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Interaction of Histamine with Gastric Mucosal Cells

Effect of Histamine Agonists on Binding and Biological Response
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SUMMARY

In dispersed cells from guinea pig fundic mucosa, histamine and each of eight chemically

related analogues inhibited binding of [3H]histamine and caused a 2- to 18-fold increase
in cellular cyclic AMP. The rank order of potencies of these agonists on both processes
were as follows: impromidine > dimaprit > histamine > 4-methylhistarnine > 2-methyl-

histamine > 2-thiazolylethylamine > 2-pyridylethylamine > telemethylhistamine. The
relative efficacy (i.e., maximal response) on cyclic AMP generation were histamine =

dimaprit > 4-methylhistamine > 2-methythistamine > 2-thiazolylethylamine > 2-pyri-
dylethylamine > impromidine > nordimaprit > telemethyihistamine. Although the po-
tency of some agonists for cyclic AMP generation did not agree with that for inhibition
of [‘Hjhistamine binding, at sufficiently high concentrations all agonists abolished binding
of[3Hjhistamine. These results confirmed earlier reports that the actions of these agonists
reflect their interaction with histamine H2 receptors to activate a common catalytic
moiety of adenylate cyclase located on the parietal cells. Impromidine, a specific and
highly selective H2 agonist, was a partial agonist and its potency as an agonist was equal

to its potency as an inhibitor of the action of histamine on cyclic AMP, suggesting that
impromidine and histamine interact with the same class of receptors. We compared the

ability of the agonists to inhibit [‘H]histamine binding and to increase cyclic AMP. We
found that with histamine, 4-methyihistamine, 2-methylhistamine, 2-thiazolylethylamine,
and 2-pyridylethylamine there was a linear relationship between their ability to inhibit
[3H]histamine binding and their ability to stimulate cyclic AMP synthesis, and the slope
ofthe line describing this relationship was approximately 1. In contrast, with impromidine,
dimaprit, and nordimaprit the line describing this relationship was nonlinear. Higher
concentrations of impromidine or dimaprit were required for half-maximal inhibition of
binding than for half-maximal stimulation of cyclic AMP, whereas the inverse was the
case with nordimaprit. Performing a direct comparison by plotting the log (potency) for
inhibition of [‘H]histamine binding against the log (potency) for cyclic AMP stimulation
resulted in two significantly different regression lines. We concluded that these two lines
reflect the presence of two distinct classes of binding sites for [3H]histamine that may
have different affinities for the various agonists. Occupation of one site (i.e., the H2
receptor) is sufficient to stimulate the generation of cyclic AMP.

INTRODUCTION

Histamine and chemically related analogues have been
shown to stimulate acid formation and synthesis of cyclic
AMP in gastric mucosal preparations of several species
(1-5) and to increase cyclic AMP and [‘4C]aminopyrine

uptake in isolated gastric cells (6-13). These agonists
interact with specific receptors to produce their biological
effects. Detailed investigations of the structural require-
ments of gastric receptors have been performed on a
variety of biological preparations ranging from intact

animals to isolated cells (1, 3-6, 14-16).
We have previously reported that [‘Hjhistamine binds

specifically to H2 receptors on guinea pig gastric cells and
that its binding correlated with the increase in cellular
cyclic AMP and [‘4Cjaminopyrine uptake (7, 17). We
found neither evidence for more than one class of recep-
tors nor the existence of cooperative interaction between
histamine and the receptors. However, a single straight

line in a Scatchard plot (bound/free versus bound) (18)
could be obtained in a system where more than one class

of receptors coexist (19). Furthermore, the biological
response as represented by measurement of cyclic AMP
or acid formation may not necessarily reflect the events
on the membrane receptors. Therefore, the use of hor-
mone-responsive cell preparations offers the advantage
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of allowing measurements of biological response under

conditions wherein direct binding to the receptors could
be determined.

In the present studies we characterized the histamine
receptors on mucosal cells isolated from guinea pig stom-

ach by measuring the effects of several histamine recep-
tor agonists on binding of [‘H]histaimne and on stimu-

lation of cellular cyclic AMP. Our results are compatible
with the presence of two distinct binding sites for hista-
mine on guinea pig gastric cells.

