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Radioprotectors  of the aminomercaptan  group, espec ia l ly  mercamine  (2-arninoethanethiol),  a lmos t  
completely prevent  the inhibition of enzymic  activity of the inver tase  of the small  intest ine observed  in I r -  
radiated ra t s .  
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In recent  years  the attention of gas t roente ro log is t s  has been drawn to contact digestion, d i scovered  
by A. M. L'golev [14], per formed by enzymes  fixed to the brush border  of the intest inal  ep i the l ium and play-  
ing a role of considerable importance in the final hydro lys i s  of food substances .  

Contact digestion has been found to b e  severe ly  dis turbed in animals  exposed to i r rad ia t ion  [2, 15]. 

tn most investigations the protec t ive  action cf r ad iopro tec to r s  was es t imated  f rom morphological  
c r i t e r i a  [8, 10, 17, 19, "_)1]. Only isolated investigations have been made to study the, effect  of r ad iop ro t ec -  
ti~e substances on changes in the function of the digestive t rac t  in i r rad ia ted  animals  [3, 5, 6, 22}. 

In the present  study an attemt~t was made to prevent  radiat ion injury to contact  digest ion by means  
of radioprotect ive substances.  

E X P E R I M E N T A L  M E T I I O D  

Experiments  ,~ere pe r fo rmed  on female albino r a t s  weighing 150-200 g kept on a constant  diet .  The 
enzyme activity of the intestinal inver tase  was used to indicate the state of contact  digest ion.  The ma te r i a l  
studied consisted of segments of the jejunum taken 20 em away f rom the pylorus~ The enzyme actix~ity was 
determined from the increase  in reducing substances as  a resul t  of hydrolys is  of suc rose .  Using A. M. 
Ugolex~s method [14], the hydrolysis  of suc rose  was investigated in the p re sence  of a segment of intestine,  
giving information on the state of contact  digestion; the inver tase  act ivi ty of an intestinal  homogenate was 
determined,  to ref lect  the total activity of the e n z y m e  in that pa r t i cu la r  region of the intestine;  and the 
ln~crtase activity passing into the solution in which the intest ine was incubated was measu red .  The content 
of reducing sugars  in all  samples was de te rmined  by Nelson 's  method as modified by A. hi. Ugolev. 

The animals were i r radia ted on an RUM-3 apparatus,  with maximal  scat ter tng,  under the following 
conditions: 200 kV, 17 mA, f i l ters  Cu 0.5 mm and Al 1 ram, distance f rom anode to cen te r  of animals  40 
cm, dose rate 55 R/mino The exper iments  were  pe r fo rmed  on the 3rd day a f te r  i r radia t ion ,  i .e . ,  when max-  
imal inhibition of contact digestion was observed  in the i r radia ted,  unprotected animals .  

To prevent  radiation damage to the intestine,  the most  effective radioprotec t ive  substances,  be long-  
ing to different  c lasses  of chemical  compounds and considered to have different  mechanisms  of r ad iop ro -  
teetix~ action, were used. F rom the group of aminothio! compounds the following were  used: f l -mercap to -  
ethylamine (mercamine,  150 m~Jkg), S-f l -aminocthyl isothiouronium (AET, 150 mg kg), and the monosodiurn 
salt of ~-aminoethytthiophosphoric acid (400 mg/kg ) -  a compound with a latent mercapto-group ,  breaktng 
do~'n during hydrolysis  in the body with the format ion of f l -mercaptocthylamine.  F r o m  the group of the 
lndolylalkylamines, serotonin and its near  analog 5-methoxTtryptamine (mexamine, 15 mg/~.g) were  used.  
the  radloprotect ive prepara t ions  were  injected in t raper i toneal ly  15 min before, i r radia t ion .  A combination 
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TABLE 1. Effect  of Some Radiopro tec t ive  Substances on 
Intest inal  I nve r t a se  Act ivi ty  of Rats  I r r ad ia t ed  with X Rays  
in a Dose of 700 R (M~=) 

An[mah 

Unlrradlated 

Irradiated without lxotcction 
P 

Zi1vcrta~ act[YiP ps 
o-T'f~t~ - of de~br 

of mocouJ tinal homo enzyme 
membrane genat~ 

37,9• 2,4 

3,1 • 1,0 
<O,COl 

78,8• 9,0 6,52:1,6 

7,4 ::t: 1,6 ],4+0,8 
<0,001 <O,OOI 

Ia-adiatcd w,/iajcct, of meJc~mi~c 3,3.4 • 4,2 66,2• I !,4 6,5• i ,0 
p ,<0,001 <0,001 <0,01 

Irradlatcd w/injection of AET 18,4__5.1 42,8• 5,0• 
p <0,Ol <0.02 <0,25 

Irradlatcd with injection of 
mono~odlum s.~It of B-amino- 
ethylthiophosphoric acid 20,1 •  39,5• 2,2:1:0,7 
p <0,02 <0,0o2 >0,5 

