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MECHANISMS OF INHIBITION OF 

IN THE SYMPATHETIC GANGLIA 

D I A B E T E S  

Y u .  P .  P u s h k a r e v  

SYNAPTIC TRANSMISSION 

OF RATS WITH A L L O X A N  

UDC 612: 891:616.379-008.64 

In emperiments on isolated cranial sympathetic ganglia of rats  with alloxan diabetes the pre- 
ganglionic nerve was stimulated and combined presynaptic action potentials (APs) and EPSPs 
of neurons of the ganglion were recorded. In rats  with moderately severe alloxan diabetes 
progressive depression of rhythmic APs of the ganglion correlated completely with inhibition 
of the excitatory power of the presynaptic endings, i.e., with a decrease in the liberation of 
mediator and exhaustion of its operative fraction. In rats  with the severe form of diabetes 
postsynaptic inhibition of neurons of the ganglion also was observed. The dynamic character- 
istics of conversions of the mediator, assessed on the basis of examination of posttetanic po- 
tentiation patterns, showed a very small change in the output of mediator but a substantial (by 
38%) depression of replenishment of the mediator reserves  per second compared with the con- 
trol. 

KEY WORDS: synaptic ganglion; synaptic transmission; alloxan diabetes. 

Diabetes mellitus causes severe disturbances of the activity of the central and peripheral nervous 
system [2-4, 7, 8, 12, 13], including the autonomic division. In this disease degenerative changes are found 
in the lateral horns of the spinal cord and in the  autonomic ganglia [2, 8, 12], and these must inevitably cause 
changes in the functional properties of these formations. However, no detailed investigation of the function 
of such important centers as the sympathetic ganglia has yet been carried out in diabetes. 

This paper gives the results  of an investigation of the function of the synaptic structures of the cranial 
cervical sympathetic ganglion (CCSG) of rats  with alloxan diabetes. 

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

Experiments were carried out on 31 Wistar rats  weighing 150-250 g. To obtain diabetes the rats  were 
given a subcutaneous injection of alloxan in a dose of 17-50 rag/100 g body weight [9]. The blood sugar con- 
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Fig .  1. Spike d i scha rge  f r o m  CCSG of control  r a t  (A), r a t  with modera te ly  
s e v e r e  (B; blood suga r  210 rag%}, and with s e v e r e  ~lloxan diabetes  (C; blood 
sugar  395 rag%). 1) Or thodromic  potent ia ls  in r e s p o n s e  to s t imulat ion of p r e -  
ganglionic n e r v e  and f requency  of 15 Hz; act ivi ty  of CCSG during dep res s ion  
of homosynapt ic  A P s .  Pos t t e t an ic  potent ia t ion to t es t ing  s t imulat ion of p r e -  
ganglionic n e r v e  a t  1 Hz,  conditioning s t imula t ion  40 Hz, 10 sec;  3) an t id romic  
potent ia ls  dur ing s t imula t ion  of postgangl ionic  n e r v e  a t  60 Hz; 4} he te rosynap t ic  
po ten t ia l s  dur ing s t imula t ion  of pregangl ionic  n e r v e  at  10 Hz; 5) r e s p o n s e  of  
ganglion to s tandard  dose  (50/~g} of acetylchol ine .  T i m e  of applicat ion indi- 
cated by a r r o w .  Calibration= ampl i tude 150/~V (1, 2}, 200/~V (3, 4}, and 
30 #V (5); t i m e  0.06 sec  (1), 1 sec  (2, 5}, and 0.1 sec  (3, 4}. 

cen t ra t ion  was  de t e rmined  by  the  S o m o g y i - N e l s o n  method.  Seven an ima l s  not r ece iv ing  al loxan se rved  as  the 
cont ro l .  The  15 r a t s  with signs of wasting,  g lucose u rea ,  and hype rg lycemia  (blood suga r  150-250 rag%, 1-5 
weeks  a f t e r  inject ion of atloxan) w e r e  c l a s sed  in the group wi th  m o d e r a t e l y  s e v e r e  d iabetes ,  and 9 r a t s  were  
c l a s sed  in the group with s e v e r e  d iabe tes  (blood sugar  250-460 mg%, 5-20 weeks  a f t e r  injection of alloxan}. 

B i la te ra l  ex t i rpa t ion  of CCSG was c a r r i e d  out under  pentobarbi ta l  anes thes ia  (50 m g / k g ,  intraper i toneal ly}.  
The CCSG p r e p a r a t i o n s  were  p laced in a bath containing K r e b s '  solution at  35-38°C. Suction pipets  were  used  
to s t imula te  the pregangl ionic  ne rve  and to r e c o r d  the potent ia ls  of the ganglion. In r e sponse  to s t imulat ion 
of the pregangl ionic  ne rve  of m e a s u r e d  s t rength and f requency  (duration of s t imul i  0.1 msec)  action potent ials  
(APs) of CCSG were  r eco rded ,  and a f te r  del icate  cu ra r i za t ion  (10-4-10-5M D-tubocurar ine)  the combined p r e -  
sy~aptic  AP and EPSP of the CCSG neurons  also were  r e c o r d e d  [11]. 