EXPERIMENTAL PROCEDURES

Materials

Male Hartley albino guinea pigs (200-250 g) were
obtained from Camm Research Center (Wayne, N. J.).
[:IHlHistamine (7.5-10 Ci/mmole), ‘25I-labeled succinyl
cyclic AMP tyrosine methyl ester (150 Ci/mmole), cyclic
AMP antiserum (prepared with a second antibody), Tn-

ton X- 100, and liquid scintillation fluid (Aquasol) were
obtained from New England Nuclear Corporation (Bos-
ton, Mass.); histamine and theophylline were obtained

from Sigma Chemical Company (St. Louis, Mo.); cimet-
idine, IMP,’ 4-MH, 2-MH, PEA, TEA, TMH, DPT, and
NDPT were gifts from Dr. C. R. Ganellin, Smith Kline
& French Laboratories (Weiwyn Garden City, Herts.,
England). Hanks’ buffer was obtained from GIBCO
(Grand Island Biological Company, Grand Island, N. Y.)

on was prepared in our laboratory. The standard solution
was a modification of Hanks’ buffer and contained 137
mM NaC1, 5.37 mM KC1, 1.26 nmi CaCl2, 0.47 m�i MgC12,
0.41 m�i MgSO4, 0.34 mM Na2HPO4, 0.44 m�i KH2PO4,
5.5 mrvi glucose, 2.0 mM glutamine, 0.001% (w/v) phenol

red, BME vitamin solution (GIBCO), 15 mist NaHCO3,
and 15 mM 4-(2-hydroxyethyl)-1-piperazineethanesul-
fonic acid (pH 7.4).

Methods

Dispersed gastric cells from guinea pig stomach were
prepared as described previously (20). Unless otherwise
indicated, the dispersed cells were collected by centrifu-
gation, washed twice, and resuspended in standard solu-
tion. The biochemical and morphological characteristics
of the cells were as previously described (7).

Binding of [3H]histamine. Binding of [3H]histamine
to gastric cells was determined by our centnifugation
technique as previously described (8, 17). In short, gastric
cells (2-4 x 10� cells) were incubated in 0.5 ml of standard
solution containing 0.1-0.25 .tCi of [3H]histamine for 40
mm at 37#{176}.The cells were washed twice by resuspension
in 5 ml of iced standard solution followed by centrifuga-
tion (250 x g for 1 mm) and resuspension. The washed

cells were suspended in 1 ml of 1% (v/v) Triton X-100
and then dispersed in Aquasol. To determine specific
binding of [3H]histamine, 1 m�i histamine was added to

parallel incubations, and cell-associated radioactivity in
these incubations was subtracted from the total observed

binding to obtain specific binding. Typically, cells would
be suspended in 20-40 ml of standard solution. Incuba-

‘ The abbreviations used are: IMP, impromidine; 4-MH, 4-methyl-

histamine; 2-MH, 2-methylhistamine; PEA, 2-pyridylethylamine; TEA,

2-thiazolylethylamine; TMH, telemethylhistamine; DPT, dimaprit;

NDPT, nordimaprit.

tion of 0.5 ml of cell suspension with about 100,000 cpm
of [‘H]histamine alone would result in cell-associated

radioactivity of 1.3-3.8% of the total counts depending on
the cell concentration. Excess of unlabeled histamine
would reduce the cell-associated radioactivity by 80-85%

(i.e., 250-650 cpm). In each experiment, incubations were
carried out in triplicate, and the variation among these
replicates was 10% or less. The variations between expen-
iments could be as much as 50% in terms of absolute
counts, but since we did not count the cells in each
experiment, these variations reflect mostly the variations
in cell number. These variations were reduced to 20% or
less when corrected for cell number. Results are ex-
pressed as percentage of the saturable portion of [‘3H]
histamine at the beginning of the incubation.

Cellular cyclic AMP. Cyclic AMP was determined by
radioimmunoassay as previously described (21). Cells

were suspended in standard solution containing 5 mM
theophylline, which did not alter the potency with which
histamine or its analogues increase cyclic AMP (7). Since
cyclic AMP became constant after a 15- to 20-mm incu-

bation, all incubation media contained 0.5 ml of cell
suspension plus the indicated agents; incubation were
carried out for 30 mm at 37#{176}.

