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The  e x p e r i m e n t a l  e v i d e n c e  a c c u m u l a t i n g  d u r i n g  r e c e n t  y e a r s  f r o m  the s tudy of the  m e c h a n i s m s  of 
a c t i on  of r a d i o p r o t e c t i v e  s u b s t a n c e s  has  c o m e  into  conf l i c t  wi th  the  c l a s s i c a l  concep t  of the  u n i f o r m i t y  
of a c t i on  of a l l  r a d i o p r o t e c t i v e  agen t s  at the  m o l e c u l a r  and c e l l u l a r  l e v e l s .  The  r e s u l t s  ob ta ined  show 
tha t ,  un l ike  the  s u l f u r - c o n t a i n i n g  p r e p a r a t i o n s ,  g iv ing  a p r o t e c t i v e  ac t ion  both in vivo and in  v i t r o ,  a m i n e  
p r e p a r a t i o n s  not con ta in ing  SH g r o u p s ,  i n d o l y l a l k y l a m i n e s ,  c a t e c h o l a m i n e s ,  e tc . ) ,  do not exhib i t  a n t i -  
r a d i a t i o n  p r o p e r t i e s  in e x p e r i m e n t s  on i s o l a t e d  c e l l s  and m i c r o o r g a n i s m s  [21, 26, 301. Th i s  f ac t  i s  r e -  
g a r d e d  by  both au tho r s  a s  the  r e s u l t  of the  "oxygen  effect"  - the  c r e a t i o n  of i s c h e m i a  in r a d i o s e n s i t i v e  
o r g a n s  fo l lowing  a d m i n i s t r a t i o n  of a m i n e  p r e p a r a t i o n s  c a p a b l e  of p r o d u c i n g  s p a s m  of the  b lood v e s s e l s  
[5, 6, 18, 20, 221. 

T i s s u e  h y p o x i a  p l a y s  an i m p o r t a n t  r o l e  in the m e c h a n i s m  of the  p r o t e c t i v e  ac t ion  of the  r a d i o p r o -  
t e c t i v e  a m i n e s .  H o w e v e r ,  s o m e  p h a r m a c o l o g i c a l  agen t s  c a us ing  a s i gn i f i c an t  f a l l  in t h e  l e v e l  of pO 2 in 
r a d i o s e n s i t i v e  t i s s u e s  do not  p o s s e s s  p r o t e c t i v e  p r o p e r t i e s ,  and c o m p l e t e  c o r r e l a t i o n  does  not e x i s t  b e -  
tween  the d e g r e e  of hypox i a  and the  d e g r e e  of the  p r o t e c t i v e  ef fec t  [14, 27]. 

In  the p r e s e n t  i n v e s t i g a t i o n  the  ac t ion  of r a d i o p r o t e c t i v e  agen t s  was  s tud ied  on the  c o r n e a ,  in the  
e p i t h e l i u m  of which  the  p r o c e s s e s  of d i v i s i o n  a r e  e x t r e m e l y  r a d i o s e n s i t i v e  [3, 4, 7]. The  high l e v e l  of 
i n n e r v a t i o n  and the  a b s e n c e  of b lood  v e s s e l s  in the  c o r n e a  m a k e  i t  p o s s i b l e  to s tudy  the  p a r t  p l a y e d  by  the 
n e r v o u s  and v a s c u l a r  s y s t e m s  s e p a r a t e l y  in the  m e c h a n i s m  of the  r a d i o p r o t e c t i v e  ac t ion  of the  p r e p a r a t i o n s  . 

