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The gastric mucosa presents a barrier to
the back-diffusion of hydrogen ions (HY)
from the gastric lumen (1, 2). Such sub-
stances as bile (3), weak acids (4), and acet-
azolamide (2) may alter and increase the
permeability of this barrier resulting in in-
creased back-diffusion of H* ions and subse-
quent tissue damage. Critically ill man has
increased H* back-diffusion across the gas-
tric mucosa (5). Experimental shock in dogs
produces gastric erosions, but an increase in
permeability to H* has not been demon-
strated (6). Rats subjected to restraint-
stress develop ulceration of the stomach (7,
8), and their gastric secretory rates are re-
ported as markedly decreased (9); however,
increased acid back-diffusion has not been
demonstrated (10). In order to reevaluate
the role of H* back-diffusion in restrained
rats, we modified previously described tech-
niques for small animals by adapting meth-
ods used in this laboratory in dogs and in
intact man (3, 11). The findings presented
herein indicate that increased rates of H*
back-diffusion occur across the gastric mu-
cosa of stressed rats.

Methods. Eighteen male Sprague-Dawley
rats weighing 250-300 g were used. Nine
control animals were fasted for 48 hr with
full access to water in raised mesh-bottom
cages to obtain maximal gastric emptying.
Nine rats to be restrained were fasted for 24
hr. They were restrained in wire cages for
24 hr and two supplements of 2.5 ml of
0.9% sodium chloride were given subcuta-
neously to each rat. Both control and re-
strained rats were anesthetized with intra-
peritoneal pentobarbital (4 mg/100 g body
weight) and maintained under anesthesia by
additional small quantities of pentobarbital
intraperitoneal as needed. Nonvagotomized
pylorus-ligated stomachs were prepared
with cannulae in the esophagus (12). The
stomach was washed gently with 2 ml of
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isotonic solution containing HCl 55 meq/
liter and NaCl 100 megq/liter. The test solu-
tion was identical to the wash solution but
contained phenol red (10 mg/liter) as indi-
cator.

Acid instillation was performed similarly
to our previous canine instillation experi-
ments (3) with slight modifications. For
greater accuracy all solutions were weighed.
A 10-ml syringe containing 8 ml of test
solution was attached to the cannula in the
esophagus. Four ml of fluid were instilled
into the stomach and then removed and
mixed with the remaining 4 ml to determine
residual volume. This was repeated twice.
Four milliliters were used as the instillation
test solution; the remaining 4 ml was
weighed and used as an initial aliquot. At
the end of 1 hr, the gastric contents were
removed and weighed. If the animal’s condi-
tion was satisfactory, another instillation
was performed. No more than three instilla-
tions per rat were done because of the risk
of ulcerations in such preparations after 4-6
hr (13). Preliminary experiments had re-
vealed no ulcerations developed in 3 hr-
pylorus-ligated rats. Hydrogen concentra-
tion was determined by titration to pH 7.0
using a Radiometer electrometer titrator.
Sodium and potassium concentration were
measured by flame photometer using lith-
ium internal standards. Phenol red was de-
termined by spectrophotometer (14).

Ionic fluxes, residual volumes, hydrogen
secreted and hydrogen neutralized were de-
termined using assumptions previously de-
scribed by us and others utilizing the “two
component hypothesis” (5, 10, 11). Statis-
tical significance of means was determined
by Student’s ¢ test.

Ulcerations were graded on a scale of 1 to
4 by gross visual inspection: 1, one ulcera-
tion; 2, two to three ulcerations; 3, three to
eight ulcerations; 4, more than eight ulcera-
tions.

Results. H* and sodium fluxes are pre-
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sented in Table 1. Restrained rats had a
highly significant (P < 0.001) increase in
the rate of hydrogen ion back-diffusion
across the gastric mucosa. Restrained ani-
mals did not secrete significantly less acid
than control animals. The amount of H*
neutralized was similar in both groups. So-
dium fluxes were similar in control and re-
strained rats.

Twenty-four hours of restraint produced
varying amounts of gastric erosions in all
nine restrained animals; no lesions were ob-
served in control animals.

There was a high correlation (r = +0.88)
between the severity of erosions and the
magnitude of H* ion back-diffusion in the
restrained rats (Table II).

Discussion. Our results indicate that re-
straint stress in rats increases the rate of
back-diffusion of H* across the gastric mu-
cosa. This increase correlated well with the
severity of the induced mucosal ulceration.
This increased permeability of the gastric
mucosa may explain some of the published
results on hypoacidity of restrained rats (9).

