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Alterat ions  in the levels  of c A M P  and cGMP after decentral izat ion of the rat super ior  
cervical  gang l ion  z 

H. Deu t sch  z, G. U lmar  a and  H. Cramer  
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21 February 1977 

Summary. After  cu t t ing  the  pregangl ionic  nerve  t r u n k  of the  r a t ' s  super ior  cervical  ganglion, t he  levels of cAMP and 
cGMP were measured  in a pos tope ra t ive  per iod of be tween  3 and  21 days.  Af te r  3 days,  cAMP and  cGMP showed a 
decrease b y  48 and  33% respect ively ,  followed by  a par t ia l  recovery  af ter  7 to 21 days.  

Adenos ine  3', Y-cyclic m o n o p h o s p h a t e  (cAMP) and  
guanosine  3', 5 '-cyclic m o n o p h o s p h a t e  (cGMP) are can-  
d ida tes  for second messengers  in synap t i c  t ransmiss ion  in 
t he  m a m m a l i a n  super ior  cervical  ganglion (SCG)*-~. In  
t h e  rabbi t ,  electr ical  s t imula t ion  of the  pregangl ionic  
nerve  t r u n k  increases ganglionic cAMP levels ~, and  dopa-  
mine  is t he  mos t  p o t e n t  inducer  0f cAMP accumula t ion  
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Fig. 1. cAMP content in the SCG after decentralization, a In pmole/ 
mg ganglion wet weight, c2 Control, B decentralized ganglion, 
*** p < 0.001, * p <0.05. b In percent of control. 

