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INTROW CT ION 

S-aminoethylisothiouronium salts (AET) are considered to be the 
m a t  efficient radioprotective substances (1.2). They are relatively unstable 

in aqueous solutions where they are transformed .to 2-aminothiazolines (2-AT) 

(3-6). These substances are more toxic and their radioprotective effect is con- 

siderably lover than that of AET (7.8). From this point of view it is impor- 

tant to know the mechanism of the transformation of AET to their derivati- 

ves. The kinetics of the formation of 2-AT and mercaptoethylguanidine (MEG) 

in aqueous solutions of AET has been studied by Bitny-Slach- to (9). 

The mesuring of the optical density of chromatogram spots vas used in the ca- 
se for the determination of the amounts of 2-AT and MEG under various conditi- 

ons. 
The aim of our paper is the determination of the transformation 

14 of AET to its derivatives by the help of labelled AET- C. 

EXPERIMENTAL 

Materials : 
S-aminoethylisothiouronium bromide hydrob~omide-'~C vas prepa- 

red similarly to the non-radioactive material by means of heating thiourea- 

I4C with 2-bromethylamine hydrobromide in isopropyl alcohol at 82'C. The pure 

crystalline product vith m.p. of 192-194OC vas obtained by means of its recry- 

stalliration from isopropyl alcohol. 
Other substances were of A.R. purity; the solvents were dried 

vith fresh heated copper /II/ sulphate and distilled. 
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14 14 Transformation of AET- C to 2-AT- C : 
0. 1 H aqueous solutions of AET- C were heated to 18, 37, 50, 75, and 100°C 
for various time periods. Samples of reaction mixtures were taken in minute 
intervals from these solutions and deposited on the chromatographic paper. 
necause all transformations of substances of the AET type are stopped in stron- 
gly acidic media / I ] / ,  a drop of concentrated hydrochloric acid was placed befo 
rehand on the chromatogram start. 
Chromatographic separation : 
Samples of the reaction mixture were separated chromatographically on Whatman 
paper n"3 impregnated by 5 I potassium chloride solution. The butanolic phase 
of the n-butanol : ethanol (1O:l) mixture saturated with 0.2N hydrochloric acid 
was used as the developing phase in the descendent arrangement. The spots on 

chromatograms were detected by means of spraying a mixture of nitroprusside 
with ferrocyanide, described in (9,12). The spots corresponding to AET- C, 
2-AT- 
permanent blue, and redslowly disappearing. resp. 

14 

14 
I4 C, and MEG-14C were red - rapidly disappearing with a purple outer edge, 

DETERMINATION OF ACTIV ITY : 

The activity of the chromatograms was determined by a windowless-tube attached 
to the Prieseke-Hoepfner apparatus. 
The percentage of the activity in single chromatographic spots was determined 
by means of peak area weighing. 

DATA PROCESSING : 

14 The half-life of the transformabn of AET- C t o  2-AT-I4C was calculated from 
the slopes of the straight lines put through the experimental points by the 

least square method. 
The activation energy was obtained similarly from the dependence of the rate 
constants on temperature. 

RESULTS AND DISCUSSION : 

S-aminoethylisothiouronium bromide hydrobromide /AET/ is transformed spontane- 
ously in aqueous solutions. This transformation has been described by Doherty 
et al., who have found 2-aminothiazoline (PAT) to be the main product(5). 
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The application of AET labelled by radioactive isotope makes it possible to 

obtain more detailed information on the course of this process. Paper chroma- 
14 tography of aqueous solutions of AET- C has shown that, in addition t o  spots 

be longing to AET and F A T .  radioactivespotsbelonging to other products of 
the transformation of AET-I'C can be found on the radiochromatograms. 

