
E F F E C T  O F  R A D I A T I O N  ON M E C H A N I S M  O F  T R A N S M I S S I O N  

O F  E X C I T A T I O N  IN G A N G L I A  O F  T H E  A U T O N O M I C  

N E R V O U S  S Y S T E M  

A .  V .  M t s k h v e t a d z e  a n d  Y u .  P .  P u s h k a r e v  UDC 612.89:612.816.3].014.482 

Local  i r r ad i a t i on  of the s u p e r i o r  ce rv i ca l  and in fe r io r  m e s e n t e r i c  sympathe t ic  ganglia in doses  of 
800-2500 t ad  caused inhibit ion of g a n g l i o n i c t r a n s m i s s i o n  (after i r r ad ia t ion  in a dose of 800 rad a t r ans i en t  
per iod  of fac i l i ta t ion of t r a n s m i s s i o n  ~"as observed) .  The exc i tab i l i ty  of the p resynap t i c  ending's was r e -  
duced,  the exc i tab i l i ty  of the cho! inergic  s t r u c t u r e s  of the ganglion cel ls  to acetylchoIine was lowered ,  the 
cho l ine s t e r a se  ac t iv i ty  of the ganglion t i s sue  was diminished,  and the acetylchol ine concentra t ion  in the 
t i s sue  was i nc r ea sed .  

Var ious  e f fec t s  a r i s i n g  in r e sponse  to whole-body [1, 2, 4, e tc . )  and to local  [3, 5, 8, 10] i r r ad ia t ion  
in the au tonomic  nervous  s y s t e m  of an ima l s  has been desc r ibed .  However ,  only a few r e p o r t s  have deal t  
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with the immedia te  ac t ion  of radia t ion on the sympa the t i c  
ganglion [6, 7], and no a t tempt  has been made to s tudy the 
d i s tu rbances  of the mechan i sm of t r a n s m i s s i o n  of ne rvous  
impu l se s  in the ganglion. 

We have studied the main  s teps  of synapt ic  t r a n s m i s s i o n ,  
including the m e d i a t o r  link, and the functional s ta te  of the 
ganglion cel ls  a f t e r  exposure  of sympathe t i c  ganglia to v a r i -  
ous doses  of local  i r rad ia t ion .  The tes t  objects  were  the 
s u p e r i o r  ce rv i ca l  sympathe t ic  (SCSG) and in fe r io r  s e e  en te r i c  
fIMSG) ganglia of the cat. 

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

Fig.  1. Dynamics  of e l e c t r o p h y s i o -  
logical  c h a r a c t e r i s t i c s  of s u p e r i o r  
ce rv i ca l  sympa the t i c  (SCSG) and in-  
f e r i o r  m e s e n t e r i c  (IMSG) ~ n g l t a  of a 
cat  with an i nc rea se  in the dose  of i r -  
radiat ion.  1) Labil i ty;  2) r e ac t i v i t y  of 
chol inergic  s t r u c t u r e s  of ganglia to 
acety lchol ine;  3) pos tac t iva t ion  poten-- 
tiation; 4) an t id romie  r e s p o n s e s .  Ab-  
s c i s s a :  dose of i r r ad ia t ion  (in r~d), 
ordinate :  changes  (in percent ) .  Inset :  
evoked potent ia ls  of postgangIionic  
f ibe r s  of SCSG (frequency of s~imula-  
t ion 2 0 / s e e ) ;  top cu rve  before  i r r a d i a -  
tion, middle  cu rve  40 s i n  a f t e r  i r r a -  
d!~.tion in. dose of 800 rad; bottom 
curve  40 s i n  a f t e r  i r r ad i a t i on  in dose 
of 2500 tad.  