Mathematical analysis of results. Results on cyclic
AMP obtained with each agonist tested were compatible
with agonist interaction with a single class of receptors.
The values of S0.5-the concentration of agonist required
to produce a half-maximal response-and the values of

Rmaxthe increase in cyclic AMP caused by the maxi-
mally effective concentration of agonist-were computed

as described in detail previously (7). Although with a
given agonist the values for Rmax differed significantly
from one experiment to another, the values for S0.5 and
the pattern of response with respect to other agonists did
not. The values of Kd-the concentration of agonist
required to produce a half-maximal inhibition of tracer
binding-were calculated from experimentally deter-
mined values, using various transformations of the equa-
tion F = H/(H + A + Kd), where H is the concentration
of the tracer, A is the concentration of agonist, and F is
the observed inhibition of tracer binding expressed as the

fraction of the specific tracer binding obtained without

the agonist (22).

RESULTS

Effect of histamine-receptor agonists on cyclic AMP.
The chemical structure of the agonists we used and their
relationship to histamine are illustrated in Fig. 1. In
dispersed mucosal cells from guinea pig stomach, each of
these agonists could cause up to a 20-fold increase in
cellular cyclic AMP (Fig. 2). The most potent agonist
was the guanidine derivative, IMP, which caused a de-

tectable increase in cellular cyclic AMP at 0.02 �tM. The
least potent was TMH, which at 5 nmi did not cause any

significant increase in cellular cyclic AMP. If the potency2

of histamine is assigned the value of 100, the relative

� “Potency” is measured in terms of the concentration of agonist

required to produce a half-maximal response: the lower this concentra-

tion the higher the potency. So.5 and K� are the potencies of an agonist

on stimulating cyclic AMP generation and inhibiting tracer binding,

respectively.
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FIG. 2. Effect of histamine-receptor agonists on cyclic AMP in

dispersed mucosal cells from guinea pig stomach

Cells were suspended in standard solution containing 5 mM theo-

phylline and incubated with the indicated agents. Each point represents

the mean of triplicate determinations; this experiment is representative

of three others.
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FIG. 1 . Chemical structures of histamine-receptor agonists

potencies of the agonists were as follows: IMP, 1570;
DPT, 400; 4-MH, 60; 2-MH, 5; TEA, 4; PEA, 3; NDPT,
1; and TMH, <1. At maximally effective concentrations,
histamine, 4-MH, and DPT each caused a 10- to 20-fold

increase in cellular cyclic AMP. If the increase in cyclic
AMP caused by the maximally effective concentration of
histamine is assigned the value of 100, the maximal

increases that could be obtained by the various agonists
were as follows: DPT, 100; 4-MH, 100; 2-MH, 80; TEA,
70; PEA, 50; IMP, 40; and NDPT, 5 (Fig. 2; Table 1). To
examine the response of two agonists in combination, we
measured cyclic AMP in cells incubated with maximally
effective concentrations of histamine alone and in com-
bination with other agonists. We found that the increase
in cyclic AMP caused by histamine plus any other agonist
was equal to the increase caused by histamine alone.

IMP had about one-half the efficacy3 of histamine in
stimulating cyclic AMP generation (Fig. 2). If IMP is a
partial agonist and interacts with the same receptors as
histamine, it should behave as a competitive antagonist

of the action of histamine on cyclic AMP. When these

two agonists were tested in combination, IMP inhibited

.1 “Efficacy” is measured in terms of the increase in cellular cyclic

AMP caused by the maximally effective concentration of agonist and

is defined as the sum of the intrinsic activities of all effector units when

all binding sites are occupied (see ref. 23).
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the action of histamine (Fig. 3). In the absence of IMP,
an increase in cellular cyclic AMP could be detected with
2 jiM histamine and was half-maximal at 15 �LM histamine
(Figs. 2 and 3A). In the presence of 1 �i IMP (which
caused a 7-fold increase in cyclic AMP), 50 �LM histamine
was required to produce a detectable effect and 90 �LM

histamine was required to produce a half-maximal effect

(Fig. 3). The value of So.5 for IMP, calculated from results
obtained with IMP alone (Table 1; Fig. 2), was 0.14 ±
0.03 �tM (mean ± standard deviation from three experi-
ments). This value was not significantly different from

TABLE 1

Comparison ofS.5 and Rm,x obtained by cyclic AMP analysis u’ith

K1 obtained by binding analysis

Values for cellular cyclic AMP were taken from Fig. 1 and ref. 6. All

values are means ± standard deviation of number of experiments given

in parentheses.