14 The %values of all substances resulting from the transformation of AET- 
are listed in Table 1 .  Substances with I$ - 0.16(II) and I$ = 0.38(111) can be 

detected only with difficulties by detectors used for colour developing of 

spots of cyanamide and guanidine derivatives (9). Typical chromatogram of an 

aqueous solution of AET-I4C demonstrating the presence of all products of trans- 

formation is presented in Fig. I It was obtained from a sample of an aqueous 

C 

Fig. 1. Radiochranatogram of aqueous solution of AET-I4C after 20 minutes 
of heating at 75'C. 
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Substance I I1 111 

( A E T -  I 4 C )  

0.09 0 . 1 6  0.38 RF 
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IV 
( 2 - A T -  ’ 4 C )  

0 . 5 2  

Table I .  RF values of substances resulting from the trans- 

formation of A E T - I 4 C  in aqueous solutions. 
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F i g .  2.  I4C activity distribution in percent of total I4C activity between 

single products resulting from the transformation of A!lT-I4C in 

dependence on time. 
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14 solution of AET- 

of the transformation of AET- 

reaction product in all cases. This fact is evident from Fig. 2, where the dis- 
tribution of the activity of I4C between AET- C and singular products of its 

transformation is plotted against time. The percentage of substance I1 does 
not practically change with heating tibe; the percentage of substance 111 on 
the other hand slowly increasesvith increasing heating time. 

C heated to 75'C for 20 minutes. The study of the dependence 
14 C on heating time has shown that 2-AT is themain 

14 

The fundamental concept on the mechanism of chemical protection 

against radiation (13) supposes the presence of a free SB group in the radio- 
protective molecule. 2-AT that has the S atom bound in the cycle both loses 
the radioprotective properties (I4)and becomes more toxicdue to its ability to liberate 

epinephrine from suprarenal gland (15) .  The detailed study of the transforma- 

tion of AET-14C to 2-AT-I4C may therefore become an important guide when using 

aqueous solutions of AET in practice. The rate of this transformation depends 

considerably on temperature (9). Fig. 3 shows the dependence of the decrease 

of AET- 

50'C.  

The linear character of these dependences corroborates the conclusion that the 

reaction is monomolecular and proceeds according to the following scheme : (13) 

14 C content on time of heating of aqueous solutions at 18OC. 37' C. and 

Fig. 4 shows the same dependence se Pig. 3 for temperatures of 75*C and IOO°C. 
Even in this case the character of the 

rate constants vere calculated from the slopes of the straight lines for the 
single temperatures. The obtained values are given in Table 2; value8 obtained 

by bitny-Szlachto (9) for some other 
our results. 

dependence remains linear. Reaction 

temperatures are in good agreement with 
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Pig.3 : Dependence of the decrease i n  AET-I4C content on time 
of heating of aqueous solutions 
a/ l8OC 
b/ 37OC and 6OoC 
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Pig. 4. Dependence of the decrease in AET-I4C content on time of heating 
of aqueous solutions. 
a) 75OC 

b) IOOOC 
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* I 1 2  
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167 hr 9.8 hr 

Table 2 .  Half-life and rate constants of the transformation 

of AET-14C to 2-AT-14C at various temperatures. 

50°C 

78.3 

XI0 -4 

1.5 hr 

100°C 

The dependence of the rate constants on the reciprocal value 

of absolute temperature is given in Fig. 5. This dependence is also linear 
and makes it possible to determine the activation energy of this reaction 

from Arrhenius equation. Substituting values frao Fig. 5 .  the activation energy 
of 17.5 kc I/mole wasobtained. Reciprocal substitution into Arrhenius relation 

makes it possible to determine the 

studied interval and by means of an extrapolation even at those temperatures 
at which the reaction rate is exceedingly low or high. Such an extrapolation 

yields at O°C k- 0.29 x 10-4/min-'Y/' the rate of transformation of AET-14C 

to 2-AT- 
aqueous solutions of AET may be used in experiments or in practice, if they 

have been stored at these temperatures. 

reaction rate for any temperature within the 

14 C at temperatures close to O°C is very low and therefore even older 
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F i g .  5 .  Dependence of rate constants on absolute temperature. 
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