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THE IMPORTANCE of the antrum in gastro-
intestinal physiology was first stressed by
Edkins in 1906. Since that time, it has been
assumed by physiologists and surgeons that
it contributed to the etiology of peptic
ulcer. It has recently been shown that the
amount of acid stimulation by the antrum
depends on the pH in the region of the
antral mucosa.
Our experiment suggests that the antrum,

if in an acid media, produces a substance
which inhibits the production of acid. Thus,
the preservation of the antrum in continu-
ity with the stomach may be beneficial in
gastric surgery. Pavlov's classical work ini-
tiated investigation of the mechanisms
which control gastric secretion. Since then,
the factors which stimulate gastric secre-
tion have been extensively studied, whereas
those which inhibit it have not received
much attention.

Stimulation of Gastric Secretion. It has
long been known that the secretion of hy-
drochloric acid by the parietal cells of the
stomach could be stimulated in three ways.
These three mechanisms have been called
the cephalic, the gastric, and the intestinal
phases of gastric secretion, and more re-
cently, it has been postulated that the
adrenal steroids are also implicated in the
control of gastric secretion.

Pavlov 14 and others found that food was
responsible for the stimulation of gastric
secretion. The thought, sight, smell, or taste
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of food resulted in stimulation of acid
secretion by the vagi. The presence of food
in the stomach resulted in increased gastric
secretion, as did the absorption of the prod-
ucts of digestion from the upper intestine.
Edkins5 on the basis of his investiga-

tions, postulated that the antrum produced
a hormone, gastrin, which reached the
parietal cells by the blood stream and stim-
ulated acid production. Ivy'0 repeated
Edkins' experiments and failed to confirm
his results. However, data from clinical
cases tended to confirm the importance of
the antrum in stimulating gastric acid pro-
duction. The Eiselsberg-Finsterer-Devine
exclusion procedure for duodenal ulcer, in
which the antrum was retained and left in
continuity with the duodenum, resulted in
a high incidence of stomal ulceration. Many
of these failed to heal until the antrum was
excised.'2
By 1954 it was well established by the

experiments of several workers 4,6, 13, 17, 20
that the antrum is capable of elaborating
a substance which stimulates parietal cell
secretion. This substance is generally re-
ferred to as the hormone gastrin, although
it has not yet been isolated or proven to be
a true hormone.8 Moreover, this stimulation
is minimal when the antrum is bathed by
acid, moderate when the antral pH is rela-
tively alkaline, and maximal when the an-
trum is in contact with fecal contents, as
when it is attached to the transverse colon
as a diverticulum.21

Inhibition of Gastric Secretion. The study
of inhibition of gastric secretion has been
approached by many workers bearing in
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mind the three major mechanisms of pari-
etal cell stimulation.

Vagal. There are inhibitory fibres in the
vagus nerve, and Wolf and Wolff "I have
demonstrated that emotional states such as
fear and anger may inhibit gastric secretion.

Intestinal. In 1910 Pavlov noted that a
fatty meal inhibited gastric secretion.
Kosaka and Lim 11 in 1930 demonstrated
that this inhibition was due to the forma-
tion of a humoral agent in the mucosa of
both the small and large intestine as a re-
sult of contact with fat. They suggested the
name enterogastrone for this gastric inhibi-
tory agent.

Duodenal. Many investigators 3, 7,18 have
confirmed Sokolov's 15 observation that acid
in the duodenum inhibits parietal cell
secretion.
Antrum. In 1942 Brunschwig2 and his

associates demonstrated a gastric secretory
depressant in canine and human gastric
juice. This inhibitory substance was not
present in the gastric juice of patients suf-
fering from pernicious anemia or gastric
carcinoma. In dogs that had been recently
fed and were showing profuse secretion
from a cannulated gastric pouch, the test
suspensions of previously obtained gastric
juice were injected intravenously and the
effect on pouch secretion determined. A
significant reduction in acid output from
the pouches occurred with the intravenous
administration of the gastric juice.
Hood, Code and Grindlay9 in 1953, ex-