Agonist
Cellu lar Cyclic AMP

Binding,

M

K,
R��I�” S,.�

M

Histamine 100 2.2 ± 0.9 x 10 � (10) 1.2 ± 0.7 X 10 (10)

4-MH 95 ± 9 (9) 6.0 ± 1.5 x 10� (9) 39 ± 2.0 X 10 r

2-MH 77 ± 6 (6) 5.0 ± 1.5 x 10 � (6) 4.0 ± 1.8 X 10 � (3)

TMH 5 ± 5 (3) >1.0 x 10�’ (3) >2.0 x 10 (3)

PEA 50 ± 8 (9) 9.0 ± 3.0 x 10 � (6) 6.8 ± 2.2 x 10 � (3)

TEA 73 ± 8 (4) 7.0 ± 2.0 x l0� (4) 7.1 ± 2.0 x 10 � (3)

DPT 94 ± 6 (3) 5.0 ± 1.0 x 10 “ (3) 1.8 ± 0.3 x 10 � (4)

NDPT 9 ± 4 (4) 1.3 ± 0.6 x 10 (4) 2.7 ± 0.8 x 10 ‘ (4)

IMP 42 ± 8 (3) 1.4 ± 0.3 x 10� (3) 4.7 ± 2.1 x 10 ‘ (3)

‘, The increase in cellular cyclic AMP caused by the maximally

effective concentration of agonist, expressed as a percentage of the

value for histamine.

h The concentration of agonist required to cause a half-maximal

increase in cellular cyclic AMP.

(� The concentration of agonist required to cause half-maximal inhi-

bition of [‘H]histamine binding.

 at U
niversidade do E

stado do R
io de Janeiro on D

ecem
ber 6, 2012

m
olpharm

.aspetjournals.org
D

ow
nloaded from

 

http://molpharm.aspetjournals.org/


HISTAMINE (log M)

CONCENTRATION(Iog M)

36 BATZRI ET AL.

a.

00
>-(D

00

�
<0
-�E

-J
w
0

FIG. 3. Effect of histamine and IMP on cellular cyclic AMP in dispersed mucosal cells from guinea pig stomach

A, Cells were incubated with or without 1 �zM IMP plus the indicated concentration of histamine; B, cellular cyclic AMP is expressed as

percentage of the maximal increase caused by histamine. Each point represents the mean of triplicate determinations; this experiment is

representative of three others.

the value of K, for IMP calculated from results obtained
when IMP acted as a competitive antagonist of the action

of histamine (i.e., 0.21 ± 0.6 �tM) (Fig. 3). Similar results
were obtained when DPT was used instead of histamine.
IMP acted as a competitive antagonist to the action of
DPT on cyclic AMP (results not shown).

Effect of agonists on [3H]histamine binding. To ex-
plore the interaction between these agonists and the

receptors mediating the increase in cyclic AMP, we ex-
amined their ability to inhibit binding of [3H]histamine
to dispersed mucosal cells. Each of the agonists inhibited

binding of [3H]histamine, and their rank order of potency
(except for NDPT) was similar to the rank order of
potency with which they increased cyclic AMP (Fig. 4).
For example, in inhibiting [3H]histamine binding, IMP
(Kd 4.7 �M) was more potent than histamine (Kd 12 �LM),

which was more potent than 4-MH (Kd 39 �tM). At suffi-
ciently high concentrations, each agonist (except TMH)
abolished binding of [3H]histamine.

Although the rank orders of potencies of these agonists
were similar for both processes, their absolute potency
values were not. The potencies of IMP, DPT, and NDPT
for stimulating cyclic AMP generation (S0.5) were sigmfi-
cantly different from their potencies for inhibiting [3H]
histamine binding (Kd). These differences were most
notable with NDPT, a chemical analogue of the H2
agonist DPT (Fig. 1) (14, 15). We found that NDPT was
approximately 50- to 60-fold more potent in inhibiting
binding of [:IH]histamine (Kd 27 �LM) than in stimulating
cyclic AMP generation (S0.5 1.3 mM) (Fig. 5); that is,

NDPT inhibited [3H]histamine binding at concentrations
(<0.2 mM) that caused only a small increase in cellular
cyclic AMP. To explore further any potential relationship
between binding and cyclic AMP, we examined the effect

of NDPT on the stimulation of cyclic AMP generation
caused by various agonists. We found that NDPT (0.2
mM) (which caused 80%-90% inhibition of [3H]histamine
binding) did not alter the response of gastric cells to IMP