in the  isolated t issue ~. In  the  isolated SCG of the  rat ,  
c A M P  accumula tes  rap id ly  dur ing  incuba t ion  wi th  
fl-adrenergic agonis ts  such as adrenal ine  or no radrena -  
line 5, or w i t h  h i s t amine  s bu t  no t  wi th  dopamine ,  cGMP 
has  been found to increase in r ab b i t  SCG following 
muscar in ic  cholinergic s t imula t ion  9. 
Recen t  expe r imen t s  in our l abora to ry  have  d e m o n s t r a t e d  
u l t r a s t ruc tu ra l  evidence of synap t i c  ac t iva t ion  in adren-  
ergic neurones  of ra t  SCG, c o n c o m i t a n t  w i th  p h a rma-  
cologically induced  increases of cAMP levels 1~ On the  
o the r  hand,  decent ra l iza t ion  of SCG leads to t he  degenera-  
t ion  of mos t  of t he  nerve  t e rmina l s  wi th in  t he  ganglion 
(Ra i sman  et  al .n).  Therefore  i t  appea red  of in te res t  to 
s t u d y  the  concen t ra t ion  of the  2 cyclic nucleot ides  in the  
gangl ion following decentra l iza t ion .  
Material and methods. Male Sprague-Dawley  rats,  
weighing 180-400 g, were anaes the t i zed  wi th  sodium- 
p en t o b a rb i t a l  (40 mg/kg  i.p.). Af te r  expos ing  the  r ight  
ganglion,  the  s y m p a t h e t i c  nerve  t r u n k  was sect ioned 
1-2 m m  below the  caudal  end of the  ganglion.  To p r ev en t  
regenerat ion,  a 5 m m  piece was excised f rom the  nerve  
t r u n k  and  the  s t u m p  was ref lected caudal ly.  As a control ,  
t he  left  gangl ion was exposed dur ing  a sham-opera t ion .  
Af te r  the  chosen  pos topera t ive  in terval ,  va ry ing  f rom 3 
to  21 days,  t he  an imal  was killed and  the  ganglia quickly 
removed,  deshea thed  on ice, weighed and  incuba ted  for 
30 min  in 2 ml  of Krebs -Hense le i t  solut ion (pH 7.4) a t  
37~ under  a gas mix tu re  of 95% O, and  5% CO S. At  t he  
end of t he  incuba t ion  period,  the  ganglia were rap id ly  
homogenized  and  p repared  for r ad io immunoassay  of 
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Fig. 2. cGMP 
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content in the SCG after decentralization, a In pmole[ 
wet weight, cn Control, I n  decentralized ganglion, 
In percent of control. 
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c A M P  a n d  c G M P  in t h e  same t i ssue  sample ,  accord ing  to  
t he  m e t h o d  of Cail la e t  al. ~z, ~. P r o t e i n  was assayed  b y  t h e  
m e t h o d  of L o w r y  e t  al. ~4. 
Results. The  m e a n  level  of c A M P  m e a s u r e d  in SCG of 
s h a m - o p e r a t e d  an im a l s  b y  r a d i o i m m u n o a s s a y  was 1.11 
pmoles  + 0.17 S E M / m g  we t  weight ,  in acco rdance  w i t h  
our  ear l ier  e x p e r i m e n t s  us ing  G i l m a n ' s  p ro t e in  b i n d i n g  
as say  4,5,s. The  m e a n  c G M P  level  was  0.062 pmoles  =t= 
0 .003/mg we t  weight ,  t h u s  be ing  a b o u t  18fold lower t h a n  
c A M P  levels.  3 days  a f t e r  decen t ra l i za t ion ,  a r ap id  decrease  
in c A M P  a n d  c G M P  was  observed ,  c A M P  decreased  to  52 % 
a n d  c G M P  to  67% of t he  c o n t r a l a t e r a l  gangl ion.  Af te r  
21 days  c A M P  r e t u r n e d  to  73.9% and  c G M P  to  78 .2% of 
con t ro l  (figures 1 a n d  2). There  was a s l ight  b u t  s ign i f ican t  
effect  on  t he  gang l ion  w e t  we igh t  3 days  a f te r  d e n e r v a t i o n  
w i t h  a n  increase  to 106.5% followed b y  a decrease  to  
96 .9% a f t e r  21 days .  T he  p r o t e i n  c o n t e n t  showed s imi lar  
changes  w i t h  a decrease  to  80% of con t ro l  14 a n d  21 days  
a f t e r  d e n e r v a t i o n .  Thus ,  w h e n  expressed  as p m o l e / m g  
pro te in ,  c A M P  a n d  c G M P  c o n c e n t r a t i o n s  r e a p p r o a c h e d  
con t ro l  va lues  a f t e r  21 a n d  14 days  respect ive ly .  
Discussion. D e c e n t r a l i z a t i o n  of t he  super ior  cerv ica l  
gang l ion  of t he  r a t  ha s  been  shown  to induce  a r ap id  loss 
of 90% of t he  t o t a l  n u m b e r  of synapses  w i t h i n  24 h of 
sec t ion ing  t he  p regang l ion ic  n e r v e  t r u n k  n .  A s imi la r  
effect  was  f o u n d  a t  t he  synapses  of t he  SIF-cel ls  (small  
i n t ense ly  f luorescen t  cells), w h i c h  are p r e s u m e d  to be  t he  
adrenerg ic  in te rneurof i s  ~s. T he  t i m e  course of t he  decrease  
in c A M P  a n d  c G M P  in our  e x p e r i m e n t s  appea r s  to  cor- 
re la te  w i t h  t h e  u l t r a s t r u c t u r a l  s y n a p t i c  changes  a f t e r  
decen t r a l i za t ion .  
The  p e r m a n e n t  decrease  of c A M P  m a y  be  co r re la t ed  w i t h  
t he  decreased  t u r n o v e r  of n o r a d r e n a l i n e  obse rved  2 weeks  

a f t e r  d e n e r v a t i o n  of r a t  SCG t o g e t h e r  w i t h  an  increased  
t o t a l  c o n t e n t  of n o r a d r e n a l i n e  1% However ,  cyclic nucleo-  
t ide  levels in  t i ssues  are  cons idered  to  ref lect  s t e a d y  s t a t e  
levels of syn thes i s  a n d  degrada t ion ,  a n d  f u r t h e r  in te r -  
p r e t a t i o n s  would  requ i re  m e a s u r e m e n t s  of a c t i v i t y  of the  
respec t ive  enzymes .  T h e  pa r t i a l  r e s t o r a t i o n  of c A M P  
levels a f t e r  7 a n d  21 days  m a y  well  cor re la te  wi th  a l te ra-  
t ions  of a d r e n o c e p t o r  s ens i t i v i t y  k n o w n  to occur  a f te r  
d e n e r v a t i o n  1~. 
The  less m a r k e d  decrease  a f te r  d e c e n t r a l i z a t i o n  a n d  fas te r  
r ecove ry  of c G M P  as c o m p a r e d  to  c A M P  suggests  t h a t  t he  
m e t a b o l i s m  of t he  2 nuc leo t ides  is d i f fe ren t ly  af fec ted  b y  
t he  p rocedure  and  hence  u n d e r  d i f fe ren t  p regangl ion ic  
control .  I t  r e m a i n s  unc l ea r  in  which  cells t he  obse rved  
changes  of cyclic nuc leo t ide  levels  t ake  place.  W e  h a v e  
sugges ted  ear l ier  t h a t  c a t e c h o l a m i n e - l i n k e d  a d e n y l a t e  
cyclase m a y  poss ib ly  be  loca ted  in gangl ionic  sa te l l i te  
cells 5. P r o f o u n d  s t r u c t u r a l  a l t e r a t i ons  of these  cells, in 
a d d i t i o n  to t he  changes  a t  n e u r o n a l  synapses ,  h a v e  been  
shown  to  occur  e a r l y  a f t e r  p regang l ion ic  s y m p a t h e c -  
t o m y  is. 
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An ini t ia l  p h a s i c  d e p o l a r i z a t i o n  ex i s t s  in  the  recep tor  potent ia l  of  tas te  ce l l s  1 
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Summary. W h e n  frog t a s t e  cells were s t i m u l a t e d  b y  v a r y i n g  sal ts  a f t e r  a d a p t a t i o n  to water ,  qu in ine  or  acet ic  acid, 
a phas ic  depo l a r i za t i on  a p p e a r e d  in i t i a l ly  in t h e  r ecep to r  p o t e n t i a l  of t a s t e  cells. The  in i t ia l  t r a n s i e n t  depo la r i za t ion  
m a y  be  r e l a t ed  to  t h e  e n h a n c e m e n t  of a n  in i t ia l  phas ic  response  in t he  t a s t e  nerve .  

