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Further analysis ofanomalous pKB values for histamine
H2-receptor antagonists on the mouse isolated stomach
assay
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1 Agonist-antagonist interactions at histamine receptors have been re-examined using improved
techniques, on the mouse isolated, lumen-perfused, stomach gastric acid assay.

2 Using histamine as agonist, pKB values have been estimated for burimamide, metiamide,
cimetidine, ranitidine, oxmetidine and famotidine on both the gastric and guinea-pig isolated right
atrium assays. With the exception of oxmetidine on the atrial assay, these compounds behaved as

competitive antagonists on both assays.

3 Oxmetidine significantly depressed basal rate on the atrial assay and the Schild plot slope
parameter (0.81) was significantly less than one.

4 The pKB values estimated on the gastric assay were lower than those on the atrial assay. However,
the difference between the values on the gastric and atrial assays was not constant. The difference
between the two assays for famotidine was not significant.
5 We conclude that the apparent varying selectivity ofthe antagonists for gastric and atrial histamine
H2-receptors may be explained by the differential loss of antagonists into the gastric secretion from the
receptor compartment and that there is no need to postulate heterogeneity of histamine H2-receptors.

Introduction

Angus & Black (1979) and Angus et al. (1980) found
that the histamine H2-receptor antagonists,
burimamide, metiamide and cimetidine behaved as
simple competitive antagonists at histamine receptors
coupled to gastric acid secretion in the isolated, lumen-
perfused, stomach preparation of the mouse.
However, the calculated pKB values were significantly
lower than those found or reported using histamine
H2-receptor assay systems such as the guinea-pig right
atrium and rat uterus. Similar differences were found
for muscarinic receptor antagonists. Therefore, these
differences in pKB values were attributed to the
continuous loss of ligand across the oxyntic cells
leading to a steady-state concentration in the receptor
compartment which was lower than the concentration
applied to the system. This explanation seemed
preferable to the more orthodox and less conservative
possibility of heterogeneity of histamine H2-receptors.

Since then, a number ofdevelopments has indicated
the need to re-examine that hypothesis. Thus Main &

'To whom inquiries and reprint requests should be add-
ressed.

Pearce (1981) did not find a low pKB for metiamide
using the rat isolated gastric mucosa preparation for
the assay. On the other hand, Arrang et al. (1983) have
proposed that there is an H3-subclass of histamine
receptors. Therefore the questions to be answered are
'Is there a real difference in pKB values for antagonists
at oxyntic cell receptors?' and 'Is the non-equilibrium
hypothesis still tenable?'

Originally Angus & Black (1979) used a single
exposure 2 + 2 bioassay design to estimate pKB
values. Although avoiding problems of desensitiza-
tion, serial correlation and time dependence this
method did not permit characterisation of agonist
concentration-effect curves and gave values of pKB's
with 95% fiducial limits such that differences of less
than approximately 0.5 log units could not be reliably
discriminated. Our recent developments of the mouse
stomach assay now permit the full definition ofagonist
concentration-effect curves allowing tests to be made
for detecting changes in maximal asymptote and
midpoint slope parameters obtained by curve fitting of
the experimental data in the presence and absence of
antagonist (Black & Shankley, 1985). In addition pKB
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values may be determined with greater precision (95%
confidence limits approximately 0.2 log units). Thus,
the modified assay provides a more reliable instrument
for either probing the homogeneity of receptor
populations or for detecting non-equilibrium or
saturating conditions. In addition to improvements in
the precision of the analytical method, we have
included in the re-examination of the properties of
histamine receptors on oxyntic cells four new com-
pounds classified as competitive histamine H2-recep-
tor antagonists. For comparative purposes we have
also obtained pKB values for the histamine H2-
antagonists in the guinea-pig right atrium preparation.

Methods

Acid secretion

Gastric acid secretion was measured in the isolated,
lumen-perfused, stomach preparation of the mouse as
described previously (Black & Shankley, 1985). Brief-
ly, stomach preparations were established with the
pH-electrode system arranged to provide a 12 cmH2O
pressure to distend the stomach. Six preparations were
used simultaneously and after an initial 60 min
stabilization period those not producing a stable basal
acid secretion (approximately 5%) were rejected. All
drugs were added directly to the organ bath (serosal
side) and, following a further 60 min equilibration
period in the absence or presence of antagonist, a
single cumulative agonist-concentration effect curve
was obtained.

Guinea-pig right atrium preparation

Chronotropic effects were studied in isolated, spon-
taneously-beating, right atria from male guinea-pigs
(Dunkin-Hartley, 375-475 g), which were suspended
in 20ml glass organ baths in Krebs-Henseleit buffer
(composition, mM: Na' 143, K+ 5.9, Ca2+ 2.5, Mg2+
1.2, Cl- 128, H2PO4- 2.2, HCO3 24.9, S042- 1.2,
dextrose 10) at 370C (± 0.3OC) and gassed with 