E x p e r i m e n t s  were  c a r r i e d  out on 30 cats .  The preg 'an-  
glionic t runks  of the SCSG and IMSG were s t imula ted  by 
pu lses  of s u p r a m a x i m a l  s t rengih  and va r i ab le  f requency.  The 
biopotent ia ls  of the postganglionic f ibers  were  r eco rded  for  
20-60 min  a f t e r  the end of i r radia t ion.  The phenomenon of 
pos tac t iva t ion  potentiat ion was used as  the c r i t e r i on  of the 
e x c i t a t o r y  p r o p e r t i e s  of the p resynap t i c  s t r u c t u r e s .  The s ta te  
of the cholinerg}c s t r u c t u r e s  of the ganglion cel ls  was judged 
f r o m  the i r  r eac t ion  to ace~ylcholine (20 #g) which was in-  
jec ted  into the in fe r io r  m e s e n t e r i c  a r t e r y  supplying blood to 
the I~[SG. The initial  value of the e lec t rophys i01o~ca l  c,har- 
ac te r i s t{cs  was taken as 100% and the dynamics  of al l  indices 
e x p r e s s e d  as  r a t io s  of the i r  initial value.  The r e su l t s  of the 
inves t igat ions  were  subjected to s t a t i s t i ca l  ana lys i s  by the 
method of c o r r e l a t e d  s e r i e s .  

P a r a l l e l  to the e lec t rophys io log ica l  inves t iga t ions  the 
content  of acetyichol ine  and the cho l ine s t e r a se  acti~dty of the 
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Fig. 2. Postae t ivat ion potentiat ion in SCSG evoked b y s t i m u l a -  
tion fo r  10 see a t  a f requency  of 3 0 / s e e  Ok), and potentials of 
postganglionic f ibers  of BISG during stimulation of pregangl i -  
onic trunk a t  a f requency  of 4 0 / s e c  (B). In A (from top to bot -  
tom): r e sponses  before  tetanization,  during tetanization, and 
1 and 30 sec a f t e r  end of tetanizat ioa.  I) Before i rradiat ion;  
II) a f t e r  i r rad ia t ion  in dose of 800 rad; HI) a f t e r  i r radia t ion 
in dose of 2500 tad.  In B: a) before  i r radiat ion;  b) a f te r  irra~- 
diation in dose of 2500 tad.  Time f rom beginning of s t imula-  
tion until d ec r ea se  in amplitude by two-thirds  of initial value 
marked  beneath osci l logTams.  

Fig.  3. Bioe lec t r ica l  act ivi ty  of ISLSG af te r  injection of 20 
~g acetylchot ine  into the infer ior  mesen t e r i e  a r t e ry .  1) Con- 
t rol ;  2) 20 min a f t e r  i r radia t ion  in dose of 800 rad; 3) 20 
rain a f t e r  i r rad ia t ion  ia dose of 2500 rad~ Moment. of in jec-  
t ion of acetyichol ine indicated by an  arro.w. 

ganglion t i ssue  were  de te rmined .  The ganglia ~ e r e  removed a f t e r  doses of i r rad ia t ion  of 800, 1200, and 
2500 tad.  Daring investig~ation of the SCSG, the unirradia~ed ganglion on the opposite s.~de was used as con- 
t rol .  The acetylchol ine content in the ganglia ~as  de ,e rmined  by Cors ica ' s  method {-3]; f rog ' s  lungs were 
used as tes t  objects .  Chol iaes te rase  actWity wa~ de%ermined'by po~.entlometr';e t i t rat ion.  

Single local  irr~adiatioa of the ~aag!.ia was ca r r i ed  o~t o~:~ the RUM-11 x - r a y  apparatus  and also by 
means  of f t ' -part ic les  (SNO ~-af~plicator).  
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TABLE 1. Effect  of I r r ad ia t ion  on Acetylchot ine  Content and Cho l ines te rase  Act ivi ty  of Ganglion 

Dose of i r rad ia t ion  

Index Ganglion 800 1200 t ad  2500 Fad 

T i m e  a f m r  i rradia{ion (in rain) 

20 60 20 60 20 60 

Cho i ines te rase  ac t iv i ty  Control  0.64 ~ 0.61 ~= 0.62 ~ 0.60 ~: 0.63 :~ 0.63 
(in p g / g  m o i s t  weight) 0.03 0.02 0.01 0:02 0.03 0.04 

I r r a d i a t e d  0.53 :~ 0.55 ~: 0.52 =~ 0.50 :e 0.47 & 0.43 :~ 
0.02 0.04 0.03 0.04 0.03 0.03 

Acetylchol ine content  Cont ro l  0.32 ~: 0.33 ~ 0.42 ~ 0.38 * 0.13 ~ 0.18 
(in ~ g / g  mo i s t  weight) 0.12 0.12 0.14 0.16 0.09 0.03 

