
1440 Specialia EXPERIENTIA 31/12 

In v i tro  D e m o n s t r a t i o n  of  S e a s o n a l  T r a n s i t i o n  E f f e c t  on Ace ty l cho l ine  L iberat ion  f r o m  

A u e r b a c h ' s  P l e x u s  of  N o n - H i b e r n a t o r  

D u r i n g  an  inves t iga t ion  of t he  possible  role of p ros ta -  
g l and in  E in t he  l i be ra t ion  of ace ty lcho l ine  (ACh) f rom 
ACh  n e u r o n s  of t h e  A u e r b a c h ' s  p lexus  of gu inea-p ig  
i l eum ~, I acc iden ta l ly  d iscovered  t h a t  ACh neu rons  of 
t h e  A u e r b a c h ' s  p lexus  of guinea-p ig  i l eum h a v e  a n  i n n a t e  
sensing m e c h a n i s m  t h r o u g h  wh ich  t h e y  re spond  un ique ly  
to  t he  a p p r o a c h  of t he  s u m m e r  season caus ing  a n  a b r u p t  
rise of the  ACh o u t p u t  t o w a r d s  t he  end  of spr ing.  The  
s u d d e n  rise of t he  ACh o u t p u t  began  3 weeks before  t he  
beg inn ing  of summer ,  r eached  a p e a k  2 weeks pr io r  to  t he  
i n i t i a t i on  of summer ,  and  t h e n  decl ined d u r i n g  t he  re- 
m a i n i n g  2 weeks.  The  resu l t s  of a s t u d y  of t h i s  serendip i -  
tous  f ind ing  are p r e sen t ed  in th i s  art icle.  

Methods. Charles  R i v e r  guinea-pigs  of b o t h  sexes 
275-450 g) were o b t a i n e d  f rom t h e  suppl ier  a t  leas t  
1 week  before  t he  e x p e r i m e n t  began  a n d  were housed  in a 
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Fig. 1. Acetylcholine ouput of Auerbach's plexus of guinea-pig 
ileum at 37~ between April 12 and July 19, 1974. Study period 
divided into weeks with last day of week designated as the time. 
Number within parenthesis is number of animals. 2 or less experi- 
ments per week were not included. 
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Fig. 2. Spontaneous aeetylcholine output of Auerbach's plexus of 
guinea-pig ileum at 37~ and its relation to corresponding atmo- 
spheric temperature (local atmospheric temperature data obtained 
from the United States Climatic Center). Number within parentesis 
is number of animals. Time designation is same as in for Figure 1. 

t e m p e r a t u r e  con t ro l led  room (73 4 - 5 ~  The  smal l  
in tes t ine  was  dissected accord ing  to  t h e  m e t h o d  descr ibed 
p rev ious ly  2. A l t h o u g h  2 a d j a c e n t  s egmen t s  of i l eum f rom 
each  a n i m a l  were used to  p repa re  2 s t r ips  of l ong i tud ina l  
muscle  w i t h  a t t a c h e d  A u e r b a c h ' s  p lexus  (one ac t ing  as 
control ,  t h e  o t h e r  for  d rug  t r e a t m e n t  1) i t  shou ld  be  
cons idered  t h a t  each a n i m a l  on ly  p rov ided  1 t e s t  str ip,  
because  on ly  t he  resu l t s  for cont ro l s  in  some p rev ious ly  
pub l i shed1  a n d  some u n p u b l i s h e d  d a t a  will be p r e sen t ed  
here.  

