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Vagal  denervat ion of the s tomach  is nowadays widely used ( separa te ly  and in conjunction with other  p ro -  
cedures )  in the su rg ica l  t r e a t m e n t  of duodenal u l ce r s .  Th is  opera t ion  can produce  a las t ing d e c r e a s e  in acid 
s ec re t i on  in the s tomach  and it thus provides  a method of act ing on the m o s t  impor tan t  s tage  in the pathogenesis  
of  this d i sease ,  n a m e l y t h e  peptic fac tor  [1, 5, 10, 11]. However ,  it mus t  be r e m e m b e r e d  that  t runca l  vagotomy 
af fec ts  not only the s tomach,  but also other  port ions of the digest ive  s y s t e m  and, in pa r t i cu la r ,  the intest ine.  
This  p rob lem has not yet  been suff icient ly widely re f l ec ted  in the l i t e r a tu re .  T h e r e  a r e  only isola ted r e p o r t s  
dealing main ly  with a morpho log ica l  and functional ana lys i s  of the s ta te  of  the duodenum and jejunum under 
these  conditions [8, 13]. Meanwhile invest igat ion of the var ious  a spec t s  of the effect  of division of the vagus 
ne rve s  on the digest ive  s y s t e m  and, in pa r t i cu l a r ,  on the m e m b r a n e  pH prof i le  of the gas t ro in tes t ina l  t r a c t  
is of definite theore t i ca l  and p rac t i ca l  impor tance :  on the one hand, to obtain a deeper  unders tanding of the 
m e c h a n i s m  of h o m e o s t a s i s  of this impor tan t  physiological  p a r a m e t e r ,  and on the o ther  hand to pred ic t  the 
consequences  of opera t ions  accompanied  by vagotomy.  The study of the dynamics  of the change in m e m b r a n e  
pH at d i f ferent  t imes  a f t e r  vagotomy in o r d e r  to detect  c r i t i ca l  phases  in the s ta te  of the d iges t ive  s y s t e m  
a f t e r  the opera t ion  is pa r t i cu l a r ly  in te res t ing .  On the bas i s  of t hese  cons ide ra t ions  it was decided to study 
the c h a r a c t e r  of the m e m b r a n e  pH prof i le  in d i f ferent  p a r t s  of  the subd iaphragmat ic  por t ion of the a l i m e n t a r y  
canal  a f t e r  b i l a te ra l  t runca l  vagotomy.  

E X P E R I M E N T A L  METHOD 

Experiments were carried out on 80 noninbred male albino rats weighing 150-180 g. Bilateral subdia- 
phragmatic truncal vagotomy was performed on 50 animals and the rest served as the control. Under urethane 

anesthesia (intraperitoneal injection in a dose of 150 rag/100 g) the membrane pH was measured in the body 
of the stomach, the duodenum, jejunum (middle portion), ileum (terminal portion), cecum, and rectum I, 3, 7, 
14, 30, 60, and 220 days after the operation and after starvation for 24 h. A thin pH-probe and pH-meter (the 
pi-I-340) were used for the measurements, by Lh~ar's method [4]. To determine the pH in the stomach the 
probe was introduced per os, and to determine pH in the rectum, the probe was introduced per rectum (to a 
depth of 3-5 ore); in all other cases the probe was applied to the required region through an opening made at 
a distance of 5-7 cm from the measuring point. To describe the membrane pH gradients in the alimentary 
canal quantitatively, we used a coefficient E, the ratio of the membrane pH of the proximal portion to the 
corresponding value in the distal portion, between which the gradient was determined. The results of the mea- 
surements were subjected to statistical analysis by R. B. Strelkov's method. 

EXPERIMENTAL RESULTS 

The r e su l t s  (Table 1) showed that  a p r o x i m a l - d i s t a l  m e m b r a n e  pH grad ien t  exis ts  in intact  r a t s  de-  
p r ived  of food for  24 h. One day a f t e r  vagotomy,  although the gene ra l  c h a r a c t e r  of the m e m b r a n e  pH prof i le  
of  the gas t ro in tes t ina l  t r a c t  s t i l l  r ema ined ,  the re  was a very  smal l  i nc r ea se  in pH in the s tomach ,  the pH drop 
was r e v e r s e d  in the i l e u m - c e c u m  s e c t o r  (E = 1.01 �9 0.29 c o m p a r e d  with 0.91 + 0.004 in the control) ,  and a 
ce r t a in  fall  of pH o c c u r r e d  in the cecum and r e c t u m .  Since these  changes  did not differ  s ta t i s t ica l ly  s ignif i -  
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TABLE 1. Membrane  pH in Different  Part s  of  the Al imentary  Canal of  Intact and Vagotomized  
Rats 