(Fig. 6A), DPT (Fig. 6B), histamine (Fig. 6C), and 4-MH
(Fig, 6D), implying that most of the binding of [3H]
histamine occurs to those sites not mediating cyclic AMP

generation.
We also examined the effects of two agonists on [3H]

histamine binding. IMP was approximately 30-fold more

potent in stimulating cyclic AMP generation (S0.5 0.14
/.LM) than in inhibiting [3H]histamine binding (Kd 4.7 ,iM)

(Figs. 2 and 4). IMP increased cyclic AMP at concentra-
tions that did not inhibit [3H]histamine binding, suggest-
ing that [3H]histamine binds primarily to binding sites

that are not linked to adenylate cyclase. Thus, we ex-

amined the ability of IMP (1 �tM) (which by itself caused

C,
z
0

I
C.)

FIG. 4. Inhibition of[’H]histamine binding by histamine-receptor

agonists in dispersed mucosal cells from guinea pig stomach

Cells were suspended in standard solution containing [‘H]histamine

(25 nM) and incubated with the indicated agents (HIS, histamine).

Results are expressed as percentage of the specific binding obtained

with the tracer alone (0.10 ± 0.01 pmole/106 cells). Each point repre-

sents the mean of triplicate determinations; this experiment is repre-

sentative of four others.
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FIG. 6. Effect of NDPT and various histamine receptor agonists

on cellular cyclic AMP in dispersed mucosal cells from guinea pig
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FIG. 5. Effect of NDPT on cyclic AMP and binding of [‘H]hista-

mine in dispersed mucosal cells from guinea pig stomach

Cellular cyclic AMP and binding were determined as described in

legends to Fig. 2 and Fig. 4, respectively. Results for binding are

expressed as percentage inhibition of the saturable binding; for cyclic

AMP, as the increase above basal (i.e., 0.9 ± 0.15 pmole/million cells).

Each point represents the mean of triplicate determinations; this ex-

periment is representative of four others.

a large increase in cyclic AMP) to alter the inhibition of

[3H]histamine binding by other agonists. We found that
IMP altered neither the affinity for histamine nor the
maximal inhibition of [3H]histamine binding that could
be obtained by histamine (Fig. 7A); that is, a concentra-
tion of IMP sufficiently high to occupy most of the sites

linked to adenylate cyclase did not significantly alter the
characteristic of [3Hjhistamine binding. However, since
high concentrations of histamine could effectively com-

pete with IMP on receptor occupation (Fig. 3) and may
obscure its potential effect on [3H]histamine binding, we
repeated the experiment depicted in Fig. 7A using NDPT

)&/�! �j

stomach

Cells were incubated with (closed symbols) or without (open sym-

bols) 0.2 mM NDPT plus the indicated concentrations of IMP (A),

DPT (B), histamine (C) or 4-MH (D). Each point represents the mean

of triplicate determinations.

-6 -5 -4 -3 0-6 -5 -4 -3

HISTAMINE (log M) NORDIMAPRIT (log M)

FIG. 7. Effect of IMP and histamine or NDPT on [‘H/histamine

binding to dispersed mucosal cells from guinea pig stomach

Cells were suspended in standard solution containing [‘H]histamine

(20 nM) with (closed symbols) or without (open symbols) 1 �M IMP

and incubated with the indicated concentrations of histamine (A) or

NDPT (B). Results are expressed as percentage of the specific binding

obtained with the tracer alone. Each point represents the mean of

triplicate determinations; this experiment is representative of two oth-

era.

instead of histamine. NDPT inhibited binding of [3H]
histamine at much lower concentrations (Kd 27 �tM) than
that at which it stimulated cyclic AMP generation (S0.5
1.3 mM) (Fig. 5), and it would be less likely to interfere
with IMP in occupation of those sites that are linked to
adenylate cyclase. Again, IMP did not alter the affinity
for NDPT, and with or without IMP a half-maximal
inhibition of tracer binding occurred with 25-30 jzM

NDPT (Fig. 7B).
Relationship between inhibition of binding and cel-

lular cyclic AMP. Our results with NDPT and IMP
suggest that histamine agonists interact with more than

one class of binding sites on gastric cells. To examine this
possibility we compared the ability of the agonists to
inhibit [3H]histamine binding with their ability to in-
crease cyclic AMP. We plotted the percentage of maximal
increase in cyclic AMP (Y axis) as a function of the
percentage inhibition of tracer binding (X axis) (Fig. 8).

