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A combination ot'S-hydmxy-L-h-yptophan (HT) and 2-aminuclhylisothiuronium hrnmide hydt·oh.-omide(AET) inueases 
radiopi'Otedion to a significant extent in biological systems. In the pt·esent repot·t some physicochemical nature of the 
combination has heen p1·ohed. ll hus been shown that HT limns a compll'X with AET in the concentration mtio of 
90.82 : 14.2~ (!lM) by dil'fe1·ent analytical techniques. l'mhahle st1·uclure has also heen assigned for lhe complex. The 
inl'e1·ence is based on uv spectt·ophotomclry, spcclrophutolluorimelt·y, conductance mcasut·cmcntand inl'n11·ed spcl'lt·os­
copy. The complex is sta!1lc for(, days att·oum tcmpcnttm-c. With gamma irntdialinn, thcr·c is consisk·nt dcct·casc in pH 
I'm· HT and AET hut I'm· HT + AET the change in pH is hi phasic. l'ossihle explanations I'm· these ohsci'Vations have heen 
given. 

The functional groups, viz. sidechain NH2 and SH in 

case or 1:~-aminocthylisothiuronium bromide hydro­

bromide (AET) 1 and indole ring and sidcchain NH2 in 

case of 5-hydroxytryptaminc (5 HT)2 have been ascri­

bed responsible for radioprotection extended hy these 

compounds. A combination or 5-hydroxy-L-tryp­

tophan (HT) and AET has been noted to render very 

good rad ioprotcct ion in gamma-irradiated an imals3. In 

this study the physicochemical nature or the combina­

tion as compared to that or the individual compounds 

has been probed. 
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Results and Discussion 

The uv ah-.orption maximum of AET in water 

(concn. 90.H2 ~tM) is obtained at 200 nm. This is due 

to the formation of NH! and SH groups, the both being 

200 210 220 230 240 250 260 270 2SO 290 300 

WAVE LENGTH /dnml-

Fig. I. !Jv ~bsorplion Spt'<'lra of I IT. 1\ET ami liT + AI'T in 0.9% sodium chlorid<' : (( l) HT (com·n .. ll(U!2 r•M). (x) liT + AET (concn .. 
90.82 + 14.2.3) !LM + t4.23 p.M. and (e) 1\JjT(eoncn .. 14.23 p.M). 
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formed as a re~ult of the formation of MEG !rom AET. produce increa~e in intcnsitl. 

In aqueous 

H2C-CH2 
I I 

H N SH 
I solution 

/c~ 
H2N ~NH 

(AET) (MEG) 

The ~idechain NH2 group of MEG geL.;; proton­

ated and forms NHJ (Ref. 4,5). In EDTA solvent, AET 

(i.e. MEG in water) shows consistent increase in ab­

sorbance value with increasing concentration (concn. 

~tg ml- 1 in parenthesi~); 2.04(20), 2.35(40), 2.48(60), 

2.60(HO) and 2.70(100); showing thereby that the dis­

solved compound follows Lambert-Beer's Jaw. How­

ever, the SHand NH2 groups being auxochrome~, they 
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In Fig. 1, the absorption ~peclra of HT, AET and 

HT + AET in 0.9% ~odium chloride have been ~hown. 

In thi5. solvent also AET geL.;; converted to MEG, hut' 

the absorption maxima is obtained at 220 nm. The 

attachment of Na +ions to the =NH and SH groups and 

chloride ions to the NH3 ions of MEG is po~5.ihle. Thi~ 

is the likely rea~on lor the ~hifting of the ah~orption 

maxima from 200 to 220 nm. 

HTshow~ absorption maxima at 215 and 275 nm. 

The ab~orption at 275 nm ~eems to he more charat:­

teristic of the compound and is not amenable to ~hifl 

in the maximum wavclength6. When HT combines 

with AET in the micromolar ratio of (9fUQ: 14.23), 
one absorption maximum is obtained close to 215 nm. 

The ah~orbancc at 270-290 nm for HT + AET though 

260 280 300 

(WAVE. LENGTH 1 nml-

Fig l I Jv dl.,.orpiiOn "P<'<'Ir<l in [f) l'A (e) liT (ooncn .. 00.112 tuW'). (II) t\Jo'l (concn .. 14.l3 pM) ~nd (( )) 1 IT+ t\ET (concn .. llO.K2pM + J • .U3 rulf). 
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~lightly high docs not form any peak in contrast to HT 

alone (at 275 nm). 