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

E x p e r i m e n t s  w e r e  c a r r i e d  out on 90 m a l e  a lb ino  m i c e  weigh ing  f r o m  18 to 20 g. In the  f i r s t  v a r i a n t  
of the  e x p e r i m e n t  the  r a d i o p r o t e c t i v e  agen t s  w e r e  i n s t i l l e d  into the  c o n j u c t i v a l  s ac  30 ra in  b e f o r e  i r r a d i a -  
t ion  in the  m a x i m a l l y  t o l e r a t e d  c o n c e n t r a t i o n :  m e x a m i n e  - 0.007 M, f l - m e r c a p t o e t h y l a m i n e  (BMEA) - 
0.02 M. In the  s e c o n d  v a r i a n t  of the  e x p e r i m e n t s  the  p r e p a r a t i o n s  to  be t e s t e d  w e r e  i n j e c t e d  s u b c u t a n e o u s l y  
in d o s e s  of:  r e e x a m i n e  - 75 m g / k g ,  BMEA - 150 m g / k g .  I r r a d i a t i o n  was  c a r r i e d  out f r o m  a coba l t  s o u r c e  
wi th  a d i s c h a r g e  of 2 kCi  and a dose  r a t e  of 75 R / r a i n .  The  dose  of i r r a d i a t i o n  w a s  100 R. 

The  c o n t r o l  and e x p e r i m e n t a l  m i c e  w e r e  s a c r i f i c e d  3 h a f t e r  i r r a d i a t i o n .  T o t a l  p r e p a r a t i o n s  w e r e  
m a d e  f r o m  the  e p i t h e l i u m  of the  c o r n e a  a f t e r  f ixa t ion  in C a r n o y ' s  f lu id  and s t a i n i n g  wi th  E h r l i c h ' s  h e m a -  
t oxy l in .  The  d e g r e e  of p r o t e c t i o n  of the  c o r n e a  by  the  r a d i o p r o t e c t i v e  agent  was  e s t i m a t e d  f r o m  the  changes  
in m i t o t i c  a c t i v i t y  in the  c o r n e a l  e p i t h e l i u m .  In each  p r e p a r a t i o n  f r o m  100 to  350 f i e l d s  of v i s i o n  w e r e  e x -  
a m i n e d  and the  s t a g e s  of c e l l  d i v i s i o n  r e c o r d e d .  The  m i t o t i c  index was  t aken  as  the  n u m b e r  of m i t o s e s  in 
100 f i e l d s  of v i s ion .  S ince  the  m i t o t i c  a c t i v i t y  of the  c o r n e a l  e p i t h e l i u m  of the  r i g h t  and le f t  e y e s  in t he  
s a m e  a n i m a l ,  o t h e r  cond i t i ons  be ing  equal ,  is  i d e n t i c a l  [11], the  c o r n e a  of  only  one eye  w a s  t a k e n  fo r  
i n v e s t i g a t i o n .  

E X P E R I M E N T A L  R E S U L T S  

When app l i ed  l o c a l l y ,  BMEA was  a much  m o r e  e f f ec t ive  p r e p a r a t i o n  than  the  a m i n o - c o m p o u n d  r e e x -  
a m i n e  (see  the  t ab l e ) .  The  r e s u l t s  of the  s t a t i s t i c a l  a n a l y s i s  of the  m a t e r i a l  show tha t  the  d i f f e r e n c e  b e -  
tween the  v a l u e s  of the  m i t o t i c  index in the  group  of a n i m a l s  p r o t e c t e d  by BMEA, on the  one hand,  and the  
g roup  p r o t e c t e d  by  m e x a m i n e ,  on the  o t h e r  hand,  i s  s i g n i f i c a n t .  The  d i f f e r e n c e  be tween  the m i t o t i c  index 
of the  g roup  of a n i m a l s  p r o t e c t e d  by r e e x a m i n e  and the c o n t r o l  g roup  ( in s t i l l a t i on  of d i s t i l l e d  w a t e r )  i s  
a l s o  s t a t i s t i c a l l y  s i g n i f i c a n t .  
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Effect of Radioprotective Agent 
in a Dose of 100 R (Mean Value 

P r e p a r a t i o n  

Dis t i l l ed  wa te r  
(control) 

Mexamine  

fl - M e r c a p t o -  
e thylamine  

No. of 
an imals  

10 

10 

10 

Local  act ion ( ins t i l led  into 
eonjunct ival  sacs)  