The acid-instillation technique for meas-
uring ionic fluxes across the gastric mucosa
in small animals utilized in this study has
several advantages over previous techniques
(12) in that it allows one to measure residual
volume and both parietal cell and nonparie-
tal secretion. In one previously utilized
method (12), initial ion values are assumed
to be those of the stock solution. Our initial
ion values are determined by an aliquot ob-
tained after washing the gastric mucosa with
test solution. The drop in H* and phenol red
concentration from the stock solution to the
initial aliquot at times was as high as 20%.
Furthermore, instillate volumes of 8§ ml in
300-g rats were used by others (12); we
found that such a volume produced tension
in the gastric wall with intragastric pressure
of 24 cm/H,O. Our volume of 4 ml more
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nearly approached normal distention of the
stomach as measured by other (11).

The method of Overholt (16) requires
incisions through the lumen, with repeated
insertions of tubing through this opening.
They (16) did not include correction for
nonparietal secretion nor an estimate of acid
secreted by the stomach during the experi-
ment. Their values for H* back-diffusion in
control sham vagotomized rats are greater
than that observed by others when correc-
tions for secretion are made (10, 12). This
could also be related to their use of a greater
concentration of H* (100 meq/liter) in the
test solution.

Gerety and Guth (10) were able to over-
come the above drawbacks but introduced
another. Their instillation solution con-
tained HCI at 100 meq/liter. However, con-
centrations of 80 meg/liter of HCI result in
induced damage to the gastric mucosa in
rats (12) and gastric hemorrhage in 70% of
vagotomized rats (15). The use of this con-
centration of HCI might explain the large
H™* backdiffusion in these workers’ control
group (—66.0 ueq/hr), which is even
greater than the back-diffusion (—47.3) in
our restrained rats.

In our experiments, sodium fluxes in
stressed animals were not significantly dif-
ferent from controls. This may have resulted
from the relatively high concentration of
NaCl (100 megq/liter) in our test solution.
Moody (17) also found little correlation be-
tween H* flux and Na* flux in experimental
hypovolemic shock in dogs.

Recent work has emphasized impaired
microcirculation of the stomach as a prime
factor in stress-induced ulceration (18). Re-
straint induced stress in rats results in areas
of ischemia of the glandular mucosa. Nor-
mal intact mucosa continued to secrete un-
diluted acid which was postulated to auto-
digest the susceptable ischemic area (18).

TABLE 1. Ionic FLUXES DURING AcCID INSTILLATIONS IN CONTROL RATS AND RESTRAINED RATS.

H+ Back-diffusion Hydrogen secreted Hydrogen neutral-

Sodium flux (ueq/
hr)

(ueq/hr) (meq/hr) ized (ueq/hr)
Control n = 22 9.2 £ 11.0 33.8 5.7 117+ 1.5 68.1 = 10.5
Restrained n = 25 -473 = 7.2%:¢ 20.0 = 6.7 16.2 = 2.0° 97.0 = 12.5°
2 P <0.001.
®pP<0.2

¢ Minus sign signifies flux of ion from lumen to mucosa.
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TABLE II. MAGNITUDE oF H+ IN RESTRAINED
RATs witH DIFFERENT DEGREES OF ULCERATION.

Severity of ul-

ceration Number H+ Back-diffusion
Erythema 5 —10.65 = 9.734.b

1 3 —42.79 * 7.96¢

2 6 —40.36 = 7.87¢

3 6 —-70.74 = 17.19

4 5 —-66.10 = 17.13

¢ Erythema vs 1 or 2. P < 0.005.
® Erythema vs 3 or 4. P < 0.001.
“Onevs3ord.P<0.01.
“Twovs3ord4. P <0.01.

Hase (18, 19) showed that stressed rats with
ulcerations had greater acid secretion than
stressed rats without ulceration. Back-diffu-
sion was not determined in these studies.
We show no difference in rates of acid secre-
tion. The importance of intraluminal acid in
the pathogenesis of restraint ulcers is further
demonstrated by the observation that vagot-
omy and anticholinergics decrease the se-
verity of stress induced ulcers (9, 20). Our
studies indicate that back-diffusion of se-
creted acid may be involved in the restraint
induced mucosal ulcerations.

Summary. To obtain evidence about the
controversial role of the gastric mucosal bar-
rier to back-diffusion of hydrogen ions in
the pathogenesis of gastric ulcerations dur-
ing restraint-stress, rats were subjected to
restraint stress for 24 hr and acid instilla-
tions performed in their pylorus ligated
stomachs with a technique adapted from
previously described methods for acid instil-
lation in canine dog pouches. Since the rat’s
pylorus ligated stomach does not tolerate
solutions with high hydrogen ion (H*) con-
centrations, test solutions containing H* of
55 megq/liter were used. Hydrogen ion se-
cretion did not decrease in these stressed
rats, but there was a marked increase in H*
back-diffusion across the gastric mucosa
which was well correlated with the gross
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visual damage. Abnormal gastric mucosal
permeability to hydrogen ion may play a
pathogenic role in restraint-stress induced
ulceration.
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