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The c h a r a c t e r  of exc re t ion  of neu t ra l  red a f t e r  va r ious  types of vagal  denerva t ion  of the 
s tomach  and dur ing insulin s t imula t ion  of g a s t r i c  s e c r e t i o n  was s tudied in acute e x p e r i -  
ments  on 24 dogs.  Dif ferences  in the functions of b ranches  of the vagus ne rves  d i s t r ibu ted  
in the s tomach  wall  were  d i s cove red .  

C l a s s i c a l  ana tomica l  data indicat ing the p r e s e n c e  of widely anas tomos ing  nervous  p l exuses ,  v iz . ,  
s u b s e r o u s ,  i n t e r m u s c u l a r ,  and submucous [1], have given r i s e  to the idea that  impulses  along a l l  b ranches  
of the vagus nerve  can affect  the whole mucous membrane .  This  view has been  conf i rmed by c l in ica l  ob- 
s e rva t ions  of diff icul ty  or  even imposs ib i l i t y  of obtaining total  vagal  denerva t ion  of the s tomach.  How- 
eve r ,  many obse rva t ions  on pa t ien ts  show that  b locking the p a r a s y m p a t h e t i c  innervat ion  of the s tomach  
causes  a marked  d e c r e a s e  in acid  g a s t r i c  s ec re t i on ,  with heal ing of g a s t r i c  and duodenal u l c e r s .  P r e s -  
e rva t ion  of the in tegr i ty  of the s tomach  as  an organ  under  these  c i r c u m s t a n c e s  makes  vagotomy a more  
spa r ing  opera t ion  then r e s e c t i o n  of the s tomach and g a s t r e c t o m y .  

However,  the i n c r e a s i n g  use of vagotomy in the t r e a t m e n t  of pept ic  u l c e r  has been  de layed by a 
number  of unsolved p rob lems~  The more  impor tan t  of these  a r e  as fol lows.  1) At what level  must  the 
vagus nerve be divided,  and what type of vagotomy is p r e f e r a b l e  (total o r  se lec t ive)  ? 2) What is the r e a -  
son for d i f fe rences  in the ef fec ts  of incomple te  vago tomy?  3) Is it  pos s ib l e  to make abso lu te ly  su re  dur ing 
the operation that the vagotomy will be sufficiently complete a~d effective ? The experimental and clinical 

solution of all these problems is clearly impossible without precise knowledge of the anatomy and physiol- 
ogy of the parasympathetic innervation of the stomach. 

The present investigation was carried out to study the parasympathetic innervation of the stomach. 

EXPERIMENTAL METHOD 

The experimental animals were 24 dogs of both sexes and different ages, weighing from 2 to 15 kg, 

deprived of food for 20-24 h before the experiment. Under general anesthesia (morphine, thiopental sod- 

ium) laparotomy was performed through an upper midline incision. The vagus nerve was divided at dif- 

ferent levels depending on the aim of the experiment, and different degrees of denervation of the stomach 

were achieved. Depending on the level and type of vagotomy, the experiments were subdivided as follows: 
division of the left vagal nerve trunk, 6 cases (Nos. 3-8); division of the right vagal nerve trunk, 5 cases 

(Nos. 9-13); selective gastric vagotomy with preservation of one gastric terminal, 6 cases (Nos. 14-19), 

selective gastric vagotomy with preservation of two adjacent terminals, 5 cases (Nos. 20-24). Two ani- 

mals in which the vagus nerve was not divided served as the control (cases Nos. 1 and 2). 

After division of the branches of the vagus nerve, the stomach was brought up into the wound as far 

as possible and opened along the greater curvature in order to preserve the nerve branches running along 
the lesser curvature, and to interfere as little as possible with the blood supply to the organ. Bleeding 

vessels were tied, and the stomach was straightened out with holding forceps. The mucous membrane was 

Depar tment  of Opera t ive  Su rge ry  and Topographica l  Anatomy,  S tavropol '  Medica l  Ins t i tu te .  ( P r e -  
sented by Academic i an  of the Academy of Medical  Sciences  of the USSR A. P. Avtsyn.) T r a n s l a t e d  f rom 
Byul le ten '  E k s p e r i m e n t a l ' n o i  Biologi i  i Medi ts iny,  Vol. 71, No. 4, pp. 27-30,  Apr i l ,  1971. Or ig ina l  a r t i c l e  
submi t ted  June 9, 1970. 