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

In a s e r i e s  of expe r imen t s  the  th resho ld  of appearance  of the ganglionic AP in the diabetic animal was 
r a t h e r  higher  than in the control  r a t s .  However ,  the cons iderable  s ca t t e r  of th is  cha rac t e r i s t i c  prevented  this  
fac t  f r o m  being s ta t i s t i ca l ly  signif icant .  

During repe t i t ive  ac t ivat ion of the highly exci table  B 1 group of f ibers ,  and also during sup ramax ima l  
s t imulat ion,  involving l e s s  exci table  B 2 and C groups  of f i b e r s  in the  r e sponse ,  depress ion  of the ganglionic 
r e s p o n s e s  in the diabetic r a t s  was obse rved  at  lower  f requenc ies  and developed m o r e  rap id ly  than in healthy 
an ima l s .  A propor t iona l  d e c r e a s e  in the ampli tude of AP and the combined p resynap t ic  AP and EPSP of the 
CCSG neuron was obse rved .  By the use  of s eve ra l  expe r imen ta l  methods  [1, 5, 14] the "bot t leneck" respons ib le  
fo r  the p r o g r e s s i v e  inhibition of synapt ic  t r a n s m i s s i o n  in CCSG of the diabet ic  an ima l s  was de te rmined .  

The  r e c o r d  shown in Fig .  1, curve  1 r ev ea l ed  dep re s s ion  of the r e g u l a r  o r thodromic  r e s p o n s e s  of CCSG 
of the heal thy r a t ,  an an imal  with mode ra t e ly  s eve re  d iabetes ,  and an animal  with s eve re  and prolonged dia-  
be t e s .  C lea r ly  aga ins t  the background of m a r k e d  depress ion  of o r thodromic  r e s p o n s e s  in the p resence  of 
m a r k e d  d iabetes ,  APs  of CCSG evoked by an t id romic  and he te rosynap t i c  s t imulat ion (Fig. 1: cu rves  3, 4) 
were  a lmos t  unchanged. The  r e s p o n s e  o f thc  e h e m o - r e a c t i v e  s t ruc tu re  of CCSG to acetylchol ine was substan-  
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Fig .  2. Curves  of depress ion  of pos t te tanic  
potentiat ion of ampli tude of APs  of CCSG 
in control  r a t s  (1) and an ima l s  with mod-  
e r a t e l y  s ev e re  aUoxan d iabetes  (2). Ab-  
sc i s sa ,  No. of  consecut ive  s e r i e s  of pos t -  
te tan ic  potentiat ion (each s e r i e s  consis ted  
of a per iod  of conditioning s t imulat ion with 
a f requency of 30 I-Iz, las t ing  110 sec,  and a 
tes t ing  per iod  las t ing  (10 sec),  during which 
s t imulat ion was applied with a f requency 
of 1 Hz; ordinate ,  ampli tude of APs  of CCSG 
in pe rcen t  of  initial  s e r i e s  of pos t te tanic  
potentiat ion (averaged ampli tude of 5 l a s t  
APs  of t e s t  per iod,  in loga r i thmic  units) .  
Ver t ical  l ines  r e p r e s e n t  confidence l imi t s  
of m eans .  

t iaUy inhibited only in s eve re  d iabetes  (Fig. 1: curve  5). As r e g a r d s  pos t te tanic  potentiat ion of the r e s p o n s e s  - 
an index of the eff ic iency of the m e c h a n i s m  of media to r  secret ion,  its intensity was reduced  in modera t e ly  
s e v e r e  and, in pa r t i cu la r ,  in s eve re  d iabetes .  

The  c h a r a c t e r i s t i c s  of the va r ious  s tages  of synaptic  t r a n s m i s s i o n  thus obtained suggested that  p r o g r e s -  
s ive depress ion  of the rhy thmic  APs  of CCSG of an imals  with modera te ly  s eve re  aUoxan diabetes  is connected 
on the whole with a d is turbance  of the function of the p resynap t ic  fo rma t ions .  In an ima l s  with prolonged and 
s e v e r e  d iabetes  th is  dep res s ion  was  also explained by pos tsynapt ic  inhibition, evidently connected with wor -  
sening of the  s ta te  of the  ganglionic neurons  and a lowering of the reac t iv i ty  of the chol inergic  fo rmat ions  of 
the neurons  to acetylchol ine .  