tended the work of Brunschwig and at-
tempted to demonstrate that a substance
was produced by the gastric antrum, which
was capable of inhibiting gastric secretion.
They compared the inhibitory action of
juice from fundic pouches with that col-
lected from antrum pouches. These were
given intravenously to dogs whose fundic
pouch output was carefully measured.
Their results seemed to indicate that the
main source of the gastric secretory in-
hibitor in canine gastric juice was the an-
trum mucosa. Although they felt that this
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intravenous injection produced a minimal
pyrogenic effect, they did note some eleva-
tion of temperature following injection. In
the experiments of both Brunschwig and
Hood the inhibition obtained might have
been due to the pyrexia resulting from the
intravenous injection of gastric juice.8

In 1954 Dragstedt and his associates 21
sought evidence for an inhibitor having its
source in the antrum. Using four dogs with
Heidenhain or total stomach pouches and
a marsupialized antrum pouch they stim-
ulated the parietal cell secretion by the in-
jection of 1.0 mg. of histamine. The com-
parison of the resulting secretion, with that
produced by the same dose of histamine
while the antrum was irrigated with N/10
HCI failed to demonstrate any differenc3
in acid output by the fundic pouches. On
the basis of this experiment they concluded
that the antrum was not capable of secret-
ing an inhibitory substance. One wonders,
however, whet'ner the artificial stimulant,
histamine, may have been of such potency
as to completely destroy or mask any in-
hibitory substance which was being liber-
ated by the acid bathed antrum mucosa.

Further evidence that the pH existing
over the antrum mucosa was of extreme
importance in determining the amount of
hydrochloric acid secreted by the parietal
cells was demonstrated in 1954 by Wan-
gensteen and his associates.' They demon-
strated in a series of dogs that when the
antrum was excluded from the acid secret-
ing part of the stomach, gastrojejunal ulcers
developed. When the antrum remained in
continuity with the rest of the stomach,
or was excised, no ulcers occurred. The in-
crease in gastric secretion which occurred
in the dogs with the antrum excluded was
explained on the basis of increased produc-
tion of gastrin by the antrum in contact
with food and alkaline secretions. He con-
cluded that the antral stimulation of gastric
secretion is not nearly so great when the
antrum retains its normal relation to the
remainder of the stomach as when it is
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FIG. 1. Illustrating the three operative procedures or phases of the project.

excluded from contact with acid gastric
juice.

Interesting evidence that the antrum may
take an active role in the inhibition of gas-

tric secretion was provided by the work of
State et al.18 in 1955. They demonstrated in
a series of dogs that the antrum would pro-

tect against duodenal ulceration under his-
tamine stimulation. In their study, with a

50 per cent resection of the acid secreting
portion of the stomach, the incidence of
histamine induced ulcer was significantly
less when the antrum was preserved.

In this project we attempted to investi-
gate any inhibitory mechanisms having
their origin in the antrum, which might
regulate acid secretion when the stomach
had emptied. It seemed desirable that the
parietal cell stimulation be as physiological
as possible rather than introduce an artifi-
cial stimulant such as histamine. Dragstedt
had demonstrated that the antrum attached
to the colon as a diverticulum resulted in
a generous secretion of acid by the parietal
cells in a Heidenhain pouch. In addition,
we wanted antral mucosa in its normal
location to be bathed by this gastric juice
of high acidity. An antral pouch on the
colon would produce such an effect. One
of the solutions to this problem was to
divide the antrum, leaving one half in its
normal location, transplanting the other
half to the colon.