In Fig. 2, the ab~orption ~'>pcclra of HT (90.R2 

!!M), AET (14.23 ~tM) and HT + AET 

(90.X2 ~tM + 14.23 !!M) in EDT A have been shown. It 

i:. observed that HT + AET ~'>hows a di:-.tinct peak at 

205 nm wherea~ neither HT nor AET show~ any dii-.­

tincl peak. Again the absorption inten:;,ity ofHT + AET 
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and HT + AET. The ~olvent (i.e. O.<:V%1 ~'.odium 

chloride) has some fluore~cencc but cmi~'>:-.ion 

wavelength i~ different(300 nm) and inten:-.ity i~'> :-.mall 

compared to that of HT,~AET or HT + AET (Fig. 3). 

The lluore~cence intensity or AET i:-. much le:-.s as 

compared to that or HT in the ~arne wavelength (Ex 

2H7 nm Em 340 nm) in the given concentrations. 

Fluorescence intensity or HT + AET is in between HT 

200 220 240 260 2BO 300 320 340 360 380 400 420 440 460 4BO SOD 

EMISSION WAVELENGTH 

Fig. 3 Rrlalive lluore~cence intensity of HT. Af:T and I IT+ AET A' a function of rnussion wavelength in 5 ml ol () ll'!f 'ouo urn chlondc · (0) I IT 
(5 ftg), (e) I IT+ AET (5 ftg + I ftg). (x) Af:T (1 ftg) and (h) 0.9% soutum<·hlorid~ 

does not change to any significant extent from 260 to and AET and the value is clo:-.c tn that ot AET. This 

2LJO nm, hut the inten~'>ily is in between that of HT and indicates that a complex ha~'> been formed whose 
• 

AET. Only HT :-.how~'> an ah~orption maximum at 275 lluore~cence intenl'>ity i:-. much lower than that ol HT 

nm and AET doe:-. not ~how any absorption maximum 

in thi~ wavelength range. It seem~ that sidcchain ofHT 

i~'> invloved in binding with AET. That i~ why the 

ah~orplion maximum of HT i~ missing. The !ormation 

of !-.econdary amide bond is indicated 7. 

The percent lluoresccncc tran~mittancc against 

emi~:-.ion wavelength ha~ been plotted for HT, AET 

alone. 

In EDTA :-.olvent, t"luorimctric rc:-.pon:-.c (Ex 2K7 

nm and Em 34ll nm) for HT, AET and HT + AET have 

heen shnwn in Fig. 4. It b ob:-.crvcd that HT ~how~ 

maximum, AET ~hows minimum and HT + AET 

!>how~'> intermediate l1unrcscence intensity indicating a 

po:-.!-.ihlc complex formation. EDT A doc:-. not have a 
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log 4 Rcl.lloH nuor<·~cencr ontcn~oty of HT. N 'I .wd !IT+ AI· I'~',, 
!uncllon ot lllll'-"on w,,vrkngth rn 5 ml of ED 1 A (e) Ill 
(5 Jtg). (0) II f + AFI (5 1•g + 1 11g). (x) ALl (l]tg) and (0) 
LDTA 

lluorcsccncc at thi~ wavelength. Fluorescence 4ucnch­

ing in both the !>Oivcnt~ in ca~c ol HT + AET i~ an 

indication ol bmding ot HT with AET. 

Conductance mea~urement ~how~ that at .1 con­

centration ratio ot HT with AET ol 90.00: 14.23 ~tM, 

the conductance become~ minimum both in water and 

in 0.9% !>Odium chloride (Tables l and 2) indicating 

TAB!~ 2-CO'\Ill'( ),\,(I 01 Ill + AET IN Dll H Rl·l'-ll'ROI'OKIIO~~OI 

'>ol vi I'. I () Q% SOI>Il/M ('til ORIIJI 

Solullon II f AI r Conducl<lncc 

no ttM pM 1o Sl- 1 

lO 14 23 11sm 

2 20 14 23 11 6l~l 

3 30 14 23 113fKI 

~ 40 14 23 II 200 

5 50 14 23 10 5(~) 

6 60 1423 10 uoo 
7 so 14 23 Q()(J() 

8 90 14 23 ~sm 

Q J(K) 14 23 )(I 100 

2 6 

2 t 

w 2 2 u 
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<1: 
rn 7. 0 0:: 
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<1: 113 
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I 2 -

1 0 
2 4 6 a 1 0 1 2 

again a po~!>ihle complex torma tion. The relative log 5 Oplr< .tl .• h•.orll.llll~ ol AI I a-. a funtiiOil ol pllin waltr (eon en. 

value~ in water arc much lcs~ compared to that in 0. 9% 
!>odium chlonde. In water, the COOH groups ol HT 

gel ncutrali!>cd with the NH! group!> ol MEG. The 

electronic cxce~~ charge ot SH group~ abo gcb 

neutrali~ed at the above concentration ratio. In 0.9(,4; 

~odrum chloride also the ~arne phenomenon lake~ 

place. In addition, Na +and Cl- ion~ that arc prc!>cnt in 

exce!>~ get clu~tercd around any execs~ negative and 

po~itrvc charge centre~. 