�9 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

373 



! 2 

3 

5 6 

Fig.  1. Dog's  s tomach:  p r i m a r y  
s e c r e t o r y  r e sponse  in cont ro l  and 
a f t e r  d iv is ion of main  t runk of 
vagus nerve .  Explanation in text .  
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Fig.  2. Dog's  s tomach:  p r i m a r y  
s e c r e t o r y  r e sponse  a f te r  vago-  
tomy with one and two t e r m i n a l  
g a s t r i c  b r anches  left  intact .  Ex-  
planat ion in text .  

ca re fu l ly  f reed f rom contents .  To s t imula te  the ga s t r i c  glands along the vagus n e r v e s ,  insul in  was in-  
j ec ted  into the an imal  in a dose  of 1.5 un i t s / kg  body weight,  the dose n o r m a l l y  used  to study the vagal  
phase  of ga s t r i c  s e c r e t i o n  in dogs [2]. At the s ame  t ime ,  10-20 ml  (depending on the weight of the animal) 
of 2% neu t ra l  r ed  solut ion was injected.  Insul in s t imula t ion  was p r e f e r r e d  to e l e c t r i c a l  because  of the 
extensive use  of insul in in c l in ica l  p r a c t i c e ,  and a lso  because  a f t e r  insul in  s t imula t ion ,  unl ike e l e c t r i c a l ,  
spontaneous g a s t r i c  s ec r e t i on  is absent ,  even in ca ses  of incomplete  vagotomy.  

To de t e rmine  the s e c r e t o r y  zones of the ga s t r i c  mucosa ,  the method of ch romoscopy  was used .  
Innervated  a r e a s  of the mucosa  were  de t e rmined  v i sua l ly  by examining the excre t ion  of neu t ra l  r ed ,  for  
the dye is  e l imina ted  in the pe r iod  of s e c r e t o r y  ac t iv i ty  of the g a s t r i c  glands [2-4]. 

Every  5-7 rain, f i l t e r  p a p e r  was appl ied to the mucous m e m b r a n e ,  and to p reven t  the dye f r o m  
sp read ing ,  the sheets  were  at once d r i ed  over  the f lame of a b u r n e r .  By this method the beginning of ex-  
c re t ion  of the dye could be de t e rmined  p r e c i s e l y  and the b o r d e r s  of the s e c r e t o r y  zones a c c u r a t e l y  r e -  
corded .  An idea was obtained of the t rue  zone of g a s t r i c  mucosa  s e c r e t i n g  the dye,  and i ts  a r e a  could be 
m e a s u r e d .  The concent ra t ion  of dye e l imina ted  could be e s t ima ted  r ea sonab ly  a c c u r a t e l y  f rom the in ten-  
s i ty  of s ta ining of the pape r .  In some expe r i m e n t s ,  us ing u n i v e r s a l  ind ica to r  pape r ,  the pH of the medium 
was m e a s u r e d  in di f ferent  p a r t s  of the g a s t r i c  mucosa .  The dura t ion  of the inves t iga t ion  did not exceed 
3 h. The t ime when e l imina t ion  of dye began (the p r i m a r y  s e c r e t o r y  response)  and the t ime of the gen- 
e r a l i z e d  r e sponse  were  r e c o r d e d .  The f i r s t  of these  t imes  re f lec ted  the d i r e c t  vagal  s ec re t i on ,  the s e c -  
ond the beginning of the hormonal  (humoral) phase  of g a s t r i c  s ec re t ion .  

EXPERIMENTAL RESULTS 

In 2 dogs (cases  Nos.  1 and 2) in which for cont ro l  pu rposes  and a lso  to examine the t ime and c h a r -  
a c t e r  of e l imina t ion  of the dye,  the vagus nerve  was not divided,  the r e m a i n d e r  of the e xpe r i m e n t  took 
p lace  as  d e s c r i b e d  above.  In these  expe r imen t s  the dura t ion  of the la tent  pe r iod  was 13 and 17 min,  and 
at  the end of this  t ime e l imina t ion  of the dye was obse rved  by the mucosa  of the body and fundus of the 
s tomach.  The in tens i ty  of e l imina t ion  of the dye was l a t e r  in the region  of the body and l e s s  in the mucosa  
of the fundus of the s tomach .  During s ec re t i on ,  some i n c r e a s e  in the deg ree  of h y p e r e m i a  of the mucous 
membrane  was obse rved ,  and this was p a r t i c u l a r l y  marked  in the pe r iod  of m a x i m um  e l imina t ion  of the 
dye.  The r e su l t s  a r e  shown in Fig.  1:1. The d i a g r a m  r e p r e s e n t s  the s tomach  opened along the g r e a t e r  
cu rva tu re .  The shaded a r e a s  show the zones of p r i m a r y  s e c r e t i on .  