Methods. A series of seven adult mongrel
dogs were subjected to three operative pro-

cedures (Fig. 1). During the first (Phase
I) procedure, a Heidenhain pouch was
fashioned from the greater curvature and
fundus of the stomach. The limits of the
pyloric antrum were then defined, the prox-
imal edge of the antrum being marked with
two long black sutures to facilitate recogni-
tion of its limits at the later operative pro-
cedure. The distal half of the antrum was
divided from the stomach and duodenum,
with care to retain its blood supply from
the lesser and greater curvatures. The dis-
tal end of this terminal half of the antrum
was closed and the pouch so formed was
attached to the side of the transverse colon
as a diverticulum. The proximal half of the
antrum was anastomosed to the duodenum,
with care to ensure that an adequate stoma
existed.
Heidenhain pouch secretions were col-

lected through a stainless steel cannula into
a rubber bladder, after the method of
Dragstedt.20 After a month had elapsed the
pouch secretions were collected daily for
21 days, the free hydrochloric acid output
being calculated and expressed as milli-
equivalents per 24 hours. Toepher's method
for free hydrochloric acid was used.
The second operative procedure involved

the removal of the proximal half of the
antrum, which had been left attached to
the stomach. (Phase II). Histological sec-

tions were taken from the proximal and dis-
tal edges of this specimen. These sections
showed antral mucosa continuous with duo-
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TABLE I. Change in Pouch Secretion Following Removal of the "Gastric" Half of the Antrum
(Phase I to Phase II)

Phase I Phase II

No. of Av. 24 Hr. No. of Av. 24 Hr. % Change
24 Hour Collection Standard 24 Hour Collection Standard Phase 1

Dog Collec- mEq. Devia- Collec- mEq. Devia- to
No. tions HCl tion tions HCl tion Phase 2 t* P*

10 22 17.3 6.5 14 35.7 6.8 +106 7.9 <.001
11 21 14.5 3.4 21 25.2 5.1 + 74 7.8 <.00112 21 54.3 4.0 16 105.1 7.3 + 93 26.1 <.0001
13 21 57.4 12.6 21 64.9 8.8 + 14 2.2 <.0414 22 26.3 7.7 21 35.2 6.9 + 34 3.9 <.001
15 21 19.8 7.2 21 37.0 7.9 + 87 7.2 <.001
19 21 2.4 0.8 21 3.1 0.8 + 29 26.9 <.0001

Average Percentage Change Phase I to Phase II + 62

* P is the probability of the difference being due to chance-Student's "t" test.

denal mucosa on the distal side and gastric
mucosa on the proximal side. This provided
evidence that the antral mucosa had been
present in the first Phase and that all the
gastric portion of the antrum had been re-
moved in the second Phase. The gastric
stump was anastomosed to the duodenum
to re-establish gastrointestinal continuity.
Following another month's recuperation the
24 hour acid output was collected for a
period of from 14 to 21 days.
Removal of the antrum diverticulum

from the colon was undertaken as a third
operative procedure on three of the dogs
(Phase III). Another 21 days of 24 hour
acid output was taken following the return
of the dog's health.
Throughout the course of the experi-

ment, the dog's daily diet consisted of 500
Gm. of Miracle Dog Food and water ad lib.
Serum chlorides were done weekly, and
sodium chloride added to the diet to en-
sure that the chloride intake was adequate.

Results. All the dogs in the series showed
a significant increase in pouch acid secre-
tion when the antrum, in its normal loca-
tion, was excised (Phase I to Phase II),
Table I. By statistical methods, the differ-
ence was very significant in six dogs, and
moderately significant in the seventh ( #13).

The average increase was 62 per cent. Both
volume and degree of acidity increased be-
tween Phases I and II.
The marked variation in the pouch out-

put of one dog as compared with another
is of course explained by the variation in
the size of the Heidenhain pouch in each
preparation.
The percentage of change from Phase I

to Phase II in each dog depends on how
much antrum is left attached to the stom-
ach in Phase I. If too much antrum is trans-
planted to the colon (as occurred in dog
13), the inhibitory effect will be minimal.
We believe that the difficulty in accurately
dividing the antrum into halves explains
the variation in the percentage increases
of the seven dogs between Phase I and
Phase II.

Following removal of the "colonic" half
of the antrum (Phase III), which was done
in three dogs only, the pouch output fell
to very low levels. The average 24 hour
output in these was 1.06, 0.42, and 0.14
mEq. of hydrochloric acid (Dogs 11, 13,
and 15). That the "colonic half" of the
antrum was the source of stimulation of
the pouch is evident when the change is
noted between Phase II and Phase III.
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FIG. 2. Results in dog 12, showing the increase in Heidenhain pouch secretion when the
"gastric" half of the antrum was removed.