Without 
I r r a d i a t i o n  

i r r a d i a t i o n  

on Mitot ic  Act iv i ty  of Corneal  Epi thel ium of Albino Mice I r r a d i a t e d  
of Mitot ic  Index with Confidence L imi t s  at P = 0.05) 

Cen t ra l  action (subcutaneous 
injection) 

4 . 9 " 0 , 6  
(3.46-6.34) 

7.74-1.3 
(5.3-10.1) 
32.04-2.9 
(25.5-38.5) 

No. of 
animals 

20 

20 

20 

57.6 ~:3.6 
(49.6-65.6) 
64.9•  

(58.0-71.8) 
64.3 J: 4.0 
(55.4-73.2) 

Without 
I r r a d i a t i o n  

i r r a d i a t i o n  

84.1 ~: 9.3 

(63,5-104.7) 
62.0 • 7.3 

(45,7-78,3) 
58.5:L4.7 
(48.0-69.0) 

10.84-1.08 
(8.2-13.0) 
21.0+4.2 

(11.6-30,4) 
7,3 4- 2.1 

(2.8-12.4) 

The subcutaneous in jec t ion  of BMEA had no p ro t ec t i ve  action on the co rnea l  epi the l ium of the albino 
mice .  In con t r a s t  to BMEA, reexamine ,  when in jec ted subcutaneously ,  caused  a s t a t i s t i c a l l y  sig'nificant 
i n c r e a s e  in the mi to t ic  index in the i r r a d i a t e d  an imals  by compar i son  with the cont ro l s  r ece iv ing  d i s t i l l ed  
wa te r  ins tead  of the p ro t ec t i ve  p r e p a r a t i o n .  Bear ing in mind the absence of a va scu l a r  sys t em in the 
co rnea  and the i m p o s s i b i l i t y  of the t e s t ed  agents  having any d i r ec t  action on the nerve  cen te r s  because  
of the sma l l  doses  of the p r e p a r a t i o n s  abso rbed  ~ f rom the conjunctival  s a c s ,  the r e su l t  of  the e x p e r i m e n t s  
of s e r i e s  I can be i n t e r p r e t e d  as  due s t r i c t l y  to the local  action of the p ro t ec t i ve  agents  on the cornea l  
ep i the l ium.  This  conclusion is  in ag reemen t  with data  in the l i t e r a t u r e  concern ing  the mani fes ta t ion  of 
the p ro t ec t ive  p r o p e r t i e s  of r a d i o p r o t e c t i v e  agents containing SH groups  in expe r imen t s  in v i t ro  [2, 10, 16, 
17, 21, 23, 25, 29]. The absence  of a p ro t ec t ive  effect  f rom the loom appl ica t ion  of reexamine  may  be ex -  
p la ined by two l a r g e l y  opposi te  a s sumpt ions .  On the one hand, the r ea son  may be the exclusion of the v a s o -  
c o n s t r i c t o r  act ion of reexamine  in the t i s s u e  containing no blood v e s s e l s ,  and hence, the imposs ib i l i t y  of 
the development  of hypoxic condit ions in it .  On the other  hand, it  may be a s sumed  that reexamine ,  having 
no effect  on the nerve  cen te r s  in th is  va r ian t  of the expe r imen t  (because of the insuff icient  dose  of the 
subs tance  absorbed) ,  does not b r ing  about the co r r e spond ing  r eo rgan iza t i on  of the phys io log ica l  p r o c e s s e s  
in the an imal  body including in the co rnea l  t i s sue ,  capable  of playing an impor tan t  r o l e  in reduc ing  the 
s e v e r i t y  of the rad ia t ion  in jury .  