TAI!II J-('oNour TANct or HT + AET IN D11 rLREN 1 PRoroRl 10~~ o~ 

SoLVLNT-WAn K 

Soluloon 
110 

2 
3 
4 

5 
6 
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HT ArT 
llM pM 

30 14 23 
40 14 23 
60 14 23 
~0 14 23 
Q(l 14 23 

1(() 14 23 

Condul'l.tnl'e 
,, ~l-1 

344 

350 
354 
351{ 
339 

363 

l!l 11g r) 

The i:o.ncleclnc point ol AET i~ ob!>erved <1l pH 5 

a:-. the ah~orhance i~ minimum at thi-. pH. Charge 

ari~ing due to the chromophoric gwup-. like NH!, 

=NH, SH and H3N+-C(=NH)-NH- gel mutually 

neutrali:-.ed at thi~ pH (Fig. 5). 

The ab~orhancc vcr .... u:-. pH curve ol HT ( .... olvent 

water) pas~c:-; through a ~tahle minimum in the pH 

range 4.0-9.0 at 207, 222 and 275 nm. It can therefore 

he concluded that the ch(omophoricity nl ~i.dechain 

-CH-CH(NHz)-COOH (ah~orbancc a.t 275 nm) doci> 

not alter to any ~ignitieant extent in the pH range 

4.0- 9.0 (Fig. 6). The chromophoricity ol pyrrole ring 

(ah:-.orbancc at 207 nm) and indole ring (ah~orhance at 

222 nm) al~o remain!> una ltcred in the ~a me pH range7. 

For HT + AET, the ah!>orham:c value~ at 207 and 
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r,g 6 Al"othJncL vu'u' pi I curve of Ill 111 w.1tc1 LOIIlll 00 S.?.ttM 
·''"orhanLc at (x) 207 nm (Cl) 222 nm Jnd (e) .?.75 nm 

275 nm pa~~ through a minimum in the pH range 6-9. 
The chromophoricity dccrea~c~ ~harply ,1t actdtc pH 

and incrca~es ~lowly at alkaline pH at275 nm (Fig. 7). 

On ~crutiny ol the nature ol the ab..,orbance vcr~us pH 

curve ol HT + AET compared to that ol AET or HT 

alone (Fig~. 5, 6 and 7) it i~ clear that there i~ di~tinct 

d1l1crcncc. Thi~ i~ again an indication that a complex 

ha~ been formed. 

lABII 3-IRSrr< IRA! C'IIARACil Rl'llC~OI Ill ALl AND Ilf+Al T 

Wnvc Irl ALl' lll+Af-1 
A"tgntnLtlt 

numlll'l 'Y, Ah,otb % AL"orh 'Yr J\b,oth 

I 00(1 ()5 40 

1 I 00 6tl 45 C-0 ''n tch 

I 200 70 6 S7 

I 500 70 73 64 
R-CONIIR 
~m1de 

69 60 llS V ~n~tiOil ol 

(1650) (1650) ~~-Lardon 

Atom ol IiI 
I 6!XI 

due to 
complex 
forma !ton 

.?.son 73 90 

(2 SSO) 

74 95 Oil 'It etch 
2ll(XI 

tor 

3 400 
75 5 cMhoxyltc 

aci(J.., 

Pertinent wavenumber~ tor ir spectral ~ludic~ on 

HT, AET and HT + AET have been ~hown in Table 3. 

Dillercnce~ in ab~orbancc~ lor the individual com­

ponent~ wr~u~ the combination in these wavenumber~ 

arc dearly noted. It i<; concluded !rom the ir ~pectral 

study that (i) the carboxylic acid group i-. involved in 

complex formation and (ii) -CONH group i~ lormed 

during complex lnrmation8. Ba~cd on ir ~ludic~ a 
probable -.true\ me olthe complex i-. as~igncd a ... 

H2C-CH2 
I I 

HS NH 

I 0 NH f?\ II I 2 
HN N-C-C-CH2~0H 

I I I I 
H H / 

N 
H 

Stability ol the complex in aquenu-. ~olution ha~ 
been ... tudicd lollowing the :th~orhance .tt 275 nm on 

dittcrcnt day~ (number nl day~ in parenthe-.i~): unir­

rad ta led 0.440( 1 ), 0.45! l( 4 ), 0.450( 6 ), 0.3XO( 11 ), 0.3XO 

(15) and 0.3Xfl(l9). In urmradiatcd ~talc, the complex 
i~ ~tahle up to 6 day~, beyond that the ah~orhancc i~ 

lowered. 