W h e n  va r ious  sa l t  so lu t ions  are appl ied  to the  frog tongue ,  
a n  in i t ia l  r a p i d l y  r i s ing d i scharge  ( the phas ic  response)  
fol lowed b y  a s lower  s t e a d y  d ischarge  ( the ton ic  response)  
usua l ly  appea r s  in  t h e  g u s t a t o r y  n e r v e  a. On t h e  o t h e r  
h a n d ,  mic roe lec t rode  s tud ies  of t a s t e  cells 4-7 h a v e  dem-  
o n s t r a t e d  t h a t  depola r iz ing  r ecep to r  p o t e n t i a l s  evoked  
b y  sa l t  s t imu l i  cons i s t  of a su s t a ined  response  h a v i n g  no  
in i t ia l  overshoo t .  Therefore ,  i t  h a s  b e e n  p roposed  t h a t  t h e  
in i t ia l  phas ic  response  in t h e  g u s t a t o r y  n e r v e  m a y  be  
assoc ia ted  w i t h  t he  r a t e  of rise of depo l a r i za t i on  in t he  
t a s t e  cells, whi le  t he  ton ic  response  in t h e  g u s t a t o r y  n e r v e  
m a y  be  r e l a t ed  to  t he  m a g n i t u d e  of s t e a d y  depolar i -  
za t ion  5, ~. 
R e c e n t l y  i t  h a s  been  found  t h a t  t he  m a g n i t u d e  of t h e  
in i t ia l  phas ic  c o m p o n e n t  in  t he  frog g u s t a t o r y  neu ra l  
responses  el ic i ted b y  sa l t  s t imul i  is m a r k e d l y  p o t e n t i a t e d  
b y  a d a p t i n g  t h e  t o n g u e  to  water ,  quinine-HC1 (Q-HCI) or  
acid in  compar i s ion  w i t h  i t  d u r i n g  R i n g e r  a d a p t a t i o n  3, 8. 
Therefore ,  t h e r e  is a poss ib i l i ty  t h a t  t h e  e n h a n c e m e n t  of 
in i t ia l  phas ic  n e u r a l  r e sponse  m i g h t  be  co r re l a t ed  w i t h  t h e  
a p p e a r a n c e  of a n  in i t ia l  phas ic  depo la r i za t ion  in t h e  t a s t e  

r ecep to r  p o t e n t i a l  t h a t  ha s  n o t  been  found  u n d e r  t he  
R inge r  a d a p t a t i o n .  The  pu rpose  of t he  p r e s e n t  s t u d y  is to  
e x a m i n e  th i s  poss ib i l i ty .  
Materials and methods. Bullfrogs,  R a n a  ca t e sbe iana ,  were 
used t h r o u g h o u t  t he  p r e s e n t  expe r imen t s .  The  a n i m a l  
was  a n e s t h e t i z e d  w i th  u r e t h a n e .  E lec t r i ca l  ac t iv i t i e s  of 
whole  g los sopha ryngea l  ne rves  a n d  single t a s t e  cells were 
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