To t e s t  these  hypotheses ,  the expe r imen t s  of s e r i e s  II were  c a r r i e d  out. Subcutaneous inject ion of 
reexamine  and BMEA c r e a t e d  the e s s e n t i a l  condit ions for  the cen t r a l  action of these  p r e p a r a t i o n s .  It has 
been shown that BMEA p a s s e s  r e a d i l y  through the b lood-b ra in  b a r r i e r  [11, while the indo ly la lky lamines  
subs t i tu ted  in pos i t ion  5 of the indole r ing  (which includes  mexamine) ,  when given p a r e n t e r a l l y ,  in c o m p a r e -  
t ive ly  s m a l l  doses  (15 mg/kg)  cause  marked  d e p r e s s i o n  of the c o r t i c a l  e l e c t r i c a l  ac t iv i ty  of an ima l s  [61. 

Ana lys i s  of the r e s u l t s  obtained in the expe r imen t s  with BMEA showed that this  agent, the leading 
p r e p a r a t i o n  f rom the c l a s s  of su l fu r -con ta in ing  r a d i op r o t e c t i ve  subs tances ,  had no cen t r a l  effect  in the 
expe r imen ta l  condit ions d e s c r i b e d :  the subcutaneous inject ion of the su l fhydry l  compound did not p ro tec t  
the p r o c e s s e s  of cel l  d iv is ion in the r i ch ly  innerva ted  cornea l  epi thel ium agains t  the harmful  action of 
ionizing r ad ia t ion .  However ,  it mus t  be emphas i zed  that in this  va r ian t  of the expe r imen t  the humora l  
component of the pos s ib l e  c en t r a l  action of BMEA, which is ment ioned in the l i t e r a t u r e  [131, was not taken 
into account.  This  question r e q u i r e s  spec i a l  examinat ion .  

In con t r a s t  to BMEA, the indolyIa lkylamine  reexamine  (5-methoxyt ryptamine) ,  when in jec ted  sub-  
cutaneously  (providing condit ions for  development  of the cen t ra l  act ion of th is  p repara t ion)  had a p ro tec t ive  
act ion on the co rnea l  ep i the l ium of the albino mice .  The r e s u l t s  obtained conf i rm exis t ing sugges t ions  [9, 
10, 15, 24] that  the nervous  s y s t e m  may p lay  the dec i s ive  ro l e  in the development  of the p ro tec t ive  p r o p e r -  
t i e s  of the r ad iop ro t ec t i ve  amines .  In fact ,  it i s  diff icult  to imagine  that  in this  va r ian t  of the expe r imen t  
an "oxygen effect" was p r e s e n t ,  and that  the pro tec t ion  obtained following the subcutaneous in jec t ion  of 
mexamine  was a s soc i a t ed  with the c rea t ion  of hypoxia in the cornea .  Even the spasm of the blood v e s s e l s  
c a r r y i n g  blood enr i ched  with oxygen to the eye could not s igni f icant ly  change the leve l  of pC 2 in the corneM 
epi thel ium,  because  in this  ease  the constant  concent ra t ion  of oxygen in the sur rounding  a i r  main ta ins  i ts  
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concentration in the epithelium also. Proof of the absence of a hypoxic state of the corneal epithelium in 
this experiment was given by the fact that the creation of hypoxia in cells causes a sharp and prolonged 
depression of mitotic activity [12], which was not observed in these experiments following injection of 
reexamine without irradiation. Further confirmation of this hypothesis is provided by clinical evidence 
showing that prolonged (for more than 5-6 h) wearing of contact lenses, which prevent the access of oxygen 
from the external environment to the cornea (but do not prevent excretion of oxygen from the body) leads 
to the development of a Sattler's veil in the corneal epithelium [19, 28]. 

It may thus be concluded from these results that, besides a vasoconstrictor component, causing 
hypoxia in radiosensitive organs, a specific nervous component may also be present in the mechanism of 
action of the radioprotective amino-compound reexamine. 

In the variant of the experiments carried out, no evidence was obtained of the presence of a nervous 
component in the mechanism of action of the sulfur-containing radioprotective agent p-mercaptoethylamine. 
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