Group of Time aftel:[ 
animals vagotomy,l Stomach Duodenum Jejunum Ileum Cecum Rectum 

days 1 

Intact 
(control) - -  5,52• 7,85~+0,04 8,08• 8,93-+0,05 9,81• 8,71--0,06 

Undergoing 
mock op- 
eration 

Vagoto- 
mized 

Initial 
value 

a0 
60 

22o 

5,15_+_0,26 
6,48-+0,34 
6, I 0• 

7,59-+0,14* 
5,72• 
6,32• 
6,85-+0,42* 
6,81• 

7,40~0,08 
7,904-0,13 
7,54~0,34 

7,56• 
7,82-+0,19 
7,59-+0,04 
8,00~+0,16 
8,03• I i 

*Statistically significant differences from 

8,31 •  
8,07• 
7.83• 

7,91 ~+0,06 
8,13• [ 
7,75-+-0,07 
8,32• 
8,17~+0,1 ! 

8,37~0,09 
8,99• 
8,38• ] 8* 

8,40• 
8,45-+0,09" 
8,38~+0,08 
8,93+~0,21 
9,18_+0,07 

control  (at P < 0.05). 

8,44+0,12 
8,90• 
8,98• 

9,12~0,11" 
9,19• 
9,06• ,Off* 
9,97• 
9,90• 

8,62• 
8,03• 
7,93• 

8,46--+0, I 1 
7,84• 
8,47• 
9,00• 
9,10~+0,24 

cantly from those  in an imals  undergoing a m o c k  operat ion at the s a m e  t ime ,  in all probabil ity they should be 
regarded  as  the resu l t  of  a nonspee i f ie  reac t ion  of  the d iges t ive  s y s t e m  to the  operat ion.  On the third day 
after the operat ion  the i l eoceca l  m e m b r a n e  pH gradient  was  r e s t o r e d  (E = 0.93 • 0.02), but the m e m b r a n e  pH 
in the i l eum was  lower  than in the control .  Seven days after  vagotomy the s tructure  of  the pH prof i le  o f  the 
a l imentary  tract  was  a l tered even m o r e .  For  ins tance ,  as a resu l t  of  the i n c r e a s e  in the pH of  the s tomach  
and its d e c r e a s e  in the duodenum, the gastroduodenal  m e m b r a n e  pH gradient  b e c a m e  equal ized (E = 1.004 • 
0.02 compared  with 0.070 • 0.005 in the control)  and the absolute  values  of  m e m b r a n e  pH in the i l eum and 
c e c u m  d e c r e a s e d  despi te  preserva t ion  of  the  loca l  phys io log ica l  gradient .  At  the  s a m e  t i m e  t h e r e  was  a 
tendency toward normal i za t ion  of  the m e m b r a n e  pH in the rec tum.  The charac ter  of the p r o x i m a l - d i s t a l  
gradient  and the absolute  values  of  m e m b r a n e  pH in the gas tro intes t ina l  t ract  of  the vagotomized  rats  14 days 
after  the operat ion w e r e  indist inguishable  on the whole  f rom the corresponding  values  in intact an imals .  How-  
ever ,  the m e m b r a n e  pH in the i l eum was  s ignif icantly reduced; in addition, a tendency was  found for the pH 
in the c e c u m  and rec tum to fall .  Thirty days after  vagotomy,  while  the genera l  s tructure  of  the pH profi le  
o f  the a l imentary  canal  was  unchanged, an i n c r e a s e  in m e m b r a n e  pH was  observed  in the s tomach ,  together  
with a d e c r e a s e  in its value in the cecum.  In the later  s tages  after the operat ion  (60 and 220 days) an i n c r e a s e  
in the m e m b r a n e  pH was  found in the s tomach;  s ince  at the s a m e  t i m e  a tendency was  o b s e r v e d  for the m e m -  
brane pH in the duodenum to r i s e ,  the phys io log ica l  gradient  between these  port ions  of  the d igest ive  tract  
showed no appreciable  change (E = 0.86 • 0.03 after  60 days and E = 0.85 ~: 0.03 for  220 days).  The values  of  
the m e m b r a n e  pH in other  parts  of  the gas tro intes t ina l  tract  of  the vagotomized  rats  did not differ s ignif icant ly  
f r o m  the contro l .  