Af te r  d iv i s ion  of the t runk of the left  vagus nerve (cases  Nos.  3-8) the mucous m e m b r a n e  of the 
a n t e r i o r  s tomach  wal l  did not exc r e t e  the dye,  but s e c r e t i o n  by the innerva ted  pa r t  of the mucous m e m -  
b rane  was a t  a r e a sonab ly  high leve l .  The p r i m a r y  s e c r e t o r y  r e sponse  in these  ca ses  was r e c o r d e d  a f t e r  
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12-18 rain (Fig.  1: 2, 4). Af te r  d iv is ion  of the r ight  t runk of the vagus nerve (cases  Nos. 9-13), neu t ra l  
r ed  appeared  in r e sponse  to insul in  hypoglycemia  on the a n t e r i o r  wall  of the s tomach  (Fig.  1: 3, 5, 6). 

In these  expe r imen t s  it  was c l e a r  that  the mucous m e m b r a n e  of the fundus of the s tomach s e c r e t e d  dye 
l e s s  in tens ive ly  than the mucous membrane  of the body. In a l l  expe r imen t s  in which the vagus nerve 
t runks were  divided,  25-64 rain f rom the beginning of in ject ion of the dye i t  began to be e l imina ted  in the 
dene rva ted  a r e a s  of the mucous membrane  of both the fundus and body of the s tomach  (genera l ized  s e c r e -  
t o ry  r e sponse ) .  No dye was e l imina ted  f rom the an t rum.  No app rec i ab l e  p a r a l l e l  could be de tec ted  b e -  
tween the onset  of the p r i m a r y  and gene ra l i z ed  s e c r e t o r y  r e s p o n s e s .  The mean d i f ference  between the 
r eco rded  t imes  was 30 man. In some expe r imen t s  the t ime in te rva l  be tween the beginning of p r i m a r y  
s e c r e t o r y  r e sponse  and the gene ra l i zed  r e sponse  v a r i e d  within wide l imi t s  (8 min in expe r imen t  No. 9; 
47 min in expe r imen t  No. 4). 

It is  i n t e r e s t i ng  to note that  1 mg a t ropine  produced the same  comple te  blocking of vagal  impulse  
ac t iv i ty  as  s u r g i c a l  vagotomy.  This was shown conclus ive ly  by e xpe r i m e n t  No. 11: a combinat ion of d iv i -  
s ion of the p o s t e r i o r  trunk of the vagus nerve  with in jec t ion  of a t ropine  was followed by absence  of e l i m i -  
na t ionofdye  f rom the whole g a s t r i c  mucosa ,  at  l e a s t  dur ing  3 h of obse rva t ion .  

