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Vagal denervation of the stomach is nowadays widely used (separately and in conjunction with other pro-
cedures) in the surgical treatment of duodenal ulcers. This operation can produce a lasting decrease in acid
secretion in the stomach and it thus provides a method of acting on the most important stage in the pathogenesis
of this disease, namely the peptic factor [1, 5, 10, 11]. However, it must be remembered that truncal vagotomy
affects not only the stomach, but also other portions of the digestive system and, in particular, the intestine.
This problem has not yet been sufficiently widely reflected in the literature. There are only isolated reports
dealing mainly with a morphological and functional analysis of the state of the duodenum and jejunum under
these conditions {8, 13]. Meanwhile investigation of the various aspects of the effect of division of the vagus
nerves on the digestive system and, in particular, on the membrane pH profile of the gastrointestinal tract
is of definite theoretical and practical importance: on the one hand, to obtain a deeper understanding of the
mechanism of homeostasis of this important physiological parameter, and on the other hand to predict the
consequences of operations accompanied by vagotomy. The study of the dynamics of the change in membrane
pH at different times after vagotomy in order to detect critical phases in the state of the digestive system
after the operation is particularly interesting, On the basis of these considerations it was decided to study
the character of the membrane pH profile in different parts of the subdiaphragmatic portion of the alimentary
canal after bilateral truncal vagotomy.

EXPERIMENTAL 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 mg /100 g) the membrane pH was measured in the body
of the stomach, the duodenum, jejunum (middle portion), ileum (terminal portion), cecum, and rectum 1, 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
pH-340) were used for the measurements, by Linar'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 em); in all other cases the probe was applied to the required region through an opening made at
a distance of 5-7 em 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 results (Table 1) showed that a proximal—distal membrane pH gradient exists in intact rats de-
prived of food for 24 h, One day after vagotomy, although the general character of the membrane pH profile
of the gastrointestinal tract still remained, there was a very small increase in pH in the stomach, the pH drop
was reversed in the ileum —cecum sector (E =1.01+ 0,29 compared with 0.91 = 0,004 in the control), and a
certain fall of pH occurred in the cecum and rectum. Since these changes did not differ statistically signifi-
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TABLE 1. Membrane pH in Different Parts of the Alimentary Canal of Intact and Vagotomized

Rats
Group of Time aftey]
animals ‘aagotomy. Stomach Duodenum Jejunum Ileum Cecum Rectum
ays
Intact } .
(control) — 5,52+0,06 7,850,04 8.08+0,05 | 8,93+0,03 9,81+0,08 8,71+0,06

Undergoing |Initial

mock op- | value 5,15+0,26 7,404-0,08 8,31+0,06 8,370,090 8,44-+0,12 8.62-+0,16
eration 1 6.484:0,34 7,90£0,13 8,07+0,10 8,990,563 8.903-0,31 8,03+1,34
: 3 6,10%0,35 7,54+0,34 7.83%0.14 8,3810.18% | 8,98%0.29 7,9320,30

Vagoto-
migzed 7 7,5920,14% | 7 56-0,08* 7,910,068 8,4040,09% | 9,12:4:0,11% 8,4620,11
14 5,72+0,83 7.8240.19 8,1320,11 8,450.00% | 9,190,292 7,84+0,45
30 6.32+0,33 7.59-+0.04 7.75640.07 8.,38+0.08 9,06=0,00* 8,47+0,08
60 6,85+0,42* | 8.00%0.16 8,32+0.18 8,93+0,21 9,970,18 9,00=0,21
290 6,810,20%* | 8,03%0.11 8,170, 11 9,182+0,07 9,902-0.07 9,10+0,24

*Statisﬁ—cally significant differences from control (at P < 0.05).

