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The Interaction of Histamine with Gastrin and

Carbamylcholine on Oxygen Uptake by Isolated

Mammalian Parietal Cells

ANDREWH. SOLL, Veterans Administration Wadsworth Hospital Cen ter, Los Angeles,
California 90073, and the University of California at Los Angeles School of
Medicine, Los Angeles, California 90024

A B ST RACT Using oxygen uptake as an index of the
physiological response of isolated parietal cells, the
interactions between histamine and gastrin and be-
tween histamine and carbamylcholine and the effects of
atropine and metiamide on these interactions have
been studied. Parietal cells were isolated from canine
fundic mucosa by sequential exposure of separated
mucosa to collagenase and EDTA. In previous studies
carbamylcholine, isobutyl methyl xanthine, gastrin,
and histamine have each been shown to increase
oxygen uptake by these cells. Isobutyl methyl xanthine
greatly enhanced the histamine effect. Carbamyl-
choline was inhibited by atropine but not by
metiamide, histamine was inhibited by metiamide but
not by atropine, and gastrin was inhibited by neither,
suggesting that each of these agents has a direct action
on the parietal cell. In the present studies, potentiating
interactions between histamine and carbamylcholine
and between histamine and gastrin have been
demonstrated. Against a histamine (0.1 and 1 ,M) plus
isobutyl methyl xanthine (0.1 mM) background, the
dose for 50% response for gastrin was approximately 1
nM, and the maximal response was obtained at 0.1 AM.
When added to these combinations of stimulants,
metiamide and atropine retained their respective
specificities against stimulation by histamine and
carbamylcholine, in that responses were inhibited to
the level that was seen when the component of the pair
that was not inhibited was given alone.

The observation that histamine plus gastrin and
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histamine plus carbamylcholine produced maximal
responses that were greater than the maximal response
to histamine alone further supports the hypothesis that
these agents each have direct actions on parietal cells.
These observations are not consistent with the
hypothesis that histamine is the sole mediator for the
effects of other secretagogues. Furthermore, the inhibi-
torv effects of atropine and metiamide on the specific
cholinergic and histaminic components of the interac-
tions that occur between secretagogues provide a
possible explanation for the apparent lack of specificity
of these agents on in vivo acid secretion.

INTRODUCTION

Histamine, gastrin, and cholinergic agents each stimu-
lated oxygen consumption by dispersed parietal cells
prepared from canine fundic mucosa (3). Parietal cells
appeared to largely account for these increases in
oxygen consumption. Based upon the correlation of
acid secretion and oxygen consumption in in vitro
studies with amphibian mucosa and with an ex vivo
stomach preparation (3), the increases in oxygen
consumption by the isolated parietal cells were taken as
evidence of stimulation of the parietal cell acid
secretory mechanisms. In this previous study, data was
obtained suggesting that the parietal cells have separate
receptors for each of these agents, since histamine was
inhibited by metiamide but not by atropine, carbamyl-
choline was inhibited by atropine but not by
metiamide, and gastrin was inhibited by neither
atropine nor metiamide (3). These results, however, are
in apparent conflict with in vivo studies of acid secre-
tion in which atropine inhibits the actions of histamine
(4-6) and gastrin (5, 7), as well as acetylcholine,
and in which H2-histamine antagonists inhibit the
actions of gastrin (8-12) and cholinergic agents (13, 14),
as well as histamine. This apparent nonspecificity of
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inhibitors may be the result of the sequential action of
secretagogues with, for example, gastrin releasing
mucosal histamine and histamine in turn acting directly
upon the parietal cell. H2-blockers would then interfere
with the histamine mediation of gastrin action. A
second possibility is that the H2-antagonists and
anticholinergic agents may block receptors other than
for histamine and acetylcholine, respectively, thus
interfering with the receptor binding of presumably
unrelated agents. Alternatively, endogenous mucosal
histamine and (or) acetylcholine may be released
spontaneously in the basal state and may interact with
other secretagogues on the parietal cell. The apparent
lack of specificity of H2-antagonists and anticholiner-
gics would then reflect specific inhibition of the
histaminic and cholinergic components of these in-
teractions. In the present study, with oxygen uptake as
an index of the physiological response of dispersed
parietal cells, the interactions between histamine and
gastrin and between histamine and cholinergic agents,
and the effects of atropine and metiamide on these
interactions, were examined.