The results are shown diagrammatically in
two dogs in Figures 2 and 3.

DISCUSSION

In an analysis of Phase I, the "colonic
portion" of the antrum, it has been shown,13
Nwill stimulate acid production by both the
pouch and the body of the stomach, pre-

sumably as a result of the production of
gastrin in the "colonic" antrum. This will
result in an acid environment for the "gas-
tric" half of the antrum, resulting in little
or no gastrin production by it.21 If gastrin
production is the only factor of significance
when the "gastric" half of the antrum is
excised (Phase II), pouch secretion will

remain steady or fall slightly. The fact that
the pouch secretion rose markedly influ-
enced us to postulate the concept of an
inhibitor having its source in the antrum.

This experiment suggests that in an
acidic environment the antrum not only
stops secreting gastrin, but produces an in-
hibitor substance capable of actively in-
terfering with production of acid.
The mechanism whereby this active in-

hibitor affects secretion is unknown. Three
obvious possibilities come to mind. It could
interfere with gastrin production, combine
with gastrin to render it ineffective, or af-
fect the parietal cells directly. Recent work
in our laboratory suggests that it is capable
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FIG. 3. Restults in dog 11. Three phases.

of inhibiting the intestinal phase of secre-

tion as well as the stimulus to acid produc-
tion provoked by histamine.

If such a substance exists in man, it
Nwould provide a very effective regulator of
the post prandial flow of hydrochloric acid.
It would be much more effective than the
mere reduction in gastrin secretion, and
would be a major factor in preventing con-

tinuous hyperacidity. WVhile a similar mech-
anism has been demonstrated in the duo-
denum, the effect of an antral inhibitor
should be more significant, in that it would
initiate the reduction in flow of unbuffered
hydrochloric acid.

It is quite possible that the unhappy re-

sults associated with exclusion procedures
in which the antrum is left attached to the
duodeinum (Eiselsberg-Finsterer-Devine)
have made us unjustifiably prejudiced
against this portion of the stomach. It is
of course clear why such an anatomical
arrangement resultedl in a high incidence
of stomal ulceration. The antrum was con-

stantly in an alkaline environment, and gas-

trin production was continuous and prob-
ably large in amount.

XVangensteen has demonstrated in the
laboratory and clinically that the antral
mucosa in an acid environment is not harm-
ful or conducive to uilcer reformation. If it
is not harmful to the ulcer patient, it at
least adds to his storage capacity. If it is
capable of secreting an acid inhibitor, it
may be even more beneficial.

CONCLUSIONS

(1) In the dog the antrum is capable
of producing a substance which will ac-

tively inhibit the secretion of acid by the
stomach.

(2) It would appear that the effect is
humoral, as the only communication be-
tween the antrum and the Heidenhain
pouch was by the blood stream.

(3) The nature of the material is un-

knowin and its site of action is unknown.
Three possibilities regarding its method
of action have been considered.
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SUMMARY

A series of dogs with Heidenhain pouches
with half the antrum left in continuity with
the stomach, and half as a colonic diver-
ticulum have been studied to show the in-
hibitory effect produced by the antrum
mucosa bathed in an acid environment.
When the portion of antrum in its normal
location is excised, a definite rise in the acid
output of the Heidenhain pouches occurred
in all dogs, this increase averaging 62 per
cent.

This study has confirmed previous work,
demonstrating that the antrum in an acid
medium does not result in significant stim-
ulation of gastric secretion. Moreover, this
experiment suggests that the antrum in
such an environment is capable of produc-
ing an inhibitory substance which will ac-
tively reduce acid output. The antrum in
its normal location may act as an important
mechanism to reduce the postprandial se-
cretion of hydrochloric acid. Failure of this
mechanism may play some role in the de-
velopment of peptic ulceration.
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