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Abstract. The acid secretion from the main stomachs and from denervated Heidenhain
pouches in response to peptone meals infused in the stomach was determined in 4 dogs. When
expressed as percent of the maximal acid response to histamine, the acid secretion from the
innervated and from the denervated fundic mucosa was similar, but the response from the
Heidenhain pouch was larger when expressed as percent of the maximal response to penta-
gastrin. These studies indicate that. under the conditions used, short (gastrogastric) and long
(vagovagal) reflexes during the gastric phase, are of minor importance in inducing the acid

response to the meal.

Introduction

It has been known for many years that
during the gastric phase of postprandial acid
secretion the acid response is at least partly the
result of gastrin release. More recently Gross-
man’s [1-3, 7, 15] group showed that in dogs,
distention of the stomach stimulates acid
secretion through mechanisms which do not
involve gastrin release but rather long and
short vagal reflexes. Some data also indicate
that contact of peptides with the fundic mu-
cosa could lead to a marked increase in acid
secretion through a local mechanism once
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again independent from gastrin release [3].
However, the latter mechanisms have been
demonstrated mainly in animals prepared
with antral and/or fundic pouches, under a
constant distending pressure. The relative
importance of gastrin release, and of reflex
and local mechanisms during the gastric
phase in more physiological conditions, has
not yet been assessed. The purpose of the
present work is to make such an evaluation.

Material and Methods

Experiment 1

4 mongrel dogs with gastric fistulas (12-18 kg)
were used. Preliminary experiments showed that the
place of the cannula allowed the gastric content to be
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easily mixed and drained. No experiments werc
started sooner than 3 weeks after surgery, and the time
interval between the two experiments was at least
48 h. The dogs were deprived of food for at least 18 h
before each test. but they could drink water freely. At
the beginning of each experiment the gastric cannulas
were opencd, and basal secretions collected by gravity
for 45 min before any stimulatory procedure was
startcd. When residual food was found in the main
stomach. or when the basal secretion cxceeded
0.5 mEq/h. the experiment was cancelled. A rubber
adapter was connected to the cannula through which
the test meal could be instilled and the gastric content
sampled. The test meals were solutions of Bactopep-
tonc in water (Bactopeptone, Difco, Detroit, Mich.) in
concentrations ranging from 0 10 30%. PVP iodine-
125 (Radiochemical Center. Amersham. England) (+
5.000 cpm/ml) as a tracer. and cold PVP (1 mg/ml) to
prevent adsorption of the labeled PVP on the tubes
and stomach walls, was added. The pH was ajusted to
7.4. The meal was injected through the gastnic cannula
with a peristaltic pump over a period of 90 s. The vol-
ume of each mcal amounted to 295 ml. The gastric
contents were mixed for 1 min every 10 min with a
50-ml syringe, and S ml were sampled. Immediately
thereafter 10 ml of a solution containing PVP iodine-
125 (+ 150,000 cpm/ml) and cold PVP (1 mg/ml) was
injected into the stomach and carefully mixed with the
gastric contents. A second sample of the gastric con-
tents was then taken. The pH and acid content of gas-
tric samples were determined with a titration assem-
bly (Radiometer, Copenhagen, Denmark). The titra-
tion solution used was 0.05 M NaOH and the end
point pH 7.4. Concentrations of PVP iodine-125 were
determined in triplicate on 1-ml samples with a
gamma counter (Minigamma, LKB. Sweden). Intra-
gastric volumes and rates of acid secretion were deter-
mined according to the method described by Dubois et
al. [5). using a Hewlett Packard MP97 computer (Palo
Alto, Calif)). The use of this method has been vali-
dated for both water and Bactopeptone solutions [4,
S]. Moreover, in preliminary experiments, the 4 dogs
used in the present study were treated with cimetidine
(2.5 mg/kg/h) and an HCI solution (0.16 M) was in-
fused at a constant rate into the stomach through a
small catheter connected to the cannula. A 15% Bac-
topeptone meal was then introduced into the stomach
and the HCl influx calculated by the above-mentioned
method. Calculated influx ranged from 80 to 120% of
the real influx.
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Fig. 1. Mcan + SEM intragastric volumes ob-
served after introduction of water or Bactopeptone
meals in the stomach of gastric fistula dogs. ® = Bacto-
peptone 0%; o = Bactopeptone 7.5%; v = Bactopep-
tone 15%; v = Bactopeptonc 30%. * = Theoretical
value at the zero.