E a c h  l ong i t ud ina l  muscle  s t r ip  w i t h  a t t a c h e d  Auer-  
b a c h ' s  p l exus  was se t  up  in a smal l  o rgan  b a t h  c o n t a i n i n g  
2 ml  of T y r o d e ' s  so lu t ion  a n d  o x y g e n a t e d  w i th  5 % CO s 
m i x t u r e  a t  37~ The  t i ssue  was s t r e t c h e d  w i th  125 m g  
load a n d  a l lowed to  equ i l ib ra t e  for a b o u t  1 h, a f t e r  
wh ich  t he  e x p e r i m e n t  was  begun.  F o r  d e t e r m i n a t i o n  of 
t he  s p o n t a n e o u s  ACh ou tpu t ,  t he  t i ssue  was i n c u b a t e d  in 
T y r o d e ' s  so lu t ion  c o n t a i n i n g  2 ~xg/ml of physos t i gmine  
su lpha te .  Af te r  30 m i n  of i ncuba t ion ,  t he  b a t h  f luid was 
col lected a n d  s to red  in c rushed  ice for analys is  of t h e  ACh 
c o n t e n t  b y  bioassay,  wh ich  was pe r fo rmed  on t he  same  
day.  Then ,  t h e  t i ssue  w i t h  t h e  o rgan  b a t h  was  r insed  
twice  w i th  f resh T y r o d e ' s  so lu t ion  a n d  r e i n c u b a t e d  in 
Ty rode ' s  so lu t ion  c o n t a i n i n g  2 ~xg/ml of physos t i gmine  
su lpha te .  Th i s  t ime,  t h e  t issue was f i e ld - s t imula ted  a t  
0.3 Hz  w i t h  0.4 msec pulse of s u p r a m a x i m a l  vo l t age  
(which was d e t e r m i n e d  a t  t h e  ou t se t  for each  t i ssue  
based  on t h e  muscle  t en s ion  ampl i tude ,  a pulse r a t e  of 
0.3 Hz  was  used because  p r e l i m i n a r y  e x p e r i m e n t  showed 
no dif ference of the  ACh o u t p u t  be tween  t he  s p o n t a n e o u s  
a n d  t he  0.1 H z  f ie ld-s t imula t ion) .  Af te r  30 rain of incu-  
b a t i o n  a n d  s t imu la t ion ,  t he  b a t h  f luid was col lected 
aga in  a n d  s tored.  The  t i ssue  was b l o t t e d  d ry  and  weighed.  

ACh ana lys i s  was done  on  a n  isola ted gu inea-p ig  i l eum 
us ing  t he  b ioas say  m e t h o d  descr ibed  prev ious ly  ~. Un-  
k n o w n  samples  were b r a c k e t e d  be tween  k n o w n  con-  
c e n t r a t i o n s  of ACh bromide .  ACh b romide  was dissolved 
in T y r o d e ' s  so lu t ion  c o n t a i n i n g  2 ~xg/ml of physos t igmine  
su lpha te .  

Results  and  discussion. ACh o u t p u t  f rom A u e r b a c h ' s  
p lexus  w i t h  a t t a c h e d  long i tud ina l  muscle  of gu inea-p ig  
i l eum was d e t e r m i n e d  be tween  Apri l  12 and  J u l y  19, 
1974. The  m e a n  s p o n t a n e o u s  ACh o u t p u t  increased  
eve ry  week  un t i l  t he  week  t h a t  ended  on  May  31 (Figure 1) 
as c o m p a r e d  w i t h  t h a t  of t he  in i t ia l  per iod  (i.e., t h e  week  
t h a t  ended  on  Apri l  19), b u t  t he  increase  was n o t  s ta t i s t i -  
cal ly s ign i f ican t  (p > 0.05). B e t w e e n  M a y  31 and  J u n e  21, 
however ,  t h e  mean  s p o n t a n e o u s  ACh o u t p u t  increased  
sha rp ly  r each ing  a p e a k  b y  t he  week end ing  on  J u n e  7 
a n d  t h e n  d ropped  a b r u p t l y  r each ing  a m e a n  ACh o u t p u t  
iden t ica l  to  t h a t  of M a y  31 b y  J u n e  21 (Figure  1). E v e n  
t h o u g h  t he  s p o n t a n e o u s  ACh o u t p u t  va lues  for b o t h  
J u n e  7 a n d  14 were h ighe r  t h a n  t h a t  of Apri l  19, on ly  t he  
va lue  for J u n e  7 was s ign i f ican t ly  d i f fe rent  f rom the  
l a t t e r  (p < 0.05). D u r i n g  t he  r e m a i n d e r  of t he  per iod  
(weeks end ing  be tween  J u n e  21 and  J u l y  19; F igure  1), 
t he  s p o n t a n e o u s  ACh o u t p u t  level  did no t  v a r y ;  however ,  
t he  m e a n  ACh o u t p u t  level  was h igher  t h a n  t h a t  of 
Apri l  19, b u t  t he  difference was n o t  s igni f icant  (p > 0.05). 