The findings of these studies are compatible with a
model based upon interaction of secretagogues at the
parietal cell in which the inhibitory actions of an-
ticholinergics and H2-receptor antagonists against
combinations of stimulants can be explained by their
respective removal of the cholinergic and histaminic
components of these interactions.

METHODS
Cells were prepared from canine fundic mucosa which was
completely separated from submucosa and then incubated in
basal essential medium with crude collagenase III (Worth-
ington Biochemical Corp., Freehold, N.J., 0.75 mg/ml), fol-
lowed by incubation in the same medium with 1-2 mM
EDTA, and then returned to the collagenase containing
medium. These methods and the methods for determining
oxygen uptake and for data analysis have been detailed
previously (3). The present studies were done both on crude
mucosal cell fractions and on enriched parietal cell fractions
obtained with the Beckman elutriator rotor (Beckman Instru-
ments, Inc., Fullerton, Calif.) (3).

The data are expressed as the percentage of the maximal
increment above basal produced by 10uM histamine plus
0.1 mMN4isobutyl methyl xanthine, the only exception being the
dose-response studies with gastrin, where the data are
expressed as the percentage of the maximal increment above
the histamine plus isobutyl methyl xanthine (IMX)'
background produced by 0.1 ,uM gastrin and Table I where the
data are expressed as the percentage increase over basal
oxygen uptake. These transformations to the percentage of a
maximal increment above basal or background greatly facili-
tate combining data from different experiments (3). The
percentage increases in oxygen uptake for each preparation are
noted in the figure legends, and the absolute rates of oxygen
consumption can be calculated from these data and from the

I Abbreviations used in this paper: D50, dose for 50%
response; IMX, isobutyl methyl xanthine.

mean basal oxygen uptake for crude and enriched cell fractions
(3).

In previous studies (3), the phosphodiesterase inhibitor
IMX was found to markedly enhance the response to
histamine, and in the present studies this agent was included
at 0.1 mMin all incubations in which histamine was used
unless otherwise noted.

RESULTS

Histamine-gastrin interactions. Gastrin (natural
hog heptadecapeptide gastrin, 0.1 ,M) which alone
produced a 12% increase in oxygen uptake above basal
(3), markedly enhanced the response to histamine. This
combination of 0.1 ,uM gastrin with 10 ,uM histamine
produced a response in nine consecutive preparations
that was 157 + 8.2% (mean +SE) of the maximal
increment above basal produced by histamine, with a
range from 114.7 to 191.5% and the difference statisti-
cally significant by the t test for paired values
(P <0.01). In each of these nine preparations the
response to the combination of histamine plus gastrin
was greater than the sum of the responses to the
individual agents, and this difference was statistically
significant by the paired t test (P <0.01). In four
preparations, the effect of 0.1 ,uM gastrin upon the
dose-response relation to histamine was studied, and
enhancement by gastrin was evident at histamine
concentrations from 0.1 uM to 0.1 mM(Fig. 1). This
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FIGURE 1 The effect of gastrin on the dose-response
relationship for histamine (H). Oxygen uptake is expressed as
the percentage of the maximal increment above basal
produced by 10,M histamine. The responses to histamine
(0), histamine plus 0.1 ,uM heptadecapeptide gastrin (G-17)
(A), and 0.1 ,uM G-17 alone (closed bar) were studied in three
separate preparations of unenriched cells and in a single
enriched preparation with 53% parietal cells (histamine, 0;
histamine plus 0.1 ,M G-17, LA; and 0.1 ,MM G-17 alone, open
bar). In the separate preparations each point represents at least
duplicate independent determinations. Error bars represent
SE, based upon preparation means. 10,uM histamine pro-
duced a mean response of 89.7+7.6% above basal in the
preparations of unenriched cells and 42.3% above basal with
the enriched cells. 0.1 mMIMX was present when histamine
was used.
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enhancement by gastrin of the action of histamine was
qualitatively similar in the unenriched and enriched
parietal cell fractions.