~radiated with injection of scrotonin 7,{• 1,6 13,9• i,r177 
p <0,05 <0,05 >0,5 

Irradiated w/injectlon of mcxamlne II,2~: 1,8 27,6• 3,3+_0.8 
P ,<0,I <0,001 <0,25 

34.3• 2,9 5,3• 1,0 
<0.00! <0.01 

Irradiated with injection of 
men,odium salt of B-aminoethyl- 
thfophosphorlc acid + reexamine 
P 

2~,4-.+. 3,3 
<0,001 

* I a v e r t a s e  ac t iv i ty  e x p r e s s e d  in mg % of reducing suga r s .  

of the monosodium sal t  of ~-aminoethyl th iophosphor ic  acid in a dose  of 350 m g / k g  and m e x a m I n e  in a dose  
of 10 mg/kg a lso  was  used.  Each p repa ra t ion  was tes ted  on no fewer  than 10 a n i m a l s .  

The rad iopro tec t ive  subs tances  t es ted  all gave a dis t inct  rad ioprotec t ive  effect ,  but one which w ar ied  
in degree  re la t ive  to the in tes t inal  function studied. The highest  degree  of protec t ion  was found when su f fu r -  
conta2ning p r e p a r a t i o n s  were  used.  The m o s t  effect ive compound of this group was f l -mercap toe thy lamine  t 
a f t e r  p rophylac t ic  injection of which the deg ree  of i nve r t a se  acti~qty in the i r rad ia ted  an ima l s  in all  3 v a r i -  
ants  of the e x p e r i m e n t s  was p rac t i ca l l y  indist inguishable f rom that in the un i r rad ia ted  an imals .  The mono-  
sodium sal t  of ~-aminoethyl th iophosphor ic  acid and AET gave a somewhat  s m a l l e r  rad iopro tec t lve  effect .  

The amine  p r o t e c t o r s  sero tonin  and reexamine  w e r e  much weaker  in the i r  p ro tec t ive  act ion on contact  
digest ion than the su l fur -conta in ing  compounds (Table 1). 

Af ter  the combined admin i s t r a t ion  of the monosodlum sa l t  of f l -aminoethyl thiophosphorie  acid and 
reexamine  no s ta t i s t i ca l ly  s ignif icant  d i f fe rences  were  obtained compared  with the r e su l t s  f rom the use  of 
monosodium sa l t  of f l -aminoethyl thlophosphoric  acid alone,  although hydro lys i s  of suc rose  in the b rush  
b o r d e r  was somewhat  higher  in the case  of combined pro tec t ion .  

Since the rad iopro tec t ive  subs tances  p o s s e s s  high pharmaco log ica l  ac t iv i ty  and a r e  used as  a rule in 
s u b t o ~ c  doses ,  e x p e r i m e n t s  w e r e  c a r r i e d  out to study the effect  of some of the r ad iop ro t ec to r s  tes ted  on 
lnve r t a se  ac t iv i ty  of un i r rad ia ted  an ima l s .  F o r  this purpose  r a t s  were  injected ln t raper i tonea l ly  with m e r -  
camine,  AET,  serotonfn,  and reexamine  in rad iopro tec t ive  doses ,  a f t e r  which the i r  contact  digest ion was 
lnvestib~ated on the 3rd day.  

P r e p a r a t i o n s  of the amlnothiol  group were  found to have a marked  inhibitory action on l nve r t a se  a c -  
t ivi ty .  Fo r  instance,  the inve r t a se  act ivi ty  of the homogcnate  f rom an imals  rece iv ing  m e r c a m i n e  was  74% 
of the initial value, fall ing to 47% of i t s  ac t iv i ty  in intact  an imals  in the case  of p r e l i m i n a r y  admin i s t r a t ion  
of AET.  P a r a l l e l  to this, the i n c r e a s e  in reducing subs tances  in solution a f t e r  incubation of the segment  
intest ine was  a l so  s m a l l e r ,  amounth-xg to 75 and 58% of the ini t ial  level  r e spec t ive ly .  
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TABLE 2. Effect  of Cer ta in  Radiopro tec tors  on Intestinal 
Invertase Activity of Unirradiated Rats 

Substance injected 

Metcamlt~ 
control 
experiment 
p 

Invertam activity 
of P, ufacc [of intcstin- I 
of mucot~ [al homo- [~ dcu>rbed 
memb~anc I~:enam enzyme 