A l t h o u g h  t h e  s p o n t a n e o u s  ACh o u t p u t  for  J u n e  7 
was s ign i f i can t ly  d i f fe ren t  (p < 0.05) f rom t h a t  of Apri l  
19 (Figure 1), t h i s  seemed,  a t  first,  t o  be  mere ly  coinci- 
denta l .  However ,  t he  ACh o u t p u t  in response  to  field- 

1 j .  HAZRA, Experientia 31, 565 (1975). 
2 W. D. M. PATON and E. S. VIzi, Br. J. Pharmac. 35, 10 (1969). 
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s t imu la t ion ,  d e t e r m i n e d  f rom t he  same t i ssue  samples ,  
m a k e s  a mere  coincidence  m o s t  unl ikely.  Because  t he  
f i e ld - s t imula ted  ACh o u t p u t  showed also a s imi lar  
increase  d u r i n g  t h a t  t ime  per iod  (Figure 1). I n  fact ,  t h e  
va lue  of t he  f i e ld - s t imula ted  ACh o u t p u t  t h a t  differed 
s ign i f i can t ly  (p < 0.05) f rom t h a t  of Apr i l  19 was found  
on ly  in t he  week end ing  on  J u n e  7. Thus ,  an  increase  of t he  
s p o n t a n e o u s  ACh o u t p u t  in  o the r  words,  a n  increase  of 
ACh n e u r o n a l  a c t i v i t y  of the  A u e r b a c h ' s  p lexus  du r ing  
t he  week  end ing  on  J u n e  7 in c o m p a r i s o n  w i t h  t h a t  of 
Apri l  19 (Figure 1) is real.  Because  t h e  week  end ing  
J u n e  7 was 2 weeks pr io r  to  t he  beg inn ing  of s u m m e r  
1974 and  because  t h e  ACh o u t p u t  was  no t  re la ted  to 
k n o w n  geophysica l  effect, e.g., t e m p e r a t u r e  (Figure  2), 
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Fig. 3. Weekly data of Figure 1 and those tha t  were exetuded f rom 
Figure 1 composited and plotted on the basis of biweeks (A) and 
triweeks (B). Mean atnmspheric temperature of each triweek period 
is also shown in (B). Number within parenthesis is number of animals. 

i t  is l ikely t h a t  these  neu rons  on one h a n d  r e t a ined  some 
c o m m o n  genet ic  c o m p o n e n t  in  spi te  of e v o l u t i o n a r y  
changes ,  on  t he  o t h e r  r e spond  to t he  a p p r o a c h  of s u m m e r  
w i th  a t r a n s i e n t  o u t b u r s t  of ac t iv i ty ,  a l t h o u g h  t he  guinea-  
pig is a n o n - h i b e r n a t o r  3. 