A highly d is t inc t ive  s e c r e t o r y  r e sponse  was obtained in expe r imen t s  in which most  of the g a s t r i c  
t e r m i n a l s  of the p a r a s y m p a t h e t i c  nerve  were  divided and only one of the b ranches  leading to the va r ious  
p a r t s  of the s tomach  wall  was left  in tact .  The d i a g r a m s  i l l u s t r a t i ng  the r e su l t s  of these  obse rva t ions  
(Fig.  2: 1-4) show c l e a r l y  that ,  desp i te  some supe rpos i t ion  of the s e c r e t o r y  zones exc re t ing  the dye,  each 
branch  is v i r t ua l ly  a t e r m i n a l .  S t imula t ion  of only the s u p e r i o r  (proximal)  b ranch  of the a n t e r i o r  vagus 
(case No. 15) induced s e c r e t i o n  in a l imi ted  a r e a  of the a n t e r i o r  wal l  of the g a s t r i c  mucosa  (Fig.  2: 1). 
If a l l  b ranches  were  divided except  the middle  t e r m i n a l  of the a n t e r i o r  (case No. 17) o r  p o s t e r i o r  (case 
No. 16) vagus,  the a r e a  of e l imina t ion  of dye was confined to the cen t r a l  pa r t  of the body of the s tomach  
on the a n t e r i o r  or p o s t e r i o r  wal l  r e s p e c t i v e l y  (Fig.  2: 4). P r e s e r v a t i o n  of the d i s t a l  b ranches  of the 
vagus (cases  Nos.  14 and 18, Fig .  2: 2, 3) was followed by r eco rd ing  of s e c r e t i o n  of dye only in the d i s t a l  
p a r t s  of the mucosa  of the body of the s tomach ,  immed ia t e ly  ad jacent  to the an t rum.  The t ime  of a p p e a r -  
ance of the p r i m a r y  s e c r e t o r y  r e sponse  in this  s e r i e s  of expe r imen t s  v a r i e d  within wide l imi t s ,  f rom 11.5 
to 43 rain. The s h o r t e s t  la tent  pe r iod  was obse rved  in case  No. 15, when p a r t i a l  denerva t ion  of the s t o m -  
ach was c a r r i e d  out 46 days be fo re  the acute  expe r imen t .  In this case  e l imina t ion  of the dye took p lace  
more  in tens ive ly  than in expe r imen t s  Nos. 14, 16-18. The ra t io  between the a r e a  of the p r i m a r y  s e c r e t o r y  
zone and the total  a r e a  of the g a s t r i c  mueosa  in ca ses  Nos. 14, 15, and 18 was 1:12.4, 1:11.6, and 1:8.7 r e -  
spec t ive ly  (mean 1:10.9). Cons ider ing  that  the number  of v i s ib le  t e r m i n a l s  running f rom each trunk to the 
s tomach  wal l  is  between 7 and 12, the r a t io s  fully conf i rm that  the b r a n c h e s  a re  indeed t e r m i n a l  in na ture  
both ana tomica l ly  and funct ional ly.  In no case  in this  s e r i e s  of expe r imen t s  was a gene ra l i z ed  s e c r e t o r y  
r e sponse  obtained.  Like the p r i m a r y  s e c r e t o r y  r e sponse ,  it  was absent  in case  No. 19 in which one b ranch  
of the a n t e r i o r  d iv i s ion  of the vagus nerve running d i r e c t l y  to the py lorus  was left  in tact .  

The s e c r e t o r y  prof i le  in expe r imen t s  in which two adjacent  t e r m i n a l s  of the vagus ne rve  running to 
opposi te  su r f aces  of the g a s t r i c  mucosa  were  s t imula ted  (cases  Nos.  20-24) showed a d i s t inc t ive  r e su l t .  
In c a s e s  Nos.  20 and 23 in which adjacent  b ranches  running to the cen t r a l  p a r t  of the body of the s tomach  
were  p r e s e r v e d ,  a p r i m a r y  s e c r e t o r y  r e sponse  was r e c o r d e d  in r e l a t i ve l y  loca l ized  ad jacent  a r e a s  of the 
g a s t r i c  mucosa  in the middle  p a r t s  of the body (Fig.  2: 5). In cases  Nos. 21 and 22 a p r i m a r y  s e c r e t o r y  
re sponse  was found in ad jacent  a r e a s  of the mucous membrane  of the d i s t a l  p a r t  of the s tomach  body 
(Fig.  2: 6). C h a r a c t e r i s t i c a l l y ,  a g e n e r a l i z e d  s e c r e t o r y  r e sponse  was found in ca ses  in which the mucous 
m e m b r a n e  of the d i s t a l  p a r t s  of the s tomach r ema ined  innervated .  The latent  pe r iod  of the p r i m a r y  s e c r e -  
t o ry  r e s p o n s e  in c a s e s  Nos.  20, 21, 22, and 24 c o r r e s ponde d  in genera l  to that  found in the p reced ing  s e r -  
ies  of expe r imen t s .  

These  expe r imen t s  showed that  the d i s t r ibu t ion  of the t e r m i n a l  g a s t r i c  b ranches  of the vagus ne rves  
is  segmenta l  in c h a r a c t e r .  Af te r  vagotomy the s e c r e t o r y  r e sponse  of the mucous membrane  depends on 
the degree  of denerva t ion  of the s tomach.  Inadequate vagotomy is the r e s u l t  of p r e s e r v a t i o n  of individual  
b ranches  running to the an t r a l  por t ion  of the s tomach .  
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