I r r a d i a t e d  1.19 * 1.24 -~ 1.36 =~ 1.44 0.48 ~_ 0.71 ~= 
0.48 0.65 0.32 0.29 0.16 0.14 

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

Ionizing rad ia t ion  caused  defini te changes  in bioelectr ica~ ac t iv i ty  of the =c~anglion f ibe r s .  As  the dose 
of i r r ad ia t ion  i nc r ea sed ,  p r o g r e s s i v e  dep re s s ion  of the spontaneous b ioe lec t r i ca l  ac t iv i ty  of the pos tgangl i -  
Chic nerve  t runks  was obse rved ,  while the ampl i tude  and f requency  of impulses  in the pregangl ionic  nerve  
f ibe r s  r ema ined  unchanged, indicating that  radia t ion af fec ts  sy r~p t ic  t r a n s m i s s i o n  more  than conduction 
along the ne rve  f iber .  

l~Lurked "facilitation of ganglionic t r a n s m i s s i o n  was obse rved  20 rain a f t e r  the end of i r r ad ia t ion  in a 
dose of 800 t ad ,  as  sho~n by an i n c r e a s e  in the ampli tude of the potent ia ls  evoked by submax ima l  s t i m u l a -  
t ion of the pregangl ion ic  ne rve  t runks ,  and a l so  by  an inc rease  in the e x c i ~ b i l i t y  and f requency  c h a r a c t e r i s -  
t ics  of b ioe l ec t r i ca l  ac t iv i ty  of the gangl ia  (Fig. 1). Af te r  this b r i e f  phase  of faci l i ta t ion (10 min),  inhibition 
of ganglionic t r a n s m i s s i o n  was obse rved .  

In the case  o f  i r r ad ia t ion  in a dose  of 1200-2500 tad ,  de te r io ra t ion  of a l l  e l e c t r o p h y s i o t o ~ c a l  indices was ob- 
s e r v e d  invar iab ly  f rom the beginning of record ing .  The exci tabi l i ty  fel l  ( threshold inc reased  f rom 1.26 =~ 
0.3 to 1.58 e 0.26 V, labi l i ty  fell f rom 70-80 to 40-50 p u l s e s / s e c ,  functional s tabi l i ty  fell  by 40%), and the 
s c a t t e r  of the v~iues of the e l ec t rophys io log ica l  c h a r a c t e r i s t i c s  i n c r e a s e d .  Analysi  s of the functional s ta te  
of individual synapt ic  s t r u c t u r e s  r e v e a l e d  a m a r k e d  d e c r e a s e  in the exc i t a to ry  p r o p e r t i e s  of the p r e s y n a p -  
tic endings,  as  shown by weakenin,~ of the pos t - t e t an i c  activation phenomenon (Fig. 2), and a l so  a dec r ea se  in 
exc i tab i l i ty  of the chol inergic  s t r u c t u r e s  o f  the ganglion cel ls  to ace ty!chol ine  (Fig. 3). 

The r e su l t s  of de te rmina t ion  of ace ty lchol ine  and the c h o l i n e s t e r a s e  act ivi ty  ~re  given in Table  1, 
showing that  i r r ad i a t i on  in a dose  of 800-2500 rud i n c r e a s e d  the ace~ylcholine content and d e c r e a s e d  the 
cho l ines t e r a se  ac t iv i ty .  

The r e su l t s  of the e l e c t r o p h y s i o t o ~ c u l  and b iochemica l  in-rest igadons r e v e a l e d  a comPlex  re l a t ion-  
ship be tween ~he va r ious  links of s~_apt ic  t r a n s m i s s i o n  in the au tonomic  ganglion. Within a ce r t a in  dose 
range  inact ivat ion of che l ines~erase  and the i n c r e a s e  in aeetylchol ine  content p robab ly  do not give r i s e  to 
an i m m e d i a ~  and m a r k e d  d~sorg-anlz=~mn of the f inely balanced p r o c e s s  of synaptic t r a n s m i s s i o n .  A f u r -  
the r  i n c r e a s e  in the quanti ty of me ~diator and ie~h!oltion of r eac t iv i ty  of the chot inergie  m e m b r a n e s  of the 
ganglion cel ls  produce  dep re s s ion  of t r e ~ m i s s [ o n  of ner~r impu! se s  t h r o u ~  the autonomic ganglion. 
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