We found that with histamine, 4-MH, 2-MH, PEA, and

TEA there was a linear relationship between inhibition
of tracer binding and cyclic AMP synthesis. HaJf-maxi-
mal stimulation of cyclic AMP synthesis corresponded
with 50% inhibition of tracer binding (Fig. 8). In contrast,
with IMP, DPT, and NDPT we found this relationship
to be nonlinear. The percentage stimulation of cyclic

AMP production was best fitted as a hyperbolic function
of the percentage inhibition of binding. The calculated
parameters indicated that half-maximal stimulation of

cyclic AMP synthesis occurred with IMP inhibiting 3.3%
and DPT inhibiting 28% of [3Hjhistamine binding (Fig.

8). With NDPT much greater inhibition of binding was

required (90%) before any increase in cyclic AMP could
be detected (Fig. 8). Therefore, these results do not
support a simple model for the relationship between
binding and response.

To analyze these findings further, we compared the
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potencies of the agonists by plotting the calculated pa-
rameters obtained from cyclic AMP measurements (50.5)

as a function of those obtained from the binding studies
(K(I) (Table 1). A linear relationship between the two sets
of values with a regression line approximating unity
would suggest that both binding and stimulation of cyclic
AMP synthesis are mediated by a common class of sites

and that these sites have equal sensitivity for both proc-
esses. However, we found that the relationship between
these two sets of values was best fitted by two signifi-
cantly different regression lines (Fig. 9). The slope of one
regression line connecting the values for histamine, 4-
MH, 2-MH, PEA, and TEA was 1.04 ± 0.05 (mean ±
standard deviation), whereas the second regression line
connecting the values for IMP, DPT, histamine, and
NDPT was 0.18 ± 0.05. Both lines were significantly
different from zero (r = 0.91, p < 0.01), and the value for
histamine was at the intersection between the two regres-
sion lines.

DISCUSSION

The present studies showed that the rank � order of
potencies of the agonists on binding of both [3H]hista-

FIG. 8. Comparison ofthe ability ofhistamine-receptor agonists to

stimulate increases in cellular cyclic AMP and to inhibit binding of

[‘H/histamine in dispersed gastric mucosal cells
Cyclic AMP and binding were determined at the steady state for

each process. Values for the increase in cyclic AMP were taken from

Fig. 2; those for inhibition of [‘Hlhistamine binding from Fig. 4. The

regression line describing histamine (HIS). 4-MH, 2-MH, PEA, and

TEA was y = 1.7 (± 6.5) + 1.04 (± 0.05)x [correlation coefficient (r) =

0.971; the intercept was not significantly different from zero ( p >

0.01), and the slope was not significantly different from unity (p >

0.01). The lines describing IMP and DPT were best fitted with the

percentage stimulation being a hyperbolic function of the percentage

inhibition of ‘H-histamine binding. The computer equations were Y =

103 (± 2.3)/I + 3.2 (± 0.3)/X for IMP and Y = 120 (± 1.5)/i + 28.2

(± 0.6)/X for DPT, where Y is percentage stimulation of cyclic AMP

synthesis and X is percentage inhibition of tracer binding. The line

describing N1)PT was best fitted with the increase percentage inhibi-

tion of binding ( Y1) being a hyperbolic function of the percentage

stimulation of cyclic AMP synthesis (Xi). The computer equation was

Yi = 103 (± 2.1)/i + 2.8 (± 0.2)/X; that is, when inhibition of tracer

binding was inhibited by 50�, the stimulation of cyclic AMP synthesis

was 2W. of maximum. Similar results were obtained from analysis of

three other experiments in which cyclic AMP and [‘H]histamine bind-

ing was measured.

