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Ontogeny of Gastric Acid Secretion in the Rat:

Evidence for Multiple Response Systems

Abstract. Gastric acid secretion has been thought to depend on histamine stim-
ulation of the parietal cell. However, in the 2-week-old rat neither exogenous
histamine nor the H-2 receptor agonist impromidine stimulates acid secretion,
whereas pentagastrin and the cholinergic agent bethanechol are potent stimuli. At
this age, the effect of pentagastrin on acid secretion is not blocked by the H-2
receptor antagonist cimetidine, nor is it potentiated by impromidine. These data

suggest that,

in the rat pup, the acid secretory response to pentagastrin and

cholinergic agents occurs before the histamine-mediated system is functional and
operates independently of the actions of histamine.

The role of histamine in the regulation
of H" ion secretion from the gastric
parietal cell has been debated for more
than 30 years. Early data suggested the
hypothesis that histamine is the final
common stimulator of H* secretion (7).
Gastrin and cholinergic agonists, which
also stimulate acid secretion, were
thought to do so by releasing histamine.
This view was later supported by the
discovery of the histamine-2 (H-2) recep-
tor antagonists burimamide, metiamide,
and cimetidine (2). These antagonists not
only inhibit histamine-stimulated acid se-
cretion but also block the effects of gas-
trin and cholinergic agents on acid secre-
tion (3). However, in the dog, atropine
inhibits the secretory response to penta-
gastrin, 2-deoxyglucose, and liver ex-
tract but not to histamine (4), an obser-
vation that does not support the hypoth-
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esis of a common pathway involving
histamine.

An alternative hypothesis is that hista-
mine, cholinergic agents, and gastrin act
directly on their own parietal cell surface
receptors. Each may stimulate H* secre-
tion independently and may also potenti-
ate the effects of the others (5, 6).

Evidence for the independent action
of gastrin, histamine, and cholinergic

agents comes from in vitro studies of
dispersed canine parietal cells (5). Gas-
trin, histamine, and carbamylcholine can
each stimulate oxygen uptake by the
parietal cell. H-2 receptor antagonists
block only the effects of histamine, atro-
pine blocks only the effects of carbamyl-
choline, and neither blocks the effects of
gastrin on oxygen uptake. This isolated
cell system also provides in vitro evi-
dence that potentiating interactions oc-
cur between these agents.

However, to date it has not been es-
tablished in vivo whether gastrin or cho-
linergic agents directly stimulate H* se-
cretion independently of the actions of
histamine. In studying the ontogeny of
acid secretion in the rat, I found that the
secretory response to pentagastrin and
bethanechol develops before the re-
sponse to histamine. Hence gastrin and
cholinergic agents appear capable of di-
rect stimulation of H* secretion in ani-
mals unresponsive to histamine.

Wistar-derived rats were studied un-
der pentobarbital anesthesia. Output of
H™ was determined by continuous saline
perfusion of the innervated gastric lumen
(7); samples of the perfusate were col-
lected every 10 minutes, and each sam-
ple was automatically titrated to pH 7.0
with 0.01N¥ NaOH. Drugs were infused
through a jugular cannula. Rectal tem-
perature was maintained at 35.5° = 0.5°C
by external regulation.

Data were analyzed by analysis of
variance or linear regression on an IBM
370/158. Both the analyses of variance
and linear regressions were corrected for
repeated measures at appropriate levels
of the analysis.

In 14- to 16-day-old pups, infusion of
pentagastrin or bethanechol produced a
fourfold to fivefold increse in H™ output
over infusion of saline. By contrast, infu-
sion of histamine diphosphate through a
dose range of 2 to 12 mg/kg per hour did
not significantly increase H™ secretion
(Table 1) (8).