37,6• l 184.0• I 9.4+'2,7 28.1• 135.3_+15.6 5.9• 1,6 
<0.5 <0,5 <0,5 

AET 
control 
expezlment 
P 

)v~exami~ 
cocz~'ol 
expcrtment 
P 

5r 
control 
experiment 
P 

37.6• 4,6 
21,8• 
=0.05 

37.6• 4.6 
31.3• 2.4 

<0,5 

58,3• 3,5 
41,6• 

<0,05 

184,0• 18,4 
85.4• 16,7 
<O,Oi 

t84,0• I8,4 
184.3• 6,8 
:>0,5 

93,7• 9,3 
84,1• 

<0,5 

9.4• 2,7 
4,9• l Ji 
<0~ 

9A• 
3,8• 0,4 
<0,25 

11,9• 1,5 
7,6• 1.9 

<0,2 

In con t ras t  to the su l fur -conta in ing compounds,  the rad ioprotec t ive  compo~mds of the amine  group 
e i ther  had no effect  on inve r t a se  act ivi ty (reexamine) or  lowered it only ve ry  sl ightly (serotonin).  Hydro lys i s  
of suc rose  under the influence of lnve r t a se  of the intestinal homogenates  was 100q: v of the control  value on 
t h e  3rd day a f t e r  injection of m e : ~ m i n e ,  compared  with 90% af te r  injection of sero tonin .  It is an in te res t ing  
fact that, despite  complete  preserx, 'ation of inver tase  act ivi ty  in the homogenate,  the inve r t a se  of the s u r -  
face of the mucous m e m b r a n e  hydrolyzed 85% (P < 0.5) of the sucrose  hydrolyzed under the s a m e  conditions 
by the mucous  m e m b r a n e  of the intact  an imals  a f t e r  adminis t ra t ion  of reexamine ,  but only '71% (P < 0.05) 
a f t e r  adminis t ra t ion  of sero tonin  (Table 2). It may  be postulated that serotonLn and, to a l e s s e r  degree ,  
reexamine influence the p r o c e s s  of t rans loca t ion  of the enzyme f rom the cel l  into the b rush  b o r d e r  without, 
ho~-ever, changing the p r o p e r t i e s  of the enzyme i tself .  

The r e su l t s  thus demons t r a t e  that contact  digest ion in the smal l  intest ine of r a t s  can be p ro tec ted  
f rom dis turbance  by i r rad ia t ion  by means  of r ad iopro tec to r s .  The d i f fe rences  d i scovered  between the d e -  
g ree  of rad iopro tec t ive  action of compounds of different  chemical  groups a r e  in a g r e e m e n t  with data in the 
l i t e ra tu re  [1, 13, 20]. 

Compar i son  of the r e s u l t s  given in Tab les  1 and 2 shows that the aminothiol  compounds,  although 
gi~'ing a more  marked  rad iopro tec t ive  effect,  at the same t ime cons iderably  inhibit i nve r t a se  act ivi ty  t h e m -  
se lves  in uni r rad ia ted  an ima l s .  Converse ly ,  p ro t ec to r s  of the amino group t hemse lves  have li t t le influence 
on the inver tase  act ivi ty  of the intest ine,  and prevent  changes in i ts  act ivi ty  during i r rad ia t ion  to a l e s s e r  
degree .  

One poss ib le  reason  for  the phenomena d i scovered  may be d i f fe rences  in the e f fec ts  of the t es ted  
compounds on mitot ic  act ivi ty of the intest inal  epi thel ium. Regarding the aminor~ercaptans  we know that  
they a re  inhibi tors  of cell divis ion [4, 9, 11, 12]. So fa r  as  serotonin is  concerned,  accord ing  to data in tho 
l i t e ra tu re  this p repara t ion  has no effect  on the mitot ic  act ivi ty of the intest ine o r  on i ts  nuc lear  m e t a b o l i s m  
[7, 9]. The dec r ea s e  in mitot ic  ac t iv i ty  of the intestinal  epithel ium at the t ime of i r rad ia t ion  may evident ly  
contr ibute toward the inc rease  in i ts  ~.'adioresistance, and may  be one of the causes  r e spons ib le  for  m a i n -  
tenance of i ts  functions a f t e r  i r r ad ia t ion .  

Meanwhile, since the r ad i op ro t ec t o r s  a r e  pharmacolog ica l ly  ~ g h l y  act ive  compounds,  I t  is  pe r f ec t l y  
conceivable  that the protect ion of the enzyme may take place in other ways,  for  example ,  by in teract ion b e -  
tween the p ro t ec to r  and functional groups of the enzyme with the format ion  of t e m p o r a r y  complexes  p r o t e c t -  
ing it against  the action of f ree  rad ica l s  produced during i r rad ia t ion  [16, 18], and a lso  by i ts  act ion on the 
nervous  and humora l  r egu la to ry  mechan i sms ,  to whose influence enzymic  p r o c e s s e s  a r e  so highly sens i t ive .*  

* The au thors  a r e  gra teful  to F.  Yu. Rachinski i  for  providing the p r e p a r a t i o n s .  
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