-7 -6 -5 -4 -3 -2

CELLULAR CYCLIC AMP (log S05)

FIG. 9. Comparison of the parameters that characterize effects of

histamine receptor agonists on cellular cyclic AMP and [‘H/hista-

mine binding

Values for the concentrations of agonist required to cause a half-

maximal increase in cellular cyclic AMP (S,�) and those required to

cause half-maximal inhibition of[’H]histamine binding (Kd) were taken

from Table 1. The slope of the regression lines describing histamine

(HIS), 4-MH, 2-MH, PEA, and TEA was i.04 ± 0.05 (r = 0.99) whereas

for IMP, DPT, NDPT, and histamine it was 0.18 ± 0.05 (r = 0.91).

Both slopes were significantly different from zero (p < 0.05).

mine and cellular cyclic AMP were as follows: IMP >

DPT > histamine > 4-MH > 2-MH > TEA > PEA. The
relative potencies with which these agonists increased

cyclic AMP in gastric cells were similar to their relative
potencies on functions which are considered to be me-

diated by H2 receptors (e.g., gastric acid secretion, con-
traction of atnial or uterine smooth muscle, and oxygen
or [‘4C]aminopyrine uptake by panietal cells in vitro)
(3-6, 1 1, 24). We concluded, therefore, that the actions of
these agonists in our system reflect their interaction with
H2 receptors on parietal cells to activate adenylate cy-
clase and to increase both cyclic AMP and acid formation

as reflected by the accumulation of [‘4C]aminopynine.
We previously found, based on equilibrium (Scatchard)
and kinetic studies of [3H]histamine binding, that guinea
pig gastric cells possess one class of receptors with no
evidence for cooperative interaction between the recep-
tors. Since the increase in cyclic AMP obtained with
maximally effective concentrations of histamine plus an-
other agonist was equal to the increase caused by hista-
mine alone, we suggested that these agonists activate a
common catalytic moiety of adenylate cyclase (7) by

interacting with a single homogeneous class of H2 recep-
tons (17). However, a single straight line in a Scatchard
plot (18) (bound/free versus bound) could be obtained in

a system where more than one class of receptors coexist
(19).

The present findings do not support our previous in-

terpretation and suggest that guinea pig gastric cells
possess more than one class of binding site for the various
agonists. Analysis of the relationship between inhibition
of tracer binding and increased cellular cyclic AMP re-
vealed the presence of two subgroups of agonists. In one
(i.e., histamine, 4-MH, 2-MH, PEA, and TEA) there was
a linear relationship between the ability to inhibit tracer
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binding and to increase cyclic AMP, whereas in the other
(i.e., IMP, DPT, NDPT) there was a nonlinear relation-
ship between the two processes. The comparison between

the Kd values and the So.5 values could also test whether
both processes are functionally related to a common

binding site. A single regression line between the two sets
of values would support the existence of a single class of

binding sites mediating both processes. However, our
results revealed the presence of two regression lines with
significantly different slopes (Fig. 9), suggesting that both
processes, i.e., binding and cyclic AMP stimulation, are
not mediated by a common binding site.

Guinea pig gastric cells appear to possess two distinct
binding sites (site A and site B) which are either both

parts of the H2 receptor or only one is the H2 receptor.
Each agonist tested binds to both sites, but only one site

(e.g., site A) mediates cyclic AMP generation. The ago-
nists which displayed a linear relationship between their
ability to inhibit binding and to increase cyclic AMP
bound to both sites with similar potencies. Consequently,
the affinity of these sites for the individual agonist was
the same whether it was calculated from results on
binding or from results on cyclic AMP (Table 1). In
contrast, the agonists which displayed a nonlinear rela-
tionship with respect to binding and cyclic AMP (i.e.,
IMP, DPT, and NDPT) also bound to both sites but the

affinity of each binding site for the individual agonist was
different. Thus, the apparent affinity depended on
whether it was calculated from results on binding or from
results on cyclic AMP. For instance, the calculated affin-

ity for IMP when measuring cyclic AMP reflected the
high affinity between one binding site (e.g., site A) and
IMP, because only binding to this site mediates cyclic
AMP generation. The calculated affinity when measuring
inhibition of binding was determined by the concentra-
tions ofagonist required to inhibit [3HJhistamine binding.
The higher this concentration, the lower the affinity of
the binding sites for the agonist. Since with IMP or DPT
higher concentrations were required for inhibiting bind-
ing than for increasing cyclic AMP, the calculated affinity

from binding reflected the low affinity between a second

binding sites and these agonists. Therefore, these low-
affinity binding sites (e.g., site B) are distinct from the
ones mediating cyclic AMP generation, suggesting that
gastric cells possess high- and low-affinity binding sites