The enhancement by histamine of gastrin-stimulated
oxygen uptake facilitated the study of the dose-
response relation of gastrin. The gastrin dose-response
relation was studied against a background of 0.1 and
1 ,uM histamine (Fig. 2). To allow the data in the three
separate preparations to be combined, the data are
expressed as the percentage of the maximal increment
of gastrin-stimulated oxygen uptake above the his-
tamine background. The maximal response to gastrin
was observed at 0.1 ,uM in two of the three preparations,
with the dose for 50%response (D50) estimated at 1 nM.

For all of the above experiments, 0.1 mMIMX was
present whenever histamine was studied. Histamine-
gastrin interactions in the absence of IMX have been
examined on three occasions and although the combina-
tion produced a response that was greater than the re-
sponses to either agent alone, the differences were
small and not statistically significant with the number of
observations obtained (data not shown).

Effects of metiamide and atro pine on the
histamine-gastrin interaction. The effect of 10 ,uM
metiamide on the histamine-gastrin interaction was
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FIGURE 2 The dose-response relationship to gastrin with a
histamine (H) background. The dose-response relationship for
heptadecapeptide gastrin (G-17) was tested with a histamine
background of 1 ANM in one preparation and 0.1 AM
in two others. The data represent the mean-+SE (based upon
preparation means) for at least duplicate determinations in
each preparation and have been expressed as the percentage of
the maximal increment above the histamine background
produced by the addition of 0.1 ,uM G-17. This concentration
of gastrin produced a maximal response in two of the three
preparations. In these experiments 0.1 ,tM histamine pro-
duced responses 14.0 and 17.6% above basal. The addition of
G-17 (0.1 AM) produced responses that were, respectively,
57.8 and 46.4% above basal. The 1 ,uM histamine background
produced a response that was 38.2% above basal and the
addition of 0.1 .tLM G-17 resulted in a response 92.3% above
basal. 0.1 mM IMX was present for all incubations with
histamine.

studied with gastrin at 0.1 ,M and histamine at both 1
and 0.1 ,uM (Fig. 3). In each of the three preparations
tested, metiamide caused marked inhibition of the
histamine-gastrin response. In earlier studies (3), this
concentration of metiamide was found to abolish the
response to 1 uM histamine but had no effect on the
small direct stimulation of oxygen uptake by 0.1 ,tLI
gastrin.2 10 ,uM atropine did not inhibit the response to
the histamine-gastrin combination (Fig. 3).

Histamine-carbamylcholine interactions. In nine
consecutive preparations the addition of 1 mMcar-
bamylcholine resulted in a response that was
157.0+16.0% of the maximal response to histamine (10
,uM ), with a range of 94.6 to 248.7% and the difference
statistically significant by t test for paired values
(P < 0.01). The effects of several concentrations of
carbamylcholine on the histamine dose-response rela-
tionship were studied (Fig. 4) as was the effect of a 10
,uM histamine background on the dose-response rela-
tionship of carbamylcholine (data not shown). En-
hancement was evident with histamine concentrations
of 10 and 1 ,M and with carbamylcholine at concentra-
tions above 1 uM .

There was considerable variability from preparation
to preparation in the magnitude of the augmentary
interactions between carbamylcholine and histamine
as was observed with the interactions between his-
tamine and gastrin. In three cell preparations (Figs. 4A
and 4C, for example) the magnitude of the interactions
between 10lM histamine and 1 mMcarbamylcholine
was great enough so that the response to the combina-
tion was greater than the sum of the individual
responses. In each of five preparations where the
interaction of carbamylcholine with a lower concentra-
tion of histamine (1 ,uM) was tested, the response to the
combination was greater than the sum of the individual
responses (P = 0.028, by paired t test).