Histamine affects both H-1 and H-2
receptors, although only H-2 receptors
are found on parietal cells. To exclude
the possibility that interaction with H-1
receptors (such as those on arterioles)

Table 1. Effects of three secretagogues on acid output in 2-week-old rat pups. Values
(microequivalents per hour) are means * standard errors.
Acid output
Substance Dose N

Basal Stimulated
Histamine 8 mg/kg per hour 10 7.62 £ 1.94 10.06 = 0.61*
Pentagastrin 120 pg/kg per hour 14 6.78 = 0.81 23.0 = 0.3
Bethanechol 1 mg/kg per hour 8 5.14 £ 0.7 27.1 + 4.58%

*P > .10 (analysis of variance) (8). tP < .0l.
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Fig. 1. Effects of impromidine (0.9 pmole/kg per hour) and pentagastrin (120 pg/kg per hour) on
H* secretion in 13- to 14-day-old rat pups. Rats received saline (solid line; N = 8) or
impromidine (dashed line; N = 8) during the second and third hours of gastric perfusion.
Thereafter, all rats received pentagastrin. The effect of pentagastrin is significantly different
from that of saline (P < .0001, analysis of variance), but the effect of impromidine is not.

attenuated the acid secretory response to
histamine, I tested the response to the
H-2 receptor agonist impromidine (9).

In 13- to 14-day-old pups (24 to 29 g),
impromidine (0.9 wmole/kg per hour) did
not differ from saline in stimulating H*
secretion. However, in the same rats,
infusion of pentagastrin (120 pg/kg per
hour) produced a fourfold increase in
acid secretion (Fig. 1). In 16 additional
rats of this age, impromidine infused
through a dose range of 0.09 to 9.0
wmole/kg per hour produced no consist-
ent differences in H" secretion, indicat-
ing that the lack of responsiveness is
independent of the dose. Infusion of im-
promidine and pentagastrin in six rats
did not potentiate the response to penta-
gastrin.

Thus, pentagastrin and bethanechol
stimulate acid secretion in 2-week-old rat
pups. But H-2 receptor agonists do not
directly stimulate acid secretion or po-
tentiate the secretory effects of pentagas-
trin.

I next determined whether an H-2 re-
ceptor antagonist can attenuate penta-
gastrin-stimulated acid secretion at this
-age. Eight pairs of 13- to l4-day-old
littermates (24 to 29 g) were infused with
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Fig. 2. (A and B) Curves showing the H*
secretory response to impromidine in devel-
oping rat pups. Each point represents the
mean maximum H* response to impromidine
(0.9 pmole/kg per hour) in three to eight rats.
[The heavy bar in (A) represents the median
maximal H* response to pentagastrin in pups
weighing 20 to 40 g.] The increase in H” re-
sponse with age is significant [F(4, 22) = 7.3,
P < .01].

120 g of pentagastrin per kilogram per
hour. At the time of maximum acid se-
cretory response, cimetidine (6 pmole/
kg) or saline was injected blindly by
intravenous bolus. A stepwise multiple
regression analysis of the results showed
that cimetidine did not inhibit pentagas-
trin-stimulated acid secretion under
these conditions. In an additional four
pairs of littermates, 12 pmole of cimeti-
dine per kilogram also did not differ from
saline in its affect on pentagastrin (10).

By the fourth week (postnatal day 21),
impromidine stimulated H' secretion
and this effect was blocked by the H-2
receptor blocker cimetidine. Overall, the
developmental curve for H* responsive-
ness to impromidine is a typical S-
shaped power function, with the inflec-
tion point occurring between 19 and 22
days of age (40 to 50 g) (Fig. 2).

These results show that, developmen-
tally, H* secretory systems responsive
to pentagastrin (or bethanechol) are in
operation before systems responsive to
exogenous histamine or an H-2 receptor
agonist. Moreover, the ontogeny of re-
sponsiveness to impromidine (Fig. 2) is
almost identical with the ontogeny of
gastric histidine decarboxylase activity
reported by Aures and Hakanson (//).
Activity of this histamine-forming en-
zyme begins to increase in the third week
of life, reaching adult levels between
days 40 and 50.

It is not known why there are no H*
secretory responses to exogenous hista-
mine or impromidine before the third
postnatal week. Parietal cell H-2 recep-
tors may be absent or not fully function-
al, or H-2 receptor stimulation may not
affect the appropriate intracellular re-
sponse (12).