for IMP or DPT and that the high-affinity sites mediate
cyclic AMP generation. The two binding sites, however,
showed a different pattern of interaction with respect to
NDPT. The potency of NDPT for inhibiting [3H]hista-

mine binding was approximately 50-fold higher than for
increasing cyclic AMP (Fig. 5). Thus, for NDPT, the
high-affinity sites represent those which do not mediate

cyclic AMP generation (i.e., site B) whereas the low-
affinity sites mediate the biological response. The possi-
bility of gastric cells possessing more than two classes of
binding sites (e.g., a high-affinity site plus two classes of

low-affinity sites-one for IMP and one for DPT) is
unlikely because at sufficiently high concentrations of
any agonist binding of [3H]histamine was abolished.

We considered the possibility that the two binding
sites are integral parts of the H2 receptor. However, the
observation that the curve describing the effect of IMP

on [3H]histamine binding has a single component ex-

cludes this possibility and suggests that the high-affinity

binding sites constitute only a small fraction of the total

binding sites. We also found no evidence for geographical

proximity between the binding sites, because occupation
of the high-affinity binding site by 1 �iM IMP did not
affect the affinity of the other site (i.e., site B) for
histamine or NDPT (Fig. 7). Furthermore, 0.2 mi�i NDPT
occupied the site not linked to adenylate cyclase (site B),
but NDPT did not influence the interaction of IMP,
histamine, 4-MH, or DPT with binding site A (Fig. 6).
Therefore, these results do not support the hypothesis

that one molecule of [3H]histamine binds to both binding
sites but suggest that guinea pig gastric cells possess two
classes of binding sites for the various histamine agonists.
One class constitutes the majority of the binding sites for
[3H]histamine and is not linked to adenylate cyclase,
whereas the other class mediates the biological response.

The later sites probably reflect the H2 receptors on
parietal cells. It should be noted, however, that both

classes of binding sites have equal affinity for histamine
and therefore are indistinguishable when measuring

binding of [3H]histamine with unlabeled histamine. This
interpretation might also explain our earlier observations
regarding the high binding capacity of gastric cells for
histamine (62 pmoles/106 cells) (17). It appears from the
present data that the majority of this binding is not to

the H2 receptors. This conclusion is also supported by
our studies with seven structurally related histamine H2

antagonists (25). We found that the action of these an-

tagonists on [3Hjhistamine binding was different from
their action on the biological response and was compat-
ible with gastric cells possessing two classes of binding

sites for [3H]histamine
Our present findings agree with previous studies in

other preparations in that histamine, 4-MH, and DPT
had equal efficacy in stimulating gastric acid secretion
(3, 4, 14, 15). However, different species may respond

differently and unpredictably to histamine and its ana-
logues. The H1 agonist PEA (5) was shown to increase
[‘4C]aminopyrine uptake and cyclic AMP in guinea pig

gastric cells (7) but failed to do so in a similar preparation
from rabbits. Furthermore, DPT, a specific and selective

H2 agonist, stimulated acid secretion in rats (1 1, 14) but
not acid secretion or respiration in isolated frog gastric
mucosa (11).

Our results also agree with the rank order of potency
of DPT and NDPT for acid secretion in vivo. We found
that NDPT was 200- to 300-fold less potent than DPT
on cellular cyclic AMP whereas in vivo NDPT was
reported to have 0.001 the activity of dimapnit (14, 15).
Our results with IMP contradict studies in vivo in which
IMP caused an increase in acid secretion comparable in
magnitude to that seen with histamine (16). Finally,

Lewin et al. (26) reported that the dose-response curve
for IMP-inhibited [14C]histamine binding to guinea pig
gastric cells was to the left of the corresponding curve for

activation of adenylate cyclase in sonicated cells. We
found that IMP was more potent on cyclic AMP than on
binding (Table 1). The basis for this variation is not
known, particularly since the potencies of IMP in both
preparations were similar (26).

The present studies represent novel findings in that

the histamine receptors in guinea pig may prove to be
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different from those found in rabbit gastric glands or

other mammalian systems. Further comparison between
different species could provide information on common
characteristics of the histamine receptors, identification

of molecular differences between H1 and H2 receptors,
and more insight into the agonistic and antagonistic
compounds with which the H2 receptors would interact.
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