As with the gastrin-histamine interactions, 0.1 mM
IMX was present for the study of these histamine-
carbamylcholine interactions. In two preparations,
histamine-carbamylcholine interactions were tested in
the absence of IMX and significant enhancement was
not demonstrated (data not shown).

The effects of atro pine and metiamide on the
carbamylcholine-histamine interaction. The effects
of 10 ,M metiamide and 10 t,M atropine on the

2 Because of the small magnitude of the gastrin response, the
experiments in which metiamide was shown not to inhibit the
direct response to gastrin (3) required serial determinations of
the basal oxygen uptake and of the responses to gastrin and
gastrin plus metiamide to achieve statistical significance. In
Fig. 3B and C, the apparent return of the metiamide-treated
histamine-gastrin combination to the base line raises the
question of whether metiamide inhibits the direct response to
gastrin. The experiments in Fig. 3 did not include an adequate
number of properly sequenced determinations to answer this
question.
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FIGURE 3 The effects of metiamide (Mt) and atropine (A) on the histamine-gastrin interaction.
Oxygen uptake was determined for unenriched mucosal cells and expressed as the percentage of
the maximal increment above basal produced by histamine (H) (10 AM). Each panel represents a

separate preparation, with the data representing the mean +SE for the indicated number of
determinations. The following concentration of agents were use: 0.1 ,uM heptadecapeptide gastrin
(G-17), 0.1 mMIMX, 10 ,M metiamide, 10 ,M atropine, 0.1 ,iM histamine in panels A and C, and
1 ,uM histamine in panel B. The maximal responses produced by 10 JIM histamine were 98.6%,
50.1% and 75.9% above basal in panels A, B, and C, respectively. 0.1 mMIMX was present in all
incubations where histamine was used.

response to the combination of histamine and two
concentrations of carbamylcholine were studied in
three preparations (Fig. 5). Atropine partially inhibited
the response to the combination of histamine and
carbamylcholine, with the residual response similar to

the response produced by histamine. The addition of
metiamide to the histamine-carbamylcholine combina-
tion also caused partial inhibition with the remaining
response similar to the response produced by car-

bamylcholine. The addition of both metiamide and
atropine completely inhibited the histamine-carbamyl-
choline response.

Carbamylcholine-gastrin interactions. Interac-
tions between carbamylcholine and gastrin were tested
in five cell preparations. In the representative cell
preparation in Table I as in four of the five preparations
tested, the response to the combination of carbamyl-
choline and gastrin was greater than the responses to
either agent alone. In all but one preparation however
the response to the combination was less than the sum

of the individual responses and also less than the
maximal response to carbamylcholine alone. In two
preparations carbamylcholine-gastrin interactions
were also tested in the presence of IMX; in both
instances the increment over IMX produced by the
combination of carbamylcholine and gastrin was

greater than the increment over IMX produced by

either agent alone, but was less than the sum of these
two latter increments (data for one experiment shown in
Table I).

DISCUSSION

The emphasis of the present work has been to
determine whether potentiating interactions between
gastric secretagogues can be demonstrated with oxygen

uptake as an index of the physiological response of
isolated parietal cells. Any consideration of the interac-
tions between secretagogues becomes immediately
entangled in the confusion resulting from the contradic-
tory definitions used to describe these interactions.
Underlying this confusion is our lack of understanding
of the mechanisms of these interactions. Emphasis has
been placed in previous considerations of these
interactions upon whether a combination of agents
enhances the sensitivity (a decrease in the D50, termed
alternatively potentiation [15] and synergism [16]) or

enhances the maximal response (termed alternatively
effication [15] and potentiation [16]). Alternatively
potentiating interactions have been said to exist when
the response to the combination of agents exceeds the
sum of the individual responses (17). These distinctions
however do not have clear implications regarding the
potential mechanisms of these interactions. The pres-
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FIGURE4 The effects of carbamylcholine (C) on the dose-response relationship to histamine (H).
Oxygen uptake was determined in three separate preparations and represents the mean of at least
duplicate determinations in each preparation and has been expressed as the percentage of the
maximal increment above basal produced by histamine (10 ,uM). Histamine (@) was also tested with
the following agents as background: 1 mMcarbamylcholine (0), 10 ,uM carbamylcholine (A) and 1 ,uM
carbamylcholine (A). The responses to carbamylcholine alone are indicated by the open bars. The
maximal responses to histamine (10 ,uM) were 69.7%, 36.5%, and 83.8% above basal in panels A, B,
and C, respectively. 0.1 mMIMX was present when histamine was used.