D i s tu rbances  of the synaptic function of CCSG in an ima l s  with modera t e ly  s e v e r e  d iabetes  during the 
conduction of r e g u l a r  impulses  m a y  be due to a d e c r e a s e  in the output of med ia to r  in r e sponse  to each p r e -  
Synaptic volley as  the r e s u l t  of the ease  with which the opera t ive  f rac t ion  of acetylchol ine is exhausted.  To 
a s s e s s  the dynamic c h a r a c t e r i s t i c s  of med ia to r  output pe r  impulse  a ,  and the  r ep len i shmen t  of i ts  r e s e r v e s  
p e r  second k, as f rac t ions  of avai lab le  m ed i a to r  in the population of p resynap t i c  endings, the method desc r ibed  
prev ious ly  [5, 14] was used.  The bas ic  assumpt ion  was l inea r i ty  of the  re la t ions  between input and output 
of  the sys t em,  so tha t  the ampl i tude of the pos tsynapt ic  r e sponse  of CCSG in the cour se  of repe t i t ive  s t imula -  
t ion could be used  as  a m e a s u r e  of med ia to r  sec re t ion .  T e s t  r e s p o n s e s  to pregangl ionic  s t imulat ion with a 
f requency  of 1 Hz were  r e c o r d e d  during the 10 sec a f t e r  r epea t ed  s e r i e s  of s t imulat ion of the pregangl ionic  
ne rve  fo r  110 sec at  a f requency of 30-40 Hz.  

Curves  descr ib ing  depress ion  of s tandardized values  of r e s p o n s e s  of CCSG in the course  of consecut ive 
s e r i e s  of pos t te tanic  potentiation, close to exponential in cha rac t e r ,  we re  s t e epe r  in al loxan diabetes  and 
f lat tened out on a pla teau para l le l  to the a b s c i s s a  at a lower  level  than in control  expe r imen t s  (Fig. 2). 

The values  of a and k obtained by ana lys i s  of these  cu rves  point to m a r k e d  dep res s ion  of med i a to r  p r o -  
duction in an ima l s  with modera t e ly  s e v e r e  d iabetes  (on ave rage  by 38% compared  with the control),  which mus t  
lead to rap id  exhaust ion of the med ia to r .  Meanwhile,  s ec re t ion  of the med ia to r  was substant ia l ly  unchanged. 
S imi la r  changes in the kinet ics  of med ia to r  me tabo l i sm  have been obse rved  during the initial per iod of deep-  
ening insulin hypoglycemia  and acute hypoxia [6], and they a r e  comparab le  with the c h a r a c t e r i s t i c s  of med ia to r  
m e t a b o l i s m  obtained in CCSG per fus ion  expe r imen t s  [10]. 
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ACTION OF PROSTAGLANDINS E i AND E 2 ON THE INTERNAL 

CAROTID ARTERY 

G .  I .  M c h e d l i s h v i l i  a n d  L .  G .  O r m o t s a d z e  UDC 616.133.3- 009.12-092.9- 02: 577. 
175.859 

In exper iments  on the internal  carot id  a r t e r y  of a dog isolated f rom the r e s t  of the circulation,  
the following ef fec ts  of prostaglandins  (PG) E 1 and E 2 were  d iscovered .  PG E l caused e i ther  a 
cons t r i c to r  o r  a d i la tor  effect  with habituation during repea ted  exposures ,  whereas  PG E 2 had 
only a cons t r i c to r  effect  without any habituation. The duration of the effects  of PG E 2, espe-  
cial ly re laxat ion,  was much longer  than that  of the effects  of serotonin;  res idual  contract ion 
of the vascular  smooth musc l e s  was frequent ly  observed;  PG E 1 and PG E 2 potentiated the 
effects  of serotonin and often of noradrenal in .  

KEY WORDS: angiospasm; prostaglandins;  internal  carot id  a r te ry ;  serotonin;  smooth musc les  
of  blood ve s se l s .  

In the a r t e r i a l  sys tem of the bra in  the mos t  typical  s i tes  for  the onset  of spasm a r e  the la rge  a r t e r i e s  
and, in pa r t i cu la r ,  the internal  carot id  a r t e r i e s  [2]; for  that  r e a s o n  investigations of the pathophysiological 
mechan i sms  of development  of angiospasm are  bes t  c a r r i e d  out on these  vesse l s .  In the las t  decade the 
var ious  prostaglandins (PG) have a t t rac ted  considerable  attention of invest igators  because of the i r  possible 
r o l e  in the development  of spasm of the ce reb ra l  a r t e r i e s  [9, 12, 13]. PG may  have a d i r ec t  action on the 
smooth musc les  of a r t e r i e s ,  by penetrat ing into t h e i r  wall f rom the blood or  f rom the medium surrounding 
the vesse l ,  or  if synthesized within the vesse l  wall i tself .  

The  object  of this  invest igat ion was to study the action of PG E 1 and E 2 on the internal  carot id  a r t e r y  
of the dog, isolated f rom the r e s t  of  the circulation;  the work was a fu r the r  development  of the w r ~ e r s '  studies 
of the ro l e  of these  physiological ly active substances in the development  of pathological constr ict ion,  i .e. ,  of 
angiospasm, in the bra in  [5]. 
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