VarialHlllS in pH with gamma radiation do~e ol 

AET, HT and HT + AET have hccn -.hown in Table 4. 
For both HT and AET, there i-. a con<.i-.tcnt dccrca~c 
ol pH with radiation do~c up to 1500 Gy. But HT + 
AET behave~ in dillcn.:nt manner where the variation 

ol pH with radtalion do-..c i-. bipha-.ic. G.11nma tadia­

linn-mduced rc.tctiun-. ol HT arc rcpotlcd 1~ a-. 

HOWCH2-CH-NH2 /I I ........ I COOH 
N 
H 

OH'l G•mm• ,.,;,too" 

HowcHrcH / I 
........ I I COOH 

N 
H 

0 H 'I G•m m• "'"'"" 
/COOH 

HOWCH2-CH 
/ I I ............_COOH 
......_ N 

H 
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f'liNC'llO!'. OF CiA 'liMA IRRADIATION 00\L 

Rddooproteclor. !lmrrddodlcd Cidmllld lrradoated ((i~) 

100 300 500 15fl(J 

Al::'l 

(concn 14 23 !tM) 3 85 3 65 3 38 311 3 05 

Hf 

(ronco 90 82 Ju\1) 5 98 5 85 5 25 5 21 5 06 

HI'+Aff 

(90 82 1tM + 14 23 rtM) 
5 20 5 45 5 50 5 37 4 91 C'oncn ratoo 

It b therefore interred that ionisahle carboxyl 

group:-. arc responsible for decrease in pH with incrcas-

mg radiatton do~e. 

We ... uggest that tor AET the posstble gamma 

radia tion-mduced reaction:-. that lead to deueasc ol pH 

are a:-. follow:-. : 

The in it it~ I mcrease of pH lor HT + AET up to 300 

HOCH2-CH2-f + NH3 t 
HO-C=O 

l Oxidation 

HOOC-CH2-s 
I 

HO-C=O 

Gy 1:-. hkcly to he due to the formation ot NH40H trom 

ammonta, liberated trom sidechain ot HT and =NH 

group ot AETot the complex. Altcrwords wtth I urther 

mcrease m rad1atwn do:-.e carboxyl group:-. both lrom 

HT and AET cause the pH to decrease. 

Experimental 
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Anhydrous HT (Lot no. 33, F0402, H3753, mol. 

wt. 220.2) and AET (Lot no. 122, F036lJ, mol. wt. 

2X1.02) were dt:-.solved in water on warming to 37°. 

Other than water, EDTA (2.5xto-4 M) and O.lJ% 

sod tum chloride were also used as ~olvenh. Trtplc-dis­

ttllcd water wa:-. u~ed lor preparing the sohttton .... 

The nature ot interaction wa~ :-.tudicd by 

spectrophotometry. 

A Cambridge ~pectrophotometer wa:-. u~ed; ~pc­

cial care wa~ 1<1ken for measuring the absorbance 

(190-220 nm) by kcepmg the cuvette a5.:-.emhly in 

nitrogen atmo~phcrc. Other cquipmcnL-. used were on 

Aminco-Bowman :-.pcctrophototlourimcler (accuracy 

0.001 unit), a Perktn-Eimcr infrared ..,pectrophoto­

metcr (accuracy I%), a CM X2T conductivity bndge 

(accuracy± 0.01 ~t Q-L) and a Toshniwal pH meter 

(accuracy± 0.01). 

HT (concn., 10 !-lg/ml- 1) and AET (concn., 

10 !-tg/ml-1) were di~~olvcd separately in water. For 

preparatton ot HT + AET, 10 ~tg/ml- 1 HTwa:-. mtxed 

with 2 ~tg/mi- 1 AET. The mixturcwa:-:-.tirredand kept 

tor 3 h at37°. HT, AETand HT + AET:-olutiqm, were 
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then lyophiliscd at-30° and a prcs~urc of 6 mbar for 

6 h. These were then petlcttcd with KBr, made a thin 

l'ilm and ir spectra obtained. 

The melli.ng poinL<> of AETand HTwcrc 1~~0 and 

27d1 and that for HT + AET llJ0° and 23d1 (first and 

second melting). The data indicate binding between 

the two compounds. The dose rate for the gamma 

irradiated solutions wa~ noted to bc0.077 Gy s- 1 (Ref. 

10). 

Conclusion : Present studies show that HT forms 

a complex with AET in the concentration ([.l.M) ratio 

or 40.~2: 14.23. 
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