Blood samples were obtained at regular intervals
from a catheter placed in a leg vein, and perfused with
saline solution containing heparin. Blood was allowed
to clot at 4 °C, serum removed and stored at -20°C
until assaved for gastrin. Serum gastrin was measured
by a previously described radioimmunoassay [17].

Experiment 2

4 other dogs (10-19 kg) were prepared with a den-
ervated fundic pouch (Heidenhain pouch) and a gas-
tric fistula. The pouch was made in such a way that the
gencral shape of the stomach remained intact. The
dogs were given the same conditions and controls as in
experiment 1. The volumes of the meals were reduced
to 250 ml. Acid secretion from the pouch was col-
lected by gravity every 10 min, and the acid concen-
tration determined with 0.05 A NaOH using a titra-
tion assembly.

In order to compare the rates of acid secretion in
the 4 dogs, in which the gastric acid outputs were dif-
ferent. the results of the feeding tests were expressed as
percentages of the maximal acid responses to penta-
gastrin and histamine. The maximal acid responses to
histamine and pentagastrin werce determined for the
main stomach and the Heidenhain pouch in each of
the dogs. Histamine (Merck, Darmstadt, FRG) and
pentagastrin (ICI. Macclesfield. Cheshire, England)
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Fig. 2. Mcan = SEM acid outputs in responsc to Bactopeptone mecals in gastric fistula dogs. Symbols as in

figure 1. B = Basal values zero.

were infused intravenously for 45 min with a peristal-
tic pump. at doses ranging from 80 to 320 pg/kg/h and
2-8 ug/kg/h, respectively. Acid outputs were esti-
mated during the last 15 min of each period. The high-
est sccretion rate obtained was taken as the maximal
acid output.

Statistical Analysis

All experiments were performed twice on each of
the 4 dogs. Statistical analysis of the data was per-
formed using the analysis of variance. For each exper-
iment, the total acid output was taken into consider-
ation as recommended by Elashoff [6].

Results

Experiment 1

Water leaves the stomach very rapidly.
Gastric emptying is slowed dose-dependently
by adding increasing amounts of Bactopep-
tone to the meal (fig. 1).

An acid response was obtained with all
meals. The peak acid output was lower with
the 30% Bactopeptone meal than with the
7.5 or 15% Bactopeptone meals (fig. 2). Peak

gastrin concentrations were similar for the
three meals containing Bactopeptone (fig. 3).

With the 0, 7.5 and 15% Bactopeptone
meals, the importance and duration of the
acid response was similar to the duration and
importance of gastrin release. A linear corre-
lation was found between the log gastrin level
and acid output (fig. 4).

Experiment 2

A clearcut distention of the stomach was
obtained with all of the Bactopeptone meals
(fig. 5).

In the main stomach, the maximal acid
outputs ranged from 3.04 to 6.54 mEq/
10 min in response to histamine and from
2.02 t0 4.83 mEq/10 min in response to pen-
tagastrin. In the Heidenhain pouches these
values ranged, respectively, from 0.47 to 1.21
mEq/10 min for histamine. and from 0.13 to
0.82 mEq/10 min for pentagastrin.

During the feeding tests, an acid response
to all meals was obtained from both the fis-
tula and the Heidenhain pouch. The highest
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Fig. 3. Mean + SEM serum gastrin concentrations in response 10 Bactopeptone meals in gastric fistula dogs.
Symbols as in figure 1.

5000 4 r=077
%
c
£ 4000 - L
‘:3 v [} ]
& 3000 - J
SRt ° o
v
> /o ?
’32, o (g A
3
B .
< 1,000 -
140 150 160 170 180 190 200

Log serum gastrin level

250 *

200 -

Intragastric volume, ml
8
1

i \ﬁ
T T T

Fig. 4. Corrclation between the log serum gastrin
levels and acid outputs in gastric fistula dogs stimu-
lated with 0. 7.5 adn 15% Bactopeptone meals. Sym-

bols as in figurc 1.

