism by BRL 43694 of 5-HT-
evoked tachycardia in rabbit isolated
heart

v’ Antagonism by BRL 43694 of the Be-
zold-Jarisch reflex in anaesthetised rats
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Inhibition of *H-radiofigand binding to rat
brain membranes in vitro

CALCIPOTRIENE
1993

A synthetic vitamin D derivative
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VITAMIN D3

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(4/7).”

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
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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).”
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VINORELBINE
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Analogue of vinblastine
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PEGASPARGASE
1994
Modified and pegylated asparaginase(4/4)
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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
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reaction(4175).”
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Analogue of trazodone
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Analogue of cortisone(27)
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1994
Analogue of sirolimus

Error in similarity calculation by FTrees be-
cause of the unsupported macrocycle
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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(476).”

IOBENGUANE I-131
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Radiopharmaceutical
FLUVOXAMINE MALEATE
1994

Analogue of fluoxetine
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ACRIVASTINE
1994
Analogue of diphenhydramine(27)
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IMIGLUCERASE
1994

Human Beta-glucocerebrosidase or Beta-D-
glucosyl-N-acylsphingosine glucohydro-
lase(2)

ABCIXIMAB
1994
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Monoclonal Antibody
STAVUDINE

1994

Analogue of zidovudine(27)
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Analogue of salbutamol(2/)
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Radiopharmaceutical
TECHNETIUM TC-99M BICISATE
1994

Radiopharmaceutical
DALTEPARIN SODIUM

1994

A low molecular weight heparin(2)
IOPROMIDE

1995

Contrast agent

DEXRAZOXANE HYDROCHLORIDE
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Contrast agent
SEVOFLURANE

1995

Analogue of isoflurane(269)

Refer to the isoflurane entry.
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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, 1- 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
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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(4/8):

“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
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degradation of its quaternary ammonium
groups initiated at physiological pH(479).”

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(27)
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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
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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(27)
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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
name

market by the ‘Tramadol’ in

1977(421).”

oH GlobalSimilarity:
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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 C¢-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
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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,
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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 Angll they believed was involved
in binding(281).”

By adding some functional groups, they
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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(27)
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EPOPROSTENOL
1995

Is the same as prostaglandin I, prostaglandin
X or prostacyclin(217)

From the discovery paper:

“Recently a novel transformation of PGG2
and H> to a non-prostaglandin compound
‘thromboxane Az’ (TXA>) 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 TXA-.
TXA, 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 PGH: or PGGg;. 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.
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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!' PGX was about 30 times more po-
tent than PGE; and 5-20 times more potent
than PGD; as an anti-aggregatory agent
(423)”

NISOLDIPINE
1995
Analogue of nifedipine(27)
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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
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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 y-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 1-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).”
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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 a di soda’)
and then added to 5 mL of Loffler’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,
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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
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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(2/)
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From the discoverer(s):
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FLUTAMIDE

“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
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establish an assay, to test potential inhibitors
and also for detailed mechanistic stud-
ies(428).”

ANASTROZOLE
1995
Analogue of letrozole(27)
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From the discoverer(s):

“It was our intention to achieve the retarda-
tion of carbohydrate digestion by inhibiting
the intestinal a-glucosidases. Inhibitors of a-
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
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1996

Synthetic form of the peptide human cortico-
tropin-releasing hormone (hCRH)(2)

BRIMONIDINE
1996
Analogue of clonidine(2/)
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Analogue of cefalexin(27)

H:N

o Global Similarity:

H
AN 0.852

Local Similarity:

1.000
0.955
1.000
1.000
0.733
0.886
1.000

) ,\'H
IO

CEFEPIME CEFALEXIN

ALBENDAZOLE
1996

Analogue of mebendazole
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Prodrug of phenylacetic acid(2)
TOPOTECAN
1996

Analogue of camptothecin
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TOPOTECAN

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
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https://go.drugbank.com/drugs/DB01320

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). 1 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. Invitro assays:

v’ “gpecific binding of [3H]5(S)hydroxy-
6(R)-S-cysteinylglycyl  -7(E), 9(E),
11(Z), 14(Z)-eicosatetraenoic  acid
([3H]LTDA4) to receptors on guinea pig
lung parenchymal membranes and its in-
hibition by ICI 198,615(433)”

v Antagonism of LT-induced contractions
of guinea pig trachea(434)

v Antagonism of LTDs-induced contrac-
tions of guinea pig lung parenchymal
strips(434)

v Antagonism of LTCs- and LTDs-induced
contraction of human Isolated Intralobar
airway smooth muscle(434)

v' 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)

v" Inhibition of 5-, 12- or 15-Lipoxygenases
partially purified from guinea-pig poly-
morphonuclear leukocytes, human plate-
lets and soybeans, respectively(435)

v' Inhibition of LTD4-induced release of
TxB: from chopped guinea pig lung

B. Invivo assays:
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v' Antagonism of Aerosol LTDs-Induced
Bronchopulmonary Effects in a Con-
scious Guinea Pig Model(436)

v Pulmonary Mechanics Studies in Anes-
thetized Guinea Pigs(436)

v’ Peptide leukotriene-induced increases in
cutaneous vascular permeability in
guinea pigs

v Inhibition of ovalbumin antigen-induced
bronchoconstriction in guinea pigs

v 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 TLXS 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

Global Similarity:
0.946

Local Similarity:

1.000
1.000
0.698
1.000
1.000
1.000
0.993

PENCICLOVIR ACYCLOVIR


https://drugs.ncats.io/drug/XZ629S5L50
https://drugs.ncats.io/drug/YF1K15M17Y
https://drugs.ncats.io/drug/359HUE8FJC

VALSARTAN
1996
Analogue of losartan(27)

Global Similarity:
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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 uM) 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’-¢] [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
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administration, and so on. For this program
the HIV-1 RT enzymatic assay was the pri-
mary screen. Active compounds (IC 50 < 1
uM) 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/)

Global Similarity:
0.745

Local Similarity:
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0.942
1.000
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RITONAVIR

SAQUINAVIR

INDINAVIR
1996

Analogue of saquinavir(2/)
Global Similarity:
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Local Similarity:
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BENTOQUATAM

1996

“Bentoquatam 1is 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

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
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for