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A combination of S-hydroxy-L-tryptophan (HT) and 2-aminocthylisothiuronium bromide hydrobromide (AET) increases
radioprotection to a significant extent in biological systems. In the present report some physicochemical nature of the
combination has been probed. It has been shown that HT forms a complex with AET in the concentration ratio of
90.82 : 14.23 (uM) by ditferent analytical techniques. Probable structure has also been assigned [or the complex. The
inference is based on uv spectrophotometry, spectrophotofluorimetry, conductance measurement and infrared spectros-
copy. The complex is stable for 6 days at room temperature. With gamma irradiation, there is consistent decrease in pH
for HT and AET but for HT + AET the change in pH is biphasic. Possible explanations for these observations have been

given.

The functional groups, viz. sidechain NH2 and SH in
case of f-aminocthylisothiuronium bromide hydro-
bromide (AET)l and indole ring and sidechain NH2 in
case ol S-hydroxytryptamine (5 HT)2 have been ascri-
bed responsible [or radioprotection extended by these
compounds. A combination ol 5-hydroxy-L-tryp-
tophan (HT) and AET has been noted o render very
good radioprotection in gamma-irradiated animals®. In

this study the physicochemical nature of the combina-
tion as compared to that of the individual compounds
has been probed.
Results and Discussion

The uv absorption maximum of AET in water
(conen. 90.82 pM) is obtained at 200 nm. This is due
to the formation of NH3 and SH groups, the both being
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Fig. 1. Uv absorption spectra of 1T, AET and HT + AET in 0.9% sodium chioride @ (O) HT (conen.. 90.82 M), (x) T + AET (conen.,

90.82 + 14.23) uM + 14.23 pM. and (@) AET (conen.. 14.23 pM).

681



J. INDIAN CHEM. SOC., VOL. 70, AUGUST 1993

formed as a resultof the formation of MEG [rom AET.

HzC—{CHz HypC—CH3
g e
C C
HQN/ \N H H2N/ \NH

(AET) (MEG)

The sidechain NH2 group of MEG gets proton-
ated and forms NH3 (Ref. 4,5). In EDTA solvent, AET
(i.e. MEG in watcr) shows consistent increase in ab-
sorbance valuc with increasing concentration (concn.
ug mi~"in parenthesis) ; 2.04(20), 2.35(40), 2.43(60),
2.60(80) and 2.70(100); showing thercby that the dis-
solved compound follows Lambert-Beer’s law. How-
ever, the SH and NH2 groups being auxochromes, they

ABSORBANCE —>

produce increasc in inlcnsily4.

In Fig. 1, the absorption spectra of HT, AET and
HT + AET in 0.9% sodium chloride have been shown.
In this solvent also AET gets converted to MEG, bul
the absorption maxima is obtaincd at 220 nm. The

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

chloride ions to the NH3 ions of MEG is possible. This
is the likely reason lor the shilting ol the absorption
maxima from 200 to 220 nm.

HT shows absorption maxima at 215 and 275 nm.
The absorption at 275 nm scems to be more charac-
teristic of the compound and is not amcnable to shift
in the maximum wavelenglhﬁ. When HT combines
with AET in the micromolar ratio of (90.82 : 14.23),
one absorption maximum is obtained close to 215 nm,
The absorbance at 270-290 nm for HT + AET though
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Fig 2 Uvabsorption spectrain EDIA (@) HT (concn., 90.82 yM). (A) ALST (conen.. 14.23 pM) and (O) UIT + AET (concn.. 9082 pM + 14.23 M),
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slfghlly high docs not form any pcak in contrast to HT
alone (at 275 nm).

In Fig. 2, the absorption spectra of HT (90.832
uM), AET (14.23 uM) and HT + AET
(90.82 uM + 14.23 uM) in EDTA have been shown. Tt
is observed that HT + AET shows a distinct pecak at
205 nm whereas neither HT nor AET shows any dis-
tinctpeak. Again the absorption intensity of HT + AET
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and HT + AET. The solvent (i.e. 0.9% sodium
chloride) has somc fluorescence but emission
wavelength is different (300 nm) and intensity is small
compared to that of HT,” AET or HT + AET (Fig. 3).
The fluorescence intensity of AET is much less as
compared to that of HT in the same wavelength (Ex
287 nm Ep 340 nm) in the given concentrations.
Fluorescence intensity of HT + AET is in between HT
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Fig. 3

Relative fluorescence intensity of HT. AET and ITT + AET as a function of enussion wavelength in 5 ml of 0 9% sodium chlonde - (O) HT

(5 ng), (@ 1T + AET (5 pg + 1 pg). (x) AET (1 pg) and (A) 0.9% sodium chloride

does not change to any significant extent from 260 to
290 nm, but the intensity is in between that of HT and
AET. Only HT shows an absorption maximum at 275
nm and AET does not show any absorption maximum
in this wavelength range. It seems thatsidechain of HT
is invloved in binding with AET. That is why the
absorption maximum of HT is missing. The tormation
of secondary amide bond is indicated .