A p r o x i m a l - d i s t a l  m e m b r a n e  pH gradiant thus ex i s t s  in the a l imentary  canal  of  intact rats  and is  charac -  
t e r i z e d  by two w e l l - m a r k e d  loca l  pH drops: between the s t o m a c h  and duodenum - from acid to weakly  alkal ine,  
and between the i leum and c e c u m  - from modera te ly  alkal ine to a lkal ine .  In the ear ly  s tages  after the o p e r a -  
t ion (1 and 7 days ,  but not 3 days) vagotomy leads  to d isappearance  of these  phys io log ica l  gradients:  the 
gastroduodenal  after  7 days and the i l e o c e c a l  after  1 day. In the later  s tages  the m e m b r a n e  pH gradients  are  
r e s t o r e d  and mainta ined at a constant  level  suff ic ient ly  quickly,  although the absolute  va lues  of  m e m b r a n e  pH 
in the reg ions  of  the a l imentary  tract  forming the gradient  (or in only one region,  in this  e a s e ,  t h e  s tomach)  
m a y  vary .  The cr i t i ca l  t i m e  after vagotomy is  evidently  7 days,  for in this  period changes  in m e m b r a n e  pH 
are  observed  s imul taneous ly  in s evera l  components  of  the a l imentary  canal  ( s tomach,  duodenum, i l eum,  and 
cecum)  and the gastroduodenal  gradient  i s  r e v e r s e d .  Af ter  14 days a t e m p o r a r y  and re la t ive  normal i za t ion  
of  the m e m b r a n e  pl-I prof i le  o f  the gas tro in tes t ina l  t rac t  takes  p lace .  In the la ter  s tages  its s t ruc ture  again 
b e c o m e s  reorgan ized ,  but the changes  in m e m b r a n e  pit in this  period are  confined to the s tomach .  The w a v e -  
l ike  charac ter  of  the changes  in m e m b r a n e  pH in the a l imentary  canal  after  vagotomy co inc ides  with the dy-  
n a m i c s  of  changes  in many  other  functional  and s tructural  p a r a m e t e r s  of  the d iges t ive  organs  under these  
condit ions  [2, 3], and it evidently  re f l e c t s  a genera l  rule  governing  the deve lopment  o f  the denervat ion syndrome  
in t ime .  With regard to the  s t r i c t n e s s  of  h o m e o s t a s i s  of  the  m e m b r a n e  pH after  vagotomy,  the reg ions  of  the 
gas tro intes t ina l  t rac t  studied in these  exper iment s  can be arranged in the fol lowing order:  jejunum, rec tum,  
i l eum,  cecum,  duodenum, and s tomach .  It i s  a noteworthy fact that the m e m b r a n e  pH is  mainta ined m o s t  
s tr ic t ly  in the jejunum, an organ with a high density of  nerve  f ibers  of  vagal or ig in ,  in which cons iderable  
changes  in m e m b r a n e  pH would be expected after vagotomy.  This  "disparity" can be explained,  in our  opinion, 

32 



by the fact that the pH in the juxtamural  layers  of the jejunal contents is one of the mos t  important  physio-  
logical constants for this organ [6, 7], and many mechanisms  (including some which are  not nervous in nature) 
take par t  in its maintenance,  thereby ensuring the constancy of its level in various pathological s ta tes .  The 
distal portions of the a l imentary  canal evidently do not have such prec i se  regulation, and although the relat ive 
contribution of the vagus nerves to their  parasympathet ic  irmervation is not so great ,  vagotomy, as stated 
above, leads to marked  changes in their  membrane  pH profi le .  It is very probable that the diarrhea,  which 
is a leading manifestat ion of the postvagotomy syndrome [9, 12], is connected in a definite manner  with the 
changes discovered in the membrane  pH profile of the large  intestine. 

Changes in the membrane  pH profi le d iscovered in the gast rointes t inal  t r ac t  after  vagotomy thus ref lec t  
a general  functional reorganizat ion of the a l imentary canal under these conditions, a ma t t e r  of undoubted 
importance for  the organizat ion of its activity at the new level of its function. 
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