Fig.5. Mean * SEM intragastric volumes ob-
served after introduction of water or Baclopeptone
meals 1n the stomach of gastric fistula dogs provided
with Heidenhain pouches. Symbols as in figure 1.
* = Theoretical value at the zero.
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acid output was observed with the 7.5% pep-
tone meal (fig. 6, 7).

When expressed as percentages of the
maximal acid response to histamine, the acid
outputs from the main stomach and the Hei-
denhain pouch were almost identical. When
expressed as percentages of the maximal re-
sponse 1o pentagastrin, the acid responscs

from the Heidenhain pouches were signifi-
cantly greater than those from the fistulas for
the 0, 7.5 and 15% bactopeptone meals (p <
0.01 1in all three cases).

When the whole set of data is taken into
consideration, a striking parallelism can be ob-
served between the responses from the main
stomachand those from thedencrvated pouch.
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Discussion

The different meals used in the prescnt
study all elicited a gastric distention, and a
clear cut gastrin and acid response. The dura-
tion of distention increased with the concen-
tration of peptone in the meal. This observa-
tion is explained by the presence in the gut of
osmoreceptors activating inhibitory feedback
mechanisms slowing gastric emptying. Gas-
tric emptying of similar solutions was faster
in dogs provided with Heidenhain pouches
than in dogs with a simple gastric fistula.
This difference is probably related to the
acceleration of gastric emptying occurring af-
ter fundectomy [16]. The peak acid response,
but not the peak serum gastrin response, was
lower with the 30% Bactopeptone meal than
with the less concentrated meals. This inhib-
itory eflect can be explained by the high
osmolarity of the most concentrated meal. In
fact, Teichmann et al. [14] observed that
infusion of hypertonic solutions in the duo-
denum caused greater suppression of acid se-
cretion than of gastrin release. For the 0, 7.5
and 15% Bactopeptone meals, correlation
was found between log serum gastrin levels
and acid response, indicating that gastrin
could be the most important mediator of the
acid response in the conditions used. The
correlation is, however, weak. and other
mechanisms (stimulating and inhibiting) are
thus probably also involved.

Several reflex mechanisms originating
from the stomach and inducing an acid secre-
tion from the parietal cells have been demon-
strated in dogs [1-3]. Distention of an inner-
vated antral pouch with a 100 mAM HCI solu-
tion induces an important acid response from
avagallyinnervated stomach, withoutany gas-
trin release. Vagal denervation of the antral
pouchabolishes thiseffect. Thus, thisresponse

is probably a vagovagal reflex called the pylo-
ro-oxyntic reflex. Distention of a vagally in-
nervated antrectomized stomach, or of a de-
nervated Heidenhain pouch, causes a modest
increase in acid secretion but potentiates
the responses to exogenous stimuli, such as
pentagastrin or histamine [1, 7). These re-
sponses are presumed to be mediated by vago-
vagal and intramural reflexes. It has also been
stated that contact of peptides with the oxyn-
tic gland area could induce an acid response
through a chemical agent acting topically [3].
In this case, however, it has recently been re-
ported that the increase in titratable acidity
could partly be due to carbonic acid rather than
solely to HCI [7]. Peters et al. [11] recent-
ly reported that, in man, propranolol reduced
distention-induced gastrin release but not gas-
tric acid secretion. This is another example of
a nongastrin-mediated reflex acid response.
Almost all of the above-mentioned exper-
iments were performed on animals prepared
with pouches. under rather large and con-
stant intragastric pressures. One can there-
fore wonder whether these mechanisms do
intervene under more physiological condi-
tions. If this were the case, and under the
conditions used in our experiments, a larger
response from the main stomach, rather than
from the denervated pouch, could have been
expected, since only the main stomach is
innervated. distended and filled with the pep-
tone solution. On the contrary, the acid re-
sponses were similar when expressed as per-
centages of the maximal acid response to his-
tamine, and the responses from the pouches
were larger when expressed as percentages of
the maximal acid response to pentagastrin.
Under the conditions used in our experi-
ments, one could have imagined that the in-
tragastric volumes were such that virtually no
distention occurred. But this was not the case,
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at least with the 15 and 30% Bactopeptone
meals. During these experiments, the intragas-
tric volumes exceeded 100 ml for at least 50
min, and it must be taken into consideration
that in Heidenhain pouch dogs the volume
of the main stomach was decreased by the con-
struction of the pouch. In the experiments
of Debasetal.[1],distention ofan antral pouch
with an acid solution infused at a pressure of
15 cm initiated a marked acid secretion from
the innervated fundic mucosa. In Strunz’s and
Grossman’s[13)experiments, distention of the
intact stomach at a pressure of 15 cm resulted
in an intragastric volume of about 125 ml.