ent work deals with the existence of potentiating
interactions in isolated cells, not with the mechanisms
involved, and for purposes of the present discussion
interactions will be considered to be potentiating when
the response to the combination of agents is either
greater than the maximal response to either agent alone
or greater than the sum of the individual responses.

In a previous study, histamine, gastrin, and choliner-
gic agents were found to stimulate oxygen uptake by
isolated mammalian parietal cells (3). The isolated
parietal cell appeared to have specific receptors for each
of these three secretagogues in that anticholinergics and
H2-receptor antagonists were specific for the actions of
cholinergic agents and histamine respectively, and
neither of these inhibitors altered the small direct
response to gastrin (3). In the present study, interac-
tions between histamine and cholinergic agents and
between histamine and gastrin have been found. These
interactions can be considered potentiating by either of
the definitions mentioned above in that with both of
these interactions the response to the combination of
agents was greater than the maximal response to either
agent alone and also greater than the sum of the

individual responses. Furthermore, in this isolated
parietal cell system, metiamide and atropine appeared
to retain their respective specificities against the
histaminic and cholinergic components of these in-
teractions. It is important to note that under the in vitro
conditions of the present study, gastrin alone was a

weak stimulant of the isolated parietal cell, but that
gastrin action was markedly enhanced by interaction
with histamine. In a few cell preparations stimulation
by gastrin alone was not apparent, whereas with a

histamine background further stimulation by gastrin
was of clear statistical significance (e.g., Fig. 3C).

These interactions between histamine and gastrin
and histamine and carbamylcholine were demonstrated
in the presence of IMX. Attempts to demonstrate these
interactions without IMX did not achieve statistical
significance. In previous studies of oxygen consump-

tion (3), aminopyrine accumuluation (18), and cyclic
AMPproduction (19), parietal cells prepared by the
present techniques responded poorly to histamine in
the absence of IMX. Phosphodiesterase inhibition by
IMX however markedly potentiated the action of
histamine on these three indices of response. This IMX
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FIGURE 5 The effects of metiamide (Mt) and atropine (A) on the histamine-carbamylcholine
interaction. Oxygen uptake is expressed as the percentage of the maximal response above basal
produced by histamine (H) (10 ,uM). (A) The data represent the mean+SE based upon four
determinations from a single preparation of cells. The agents were studied at the following
concentrations: 10 uM carbamylcholine (C), 1 ,uM histamine, 10 ,uM metiamide, and 10 'UM
atropine. (B) The data represent the mean±SE based upon six determinations pooled from two
separate preparations of cells with the same agents as in A except for the use of 1 IsM
carbamylcholine. The response to 10 uMhistamine was 73.3% above basal in A and 89.8 and 92.5%
above basal in the two experiments in B. 0.1 mMIMX was present in all incubations where
histamine was studied.

enhancement of cyclic AMP accumulation together
with the IMX potentiation of oxygen uptake and
aminopyrine accumulation suggests that these latter
two effects of histamine are cyclic AMPdependent. In
the present studies, phosphodiesterase inhibition also
enhanced interactions between histamine and the other
secretagogues thus supporting the view that cyclic
AMPaccumulation may be necessary for interactions
with histamine to occur.

TABLE I
Interactions between Gastrin and Carbamylcholine

Increase in 02 uptake* n

CT 19.5±1.4 4
G-17 17.8±1.7 4
C + G-17 24.6±+1.3 4
IMX 24.1±1.3 6
IMX + C 52.4±1.6 6
IMX + G-17 48.6±3.5 4
IMX + G-17 + C 60.7±1.8 6

C, carbamylcholine; G-17, heptadecapeptide gastrin.
* Percentage increase in oxygen uptake over basal as the
mean±SE for n determinations from a single preparation of
unenriched cells.
t Agents used in the following concentrations: 1 AMC, 0.1
,uM G-17, and 0.1 mMIMX.