The findings reported here are consist-
ent with the hypothetical model pro-
posed by Soll (), which was based on in
vitro studies of dispersed canine parietal
cells. Soll proposed that H-2 receptor
antagonists (like cimetidine) only appear
to block all forms of acid secretory stim-
uli in vivo. He suggested that, instead,
such antagonists selectively block only
the direct effects of histamine and the
potentiating interactions between hista-
mine and other secretagogues. Against
the usual ‘‘background’’ of endogenous
histamine in vivo, H-2 receptor blockade
attenuates the effects of these other se-
cretagogues by eliminating potentiating
interactions with histamine. This model
predicts that, in an in vivo preparation
which lacks histamine-mediated parietal
cell stimulation, pentagastrin and other
secretagogues should still be able to
stimulate acid secretion and that this
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stimulation should not be attenuated by
H-2 receptor antagonists. The conditions
for testing this prediction appear to be
met in the 13- to 14-day-old rat, and the
results support the hypothesis.

These experiments also show that the
study of developmental schedules in
vivo can be a powerful tool for exposing
the elements of complex physiological
systems. In the mature subject one may
not be able to isolate separate elements
for examination because they are embed-
ded in the interactions that characterize
the complex system.,

In summary, the results indirectly sup-
port the concept of multiple, indepen-
dent acid-secretory respornse systems. In
the developing rat, some of these sys-
tems appear to become functional before
the histamine-mediated system is func-
tional and may operate independently of
the actions of histamine.
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Purinergic Regulation of Food Intake

Abstract. Inosine peripherally administered to rats markedly suppressed sponta-
neous food intake and food intake induced by diazepam, muscimol, insulin, and food
deprivation. The purines 2-deoxyguanosine and 2-deoxyinosine also suppressed food
deprivation-induced feeding, whereas 7-methylinosine, which does not bind to the
benzodiazepine binding site in vitro, had no effect on food intake when compared
with controls. These results suggest that purines may represent endogenous sub-
stances that regulate food intake through interactions with the benzodiazepine

receptor.

Purines occur in the brain in high
concentrations (/) and have been report-
ed to inhibit neuronal firing (2), regulate
adenosine 3',5'-monophosphate (cyclic
AMP) formation in a variety of tissues
(3), and act as competetive inhibitors of
[*H]diazepam binding in vitro (4). Al-
though the purines have a relatively low
affinity for the benzodiazepam receptor
there is evidence that purines may repre-
sent the endogenous modulators of the
benzodiazepine receptor (4). Isolates of
endogenous ligands from brain fractions
that inhibit [*H]diazepam binding were

Food intake (g/90 min)
Food intake {g/2 hours)

%5

identified by mass spectroscopy and ra-
dioimmunoassay as inosine and hypo-
xanthine (5). Central administration of
inosine and 2-deoxyinosine increased the
seizure latency induced by pentylenetet-
razole (6), and peripheral administration
of these purines reversed the exploratory
activity elicited in mice by diazepam (7);
however, neither the seizure latency (6)
nor exploratory behavior (7) were influ-
enced by purines that do not compete
with [*H]diazepam for receptor sites.
Microiontophoretic application of ino-
sine to primary cultures of mouse spinal
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Fig. 1. (A) Effect of inosine on diazepam-enhanced feeding. Rats received diazepam (2.5 mg/kg)
intraperitoneally at 2000 hours immediately followed by intraperitoneal administration of
inosine or saline. Food intake was measured for the ensuing 90 minutes. The bars represent
means * standard error; the number of animals in each group is shown at the base of each bar,
The protected least significance difference méthod was used to determine statistical significance
in all studies. *P < .05 [F(3, 34) = 5.65, P < .005]. (B) Effect of purines on food deprivation—
induced feeding. Purines [inosine, 2-deoxyguanosine (DG), 2-deoxyinosine (DI), and 7-
methylinosine (M1)] or saline were administered intraperitoneally to rats that had been food-
deprived for 30 hours, and food intake was measured for the ensuing 2 hours. The bars
represent means * standard error; the number of animals in each group is shown at the base of
each bar. *P < .05 [F(7, 82) = 5.48, P < .005].
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