cantly from those in animals undergoing a mock operation at the same time, in all probability they should be
regarded as the result of a nonspecific reaction of the digestive system to the operation, On the third day
after the operation the ileocecal membrane pH gradient was restored (E =0,93 + 0.02), but the membrane pH

in the ileum was lower than in the control, Seven days after vagotomy the structure of the pH profile of the
alimentary tract was altered even more, For instance, as a result of the increase in the pH of the stomach
and its decrease in the duodenum, the gastroduodenal membrane pH gradient became equalized (E =1,004 =
0.02 compared with 0,070 + 0,005 in the control) and the absolute values of membrane pH in the ileum and
cecum decreased despite preservation of the local physiological gradient. At the same time there was a
tendency toward normalization of the membrane pH in the rectum. The character of the proximal—distal
gradient and the absolute values of membrane pH in the gastrointestinal tract of the vagotomized rats 14 days
after the operation were indistinguishable on the whole from the corresponding values in intact animals. How-
ever, the membrane pH in the ileum was significantly reduced; in addition, a tendency was found for the pH

in the cecum and rectum fo fall. Thirty days after vagotomy, while the general structure of the pH profile

of the alimentary canal was unchanged, an increase in membrane pH was observed in the stomach, together
with a decrease in its value in the cecum, In the later stages after the operation (60 and 220 days) an increase
in the membrane pH was found in the stomach; since at the same time a tendency was observed for the mem-
brane pH in the duodenum to rise, the physiological gradient between these portions of the digestive 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 membrane pH in other parts of the gastrointestinal tract of the vagotomized rats did not differ significantly
from the control,

A proximal—distal membrane pH gradiant thus exists in the alimentary canal of intact rats and is charac-
terized by two well-marked local pH drops: between the stomach and duodenum — from acid to weakly alkaline,
and between the ileum and cecum — from moderately alkaline to alkaline. In the early stages after the opera-
tion (1 and 7 days, but not 3 days) vagotomy leads to disappearance of these physiological gradients: the
gastroduodenal after 7 days and the ileocecal after 1 day. In the later stages the membrane pH gradients are
restored and maintained at a constant level sufficiently quickly, although the absolute values of membrane pH
in the regions of the alimentary tract forming the gradient (or in only one region, in this case, the stomach)
may vary. The critical time after vagotomy is evidently 7 days, for in this period changes in membrane pH
are observed simultaneously in several components of the alimentary canal (stomach, duodenum, ileum, and
cecum) and the gastroduodenal gradient is reversed. After 14 days a temporary and relative normalization
of the membrane pH profile of the gastrointestinal tract takes place, In the later stages its structure again
becomes reorganized, but the changes in membrane pH in this period are confined to the stomach, The wave-
like character of the changes in membrane pH in the alimentary canal after vagotomy coincides with the dy-
namics of changes in many other functional and structural parameters of the digestive organs under these
conditions {2, 3], and it evidently reflects a general rule governing the development of the denervation syndrome
in time, With regard to the strictness of homeostasis of the membrane pH after vagotomy, the regions of the
gastrointestinal tract studied in these experiments can be arranged in the following order: jejunum, rectum,
ileum, cecum, duodenum, and stomach. It is a noteworthy fact that the membrane pH is maintained most
strictly in the jejunum, an organ with a high density of nerve fibers of vagal origin, in which considerable
changes in membrane pH would be expected after vagotomy., This "disparity" can be explained, in our opinion,
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by the fact that the pH in the juxtamural layers of the jejunal contents is one of the most important physio-
logical constants for this organ [6, 7], and many mechanisms (including some which are not nervous in nature)
take part in its maintenance, thereby ensuring the constancy of its level in various pathological states. The
distal portions of the alimentary canal evidently do not have such precise regulation, and although the relative
contribution of the vagus nerves to their parasympathetic innervation is not so great, vagotomy, as stated
above, leads to marked changes in their membrane pH profile. It is very probable that the diarrhea, which

is a leading manifestation 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 profile discovered in the gastrointestinal tract after vagotomy thus reflect
a general functional reorganization of the alimentary canal under these conditions, a matter of undoubted
importance for the organization of its activity at the new level of its function.
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