Two observations indicate that histamine accounts
for the major effects of interactions involving histamine
and IMX, with IMX serving to potentiate the actions of
histamine. Metiamide at 10 ,uM appeared to be specific
for histamine in that gastrin and carbamylcholine were

not inhibited (3); however, stimulation by IMX alone
was inhibited by metiamide (3). Furthermore, in light of
this apparent specificity of metiamide, the observations
that the response to the histamine-IMX-gastrin combi-
nation in the presence of metiamide was not greater
than the response to gastrin alone and that the response

to the histamine-IMX-carbamylcholine combination in
the presence of metiamide was not greater than the
response to carbamylcholine alone indicate that his-
tamine accounts for the major effects of interactions
involving histamine plus IMX.

In contrast to the potentiating interactions demon-
strated between histamine and gastrin and histamine
and carbamylcholine, interactions between gastrin and
carbamylcholine were of much smaller magnitude and
not clearly potentiating. Furthermore the presence of
phosphodiesterase inhibition by IMX did not alter
these findings with carbamylcholine and gastrin. It is
clear however that in vivo potentiating interaction
between cholinergic agents and gastrin do occur and in
vivo atropine inhibits the action of gastrin (vide infra).
Several possible factors may explain the present failure
to clearly demonstrate potentiating gastrin-cholinergic
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interactions: (a) The present system of determining
oxygen uptake may be too insensitive to demonstrate
these interactions that may be present but of smaller
magnitude than interactions involving histamine. (b)
The absence of cholinergic-gastrin interactions may
result from damage to the parietal cells during isolation.
(c) These interactions may, in fact, be three-way
interactions requiring the presence of histamine for
their demonstration, a possibility that has not yet been
tested. The study of cholinergic-gastrin interactions in
vivo in the presence of H2-receptor blockade might
throw light on whether this hypothesis has validity in
vivo. (d) Gastrin-cholinergic interactions, although they
occur in vivo, may not occur at the parietal cell itself.
Other pathways may need to be intact for demonstration
of these interactions.

The observation that the responses to the combina-
tions of histamine and gastrin and histamine and
carbamylcholine were greater than the maximal re-
sponse to histamine plus IMX alone indicates that
histamine cannot mediate all of the actions of gastrin
and cholinergic agents on the parietal cell. It appears
rather that the actions of gastrin and cholinergic agents
must include a component of direct action on the
parietal cell enhanced by interaction with the direct
action of histamine on the parietal cell. The present
results by no means exclude the possibility that gastrin
and acetylcholine may also affect the metabolism of
histamine by altering histamine uptake, the activity of
histidine decarboxylase, or the release of histamine
from mucosal stores.

Interaction between carbamylcholine and histamine
has also been demonstrated in in vitro studies with
gastric glands isolated from rabbit fundic mucosa (20).
Berglindh did not, however, find either a direct
response to gastrin or gastrin potentiation of histamine
action, findings which were interpreted as indicating
that gastrin does not act directly on the parietal cell.
Failure to find gastrin action or interaction could
however reflect selective impairment of the gastrin
response resulting from use of a different enzyme
(Collagenase I, 1 mg/ml, Sigma Chemical Co., St.
Louis, Mo.) or possibly from species differences.

That interactions occur in vivo between histamine,
gastrin, and acetylcholine is suggested by several
experimental findings. The actions of each of these
three agents are enhanced by their simultaneous
administration with a second secretagogue (16, 21-25);
however, interactions demonstrated in this manner are
species dependent and variable in magnitude (15,
26-28). A dramatic demonstration of secretagogue
interactions has been made in studies with the ex vivo
canine stomach preparation where marked potentiation
was found between histamine and pentagastrin, be-
tween histamine and bethanechol, and between pen-
tagastrin and bethanechol (29, 30). Further in vivo