This  f ind ing  is un ique ;  t he re  is no  pub l i shed  r e p o r t  on  
a n y  n e u r o t r a n s m i t t e r  o u t p u t  change  of t h i s  p a t t e r n  
e i the r  in a h i b e r n a t o r  or a n o n - h i b e r n a t o r .  The re  is, 
however ,  a pub l i shed  r epo r t  on seasonal  v a r i a t i o n  of t h e  
ACh o u t p u t  f rom b r a i n  d u r i n g  s leeping a n d  w a k i n g  in a 
n o n - h i b e r n a t o r .  1V~ONNIER a n d  HERKERT 4 obse rved  t h a t  
t h e  ACh o u t p u t  f rom the  r a b b i t  b r a i n  va r i ed  accord ing  
to  t he  season  and  t h a t  t he re  was a good cor re la t ion  
be tween  t he  ACh o u t p u t  a n d  t he  ex t e rna l  da i ly  t e m p e r a -  
ture,  a p a r a m e t e r  of seasonal  cond i t ion  used b y  these  
researchers .  Because  t he  over-a l l  s p o n t a n e o u s  ACh 
o u t p u t  f rom the  A u e r b a e h ' s  p l exus  of gu inea-p ig  i l eum 
showed no  re la t ion  to  t h e  ex t e rna l  dai ly  t e m p e r a t u r e  
(Figure 2), a n d  because  t he  spon t aneous  ACh o u t p u t  
showed no change  dur ing  the  s u m m e r  (Figures 1 a n d  2; 
s u m m e r  began  J u n e  21 accord ing  to the  U n i t e d  S ta te s  
Cl imat ic  Center) ,  i t  is a p p a r e n t  t h a t  ACh n e u r o n s  of t he  
A u e r b a c h ' s  p lexus  f rom these  guinea-pigs  r e sponded  
only  to  t he  seasonal  t r a n s i t i o n  f rom the  spr ing  to t he  
summer .  To d e m o n s t r a t e  th i s  t r a n s i t i o n a l  reac t ion ,  t he  
weekly o u t p u t  d a t a  was composed  and  p lo t t ed  in F igure  
3 on a b iweekly  (3A) a n d  a t r iweek ly  (3B) basis.  As can  
be  seen, t he re  is a l inear  rise of t he  s p o n t a n e o u s  ACh 
o u t p u t  up  to 2 weeks (3A) or 1 week (3B) before  t he  
beg inn ing  of summer .  Again,  b o t h  po in t s  are s ign i f i can t ly  
d i f fe rent  (p < 0.05) f rom t h a t  of the  co r r e spond ing  
ini t ia l  point .  Moreover ,  such  a para l le l i sm b e t w e e n  t he  
spon t aneous  and  t he  f i e ld -s t imula ted  curves  of ACh 
o u t p u t  (3B) is dif f icul t  to  reconcile  as an  e p i p h e n o m e n o n .  
Thus,  d a t a  p resen ted ,  sugges t  t he  exis tence  of a seasonal  
t r a n s i t i o n  effect  on ACh ou tpu t .  W h e t h e r  t h i s  seasonal  
t r ans i t i on  response  is c o m m o n  to all b reeds  of gu inea-p igs  
and  w h e t h e r  i t  var ies  f rom yea r  to  yea r  are ques t ions  ye t  
to  be resolved.  

Summary.  Acety lcho l ine  release f rom A u e r b a c h ' s  
p lexus  of guinea-p ig  i leum, in vi t ro ,  b o t h  spontanco=~:; 
and  evoked  b y  f ie ld-s t imula t ion ,  responds  to t he  seasonal  
t r a n s i t i o n  f rom the  spr ing  to close to t he  b e g i n n i n g  of 
summer .  I t  d id  no t  change  d u r i n g  the  summer ,  however ,  
t e n d e d  to be h igher  t h a n  du r ing  the  in i t ia l  per iod  (3 weeks  
af te r  t he  b e g i n n i n g  of spring).  
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An E v a l u a t i o n  of A p o m o r p h i n e  Act ion  on  D o p a m i n e r g i c  R e c e p t o r s  

A large n u m b e r  of behav ioura l ,  b iochemica l  a n d  
e lec t rophysio logica l  s tud ies  p rov ide  cons iderab le  evi- 
dence  to  p rove  t h a t  a p o m o r p h i n e  ha s  a d i rec t  ac t ion  on  
cen t r a l  dopamine rg ic  receptors .  Thus ,  a p o m o r p h i n e  
induced  decreased  d o p a m i n e  t u r n o v e r  in  corpus  s t r i a t u m  1, 
modi f ied  s t e reo type  b e h a v i o u r  in 6 - O H D A - t r e a t e d  rats2, 
peck ing  response  in p igeons  a and  gnawing  b e h a v i o r  in 

r a t s  4 are r epo r t ed  to  be  a d i r ec t  effect  of t h e  d r u g  on  t h e  
dopamine rg i c  neu rones  of CNS. 

1 M. FEKETE, A. M. I~URTI a n d  I. PRIBUSZ, J .  P h a r m .  P h a r m a c .  22, 
377 (1970). 
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