Some of the above-mentioned reflexes
could have been blocked by an acidification
of the contents, of the main stomach. but in
our experiments the intragastric pH was
monitored, and fell below pH 4 only at the
very end of the experiments.

In the Heidenhain pouches, the acid re-
sponse 1o 7.5% Bactopeptone meal was
larger than the maximal response to penta-
gastrin. This can be explained by the release
of a stimulatory hormone different from gas-
trin (entero-oxyntin) [7]. If this assumption is
correct it might be surprising that such a
response was not observed in the main stom-
ach. However, intragastric administration of
a peptone meal induces both stimulatory and
inhibitory mechanisms [7]. The inhibitory
mechanisms act probably more strongly on
the innervated stomach than on the dener-
vated one. In fact, some of the inhibitory
mechanisms are probably reflexes, and most
of the hormonal inhibitors act more strongly
on the innervated than on the denervated
fundic mucosa. This could explain why the
response from the pouch is larger than the
one from the main stomach when both are
expressed as percentages of the maximal re-
sponses to pentagastrin,

An alternative explanation could be of-
fered to the experiments of Debas et al. [1].
These authors concluded that the gastrin-
independent stimulation of acid secretion ob-
tained after antral distention with an acid
solution is a pyloro-oxyntic reflex, because
the acid response occurred only in the inner-
vated fundic mucosa and was completely
abolished by antral denervation. But this
stimulation may be hormonal provided that
it i1s assumed that the antrum is able to
release a nongastrinic hormone able to stim-
ulate acid secretion, and the release and ac-
tion of which are weakly inhibited by acidifi-
cation of the antrum but strongly dependent
on the vagal tone. Interestingly enough, in the
experiments of Debas et al. [1-3], gastrin
release by antral distention was almost com-
pletely abolished by antral denervation, but
distention of the denervated antrum with bi-
carbonate still induced a large acid secretion
from the innervated and denervated stom-
ach. On the other hand, indirect evidence
indicates that the antrum could release a non-
gastrinic stimulant of acid secretion [10].

Thus, our data indicate, under the condi-
tions used (namely in the absence of cephalic
phase, and with a liquid meal of 250 ml),
either that stimulatory reflexes acting on the
oxyntic mucosa are of minor importance in
inducing the acid response. or that reflex
inhibition overcomes reflex stimulation in
the innervated stomach.

In a recent study [12] performed on hu-
mans, and using peptone meals injected into
the stomach, a strong correlation between a
rise in serum gastrin and in acid secretion
was observed. In the present experiments
similar observations were made. In such con-
ditions, and in both species, it seems that the
main mechanisms which stimulate acid se-
cretion are hormonal and humoral. How-
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ever, the vagal tone is able to modulate the
responses. The similarity of the inhibitory
effects of hypertonic peptone meals on the
innervated and on the vagally denervated
stomach indicates that during the gastric and
intestinal phases. vagal impulses are as unim-
portant for the inhibition of acid secretion as
they are in the stimulation of this secretion.
Guldvog [8] and Guldvog and Gedde-Dahl
[9] have performed experiments on dogs pro-
vided with both innervated and denervated
pouches. The animals were fed with a normal
meal. The early acid response was larger in
the innervated pouch than in the denervated
pouch, but the late acid response was similar
in both pouches. These data are in agreement
with the above-mentioned conclusion, and
also indicate that, at least in dogs, vagal im-
pulses do play a role in the stimulation of
acid secretion during the cephalic phase.
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