The percent fluorescence transmittance against
cmission wavcelength has been plotted for HT, AET

and AET and the valuc is close to that of AET. This
indicates that a complex has been tormed whose
{luorescence intensity is much lower than that ol HT
alone.

In EDTA solvent, {luorimetric response (Ex 287
nm and Ep, 340 nm) for HT, AET and HT + AET have
been shown in Fig. 4. It is obscerved that HT shows
maximum, AET shows minimum and HT + AET
shows intermediate fluorescence intensity indicating a
possible complex tormation. EDTA does not have a
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fTuorescence at this wavelength. Fluorescence quench-
ing in both the solvents in case al HT + AET is an
indication of binding ot HT with AET.

Conductance measurcment shows that at a con-
centration ratio ot HT with AET of 90.00 : 14.23 pM,
the conductance becomes minimum both in water and
in 0.9% sodium chloride (Tables 1 and 2) indicating
again a possible complex tormation. The relative
valucs in water are much less compared to that in 0.9%,
sodium chlonde. In water, the COOH groups of HT
get ncutralised with the NH3 groups ol MEG. The
clectronic excess charge of SH groups also gets
ncutralised at the above concentration ratio. In 0.9%
sodium chloride also the samc¢ phenomenon takes
placc. In addition, Na¥ and CI™ ions that arc present in
cxcess get clustered around any cxcess negative and

positive charge centres.

Tagry 1-Conpuc TANCE OF HT + AET IN Dit FLRENT PROPORTIONS OF
SOLVLNT-WAT R

Solution HT AT Conductance
no wm nM pe!
I 30 14 23 344
2 40 14 23 350
3 60 1423 354
4 30 1423 358
S 90 14 23 330
6 100 14 23 363
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TaABLE 2—=Conbue 1aNcE oF T + AET IN Dii F REN T PROPORTIONS OF
Sotvint 09% SoniuM CHl ORIDE

Solution HI Al T Conductance
no M M n Q!
1 10 1423 11800
2 20 1423 11600
3 30 1423 11300
4 40 1423 11200
S 50 1423 10 500
6 60 1423 10000
7 80 1423 9000
8 90) 14 23 8500
9 100 14 23 10100
26
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Lig 5 Opucal abeorbance ol Al 1asa functionof pH inwaicr (conen ,

L0 pg 1)
The isoclectric point of AET is obscrved at pH S

as the absorbance is minimum at this pH. Charge
arising duc o the chromophoric groups like NH3,

=NH, SH and H3N*-C(=NH)-NH- gct mutually
ncutralised at this pH (Fig. 5).

The absorbance versus pH curve of HT (solvent
walter) passcs through a stable minimum in the pH
range 4.0-9.0 at 207, 222 and 275 nm. It can therelore
be concluded that the chfomophoricity of sidechain
~CH-CH(NH2)-COOH (absorbance at 275 nm) does
not alter to any significant cxtent in the pH range
4.0~ 9.0 (Fig. 6). The chromophoricity of pyrrole ring
(absorbance at 207 nm) and indole ring (absorbance at
222 nm) also remains unallered in the same pH rungc7.

For HT + AET, the absorbance values at 207 and
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275 nm pass through a minimum in the pH range 6-9.
The chromophoricity decreases shaiply at acidic pH
and increases slowly atalkaline pH at 275 nm (Fig. 7).
On scrutiny ol the nature ol the absorbance versus pH
curve ol HT + AET comparcd to that ol AET or HT
alone (Figs. 5, 6 and 7) it is clear that there is distinct
dilterence. This is again an indication that a complex
has been formed.