evidence for interactions between secretagogues
comes from studies of secretagogue effect on acid
secretion after both vagotomy and antrectomy. Vagot-
omy depresses acid secretion not only in response to
vagal stimulation, but also in response to gastrin-,
histamine-, and meal-stimulation (31-33). Further-
more, antrectomy removes not only the acid secretion
stimulated by release of antral gastrin, but also
decreases the direct secretory response to other stimuli
(34, 35). Further indirect evidence that these interac-
tions occur in vivo is provided by the observations that
anticholinergics and H2-receptor antagonists block the
actions of secretagogues other than only acetylcholine
and histamine respectively, as was discussed earlier.

If one assumes that the differences between the in
vitro and in vivo responses to inhibitors are attributable
to the absence of endogenous secretagogues in the in
vitro condition, one can construct a model (Fig. 6) that
accounts for several of the in vivo observations cited
above. With the isolated parietal cell system, by adding
single agents one can demonstrate the direct and
specific actions of secretagogues (dashed lines, Fig. 6),
or by adding combinations of agents one can demon-
strate the interactions between secretagogues (solid
lines, Fig. 6). In this isolated cell system, anticholiner-
gics and H2-antagonists are specific in their inhibition of
both the direct actions and of the interactions involving
cholinergic agents and histamine, respectively. How-
ever, it is just these specific effects which may account
for the apparent lack of specificity of anticholinergics
and H2-antagonists in vivo. For example, when gastrin

A WORKINGHYPOTHESIS

HISTAMINE

FIGURE6 A working model for the actions and interactions of
secretagogues on the isolated parietal cell. The dashed lines
represent independent actions of secretagogues, and the solid
lines represent interactions. Sites at which atropine (A) and
metiamide (Mt) are respectively inhibitory (--) and at which
these agents are not inhibitory (- ) are indicated.
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stimulation ofgthe isolated parietal cell is enhanced by a
threshold effect of histamine, then metiamide causes a
dramatic apparent inhibition of this gastrin stimulation,
an effect in the isolated cell system clearly due to
inhibition of the histamine enhancement of gastrin
action on the parietal cell.

The apparently conflicting in vivo observations can
then be reconciled with the in vitro findings if one
assumes the parietal cell in vivo is exposed to tonic and
possibly phasic stimulation from locally secreted
histamine and acetylcholine and from circulating
gastrin. In light of this hypothesis, the in vivo action of
any single exogenous stimulant of acid secretion would
then in fact represent an interaction with the effects of
these endogenous secretagogues on the parietal cell.
Therefore, in vivo, in the absence of a means for
eliminating endogenous secretagogues, one is limited
to observing the interactions that occur between
secretagogues (solid lines, Fig. 6). Consequently, the
apparent lack of in vivo specificity of anticholinergic
agents and H2-antagonists may result from their
specifically inhibiting the respective endogenous
cholinergic and histaminic enhancement of the action
of other gastric stimulants rather than from interfering
with the sequential mediation by acetylcholine or
histamine of other secretagogtue action or from directly
interfering with the receptor binding of structurally
unrelated secretagogues.

The interactions that occur between the three major
stimulants of acid secretion are central to an under-
standing of the efficacy of several of the medical and
surgical interventions used to treat peptic ulcer disease.
The effectiveness of vagotomy and of antrectomy in
duiodenal ulcer disease results not only from the
decrease in the direct stimulation of acid by vagal
pathways and by gastrin, respectively, but also proba-
bly results from the respective removal of the choliner-
gic and gastrin components from the interactions that
occur between secretagogues. H2-receptor antagonists
have been remarkably effective agents in decreasing
acid secretion in duodenal ulcer patients (36, 37) and in
patients with the Zollinger-Ellison syndrome (38). This
effectiveness of H2-blockers has been taken as evidence
that other secretagogues may act by, releasing his-
tamine; the present data are not compatible with such a
model as the only mechanism for secretagogue interac-
tion. These results are compatible with a model in
which histamine is spontaneously released in vivo and
markedly augments the action of other secretagogues;
H2-receptor antagonists block these interactions.
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