Tasit 3-1R Sprc IRAl CHARACTTRISTICsof T AL T AN HIT+AI'T

Wave 1 ALT I11+AF1 Asagnmcnt
numbet 7% Absotb % Absorb % Absorh
1 000 65 — 40
1100 68 — 45 C-O strctch
1200 70 6 37
1500 70 73 64  R-CONIR
anide
69 6() 98 Varnation ol
(1650) (1 650) B-cardon
1 600 Atomof H1
due to
complex
formation
2800 73 90 —
(2850)
5000 74 95 — Ol suetch
tor
3400 755 — —_ carboxylic
acids

Pertinent wavenumbers for ir spectral studies on
HT, AET and HT + AET havce been shown in Table 3.
Ditterences in absorbances for the individual com-
ponents versus the combination in these wavenumbers

PHYSICOCHEMICAL PROPERTIES OF A COMBINATION OF etc.

arc clearly noted. Itis concluded trom the ir spectral
study that (i) the carboxylic acid group is involved in
complex formation and (ii) -CONH group is lormed
during complex formation”. Based on ir studics a
probable structure ol the complex is assigned as

H2‘|3—f]3H2
HS TH

50 1
HN/ \N—

Stability of the complex in aqueous solution has
been studied following the absorbance at 275 nm on
ditterent days (number ol days in parcnthesis) : unir-
radiated 0.440(1),0.450(4), 0.450(6), 0.380(11), 0.380
(15) and 0.380(19). In unirradiated state, the complex
is stable up to 6 days, beyond that the absorbance is
lowered.

Variations in pH with gamma radiation dose ol
AET, HT and HT + AET have been shown in Table 4.
For both HT and AET, there is a consistent decrease
ol pH with radiation dosc up to 1500 Gy. But HT +
AET bchaves in diflerent manner where the variation
of pH with radiation dosc is biphasic. Gamma 1adia-
tion-induced reactions ol HT are reported as as

HO CHy—GH—NH
| COOH
N
H

OH®| Gamma radiation

HO CH2~(|3H
I COOH
N
H

OH'| Gamma radiation

H
/COO

HO CHy—CH
\[:::[:iﬂ/ “\COOH
N

H
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IABI F 4-pH OF RADIOPRO TFCTORS AND 1HIIR MIXTURES As A
FuncTion oF GAMMA IRRADIATION DosL

Radioprotectors Unirradiated Gamma Irradiated (Gy)
100 300 500 1500
AL
(concn 1423 uM) 385 365 338 311 305
HT
(concn 90 82 1) 598 585 525 521 506
HI+AFT
2
(052 M + 14 2310) 520 545 550 $37 491

It is therefore inferred that ionisable carboxyl
groups arc responsible for decrease in pH with incrcas-
ing radiation dose.

We suggest that tor AET the possible gamma
radiation-induced reactions that lead to decreasc of pH
are as lollows :

The initial increase of pH for HT + AET up to 300

HyN —CHy—CHp=S

HyN—C=NH
lOH'

HaN—CHy—CHp—S

I + NH
H;N—C=0 31
low
HO—C=0
JOxidatlon

HOOC—CH,—S
HO—C=0

Gy 1s likely to be due to the lormation ot NH4OH trom
ammonia, hberated trom sidechain of HT and =NH
group ot AET ot the complex. Afterwords with lurther
increase in radiation dose carboxyl groups both trom
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, F0369, mol. wt.

281.02) were dissolved in water on warming to 37",

Other than water, EDTA (2.5><1()-4 M) and 0.9%
sodium chloride were also used as solvents. Triple-dis-
tilled water was uscd lor preparing the solutions.

The nature ol interaction was studicd by
spectrophotometry.

A Cambridge spectrophotometer was uscd; spe-
cial care was taken for measuring the absorbance
(190-220 nm) by keeping the cuvetle assembly in
nitrogen atmosphere. Other equipments used werc on
Aminco-Bowman spectrophotoflourimeter (accuracy
0.001 unit), a Perkin-Elmer inlrared spectrophoto-
meter (accuracy 1%), a CM 82T conductivity bridge
(accuracy = 0.01 n @Y and a Toshniwal pH meter
(accuracy = 0.01).

HT (concn., 10 ug/ml'l) and AET (concn.,
10 ug/ml'l) were dissolved scparately in water. For
preparation ot HT + AET, 10 ug/ml'l HT was mixed
with 2 ug/mi~" AET. The mixture was stirred and kept

tor 3hat37". HT, AET and HT + AET solutions were
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then lyophilised at -30%and a pressure of 6 mbar for
6 h. These were then pelletted with KBr, made a thin
film and ir spectra obtained.

The melting points of AET and HT were 188" and

270° and that for HT + AET 190° and 230° (first and
second melting). The data indicate binding between
the two compounds. The dose rate for the gamma
irradiated solutions was noted to be 0.077 Gy 7! (Rel.
10).

Conclusion : Prescnt studies show that HT forms
a complex with AET in the concentration (uWM) ratio
0 90.82: 14.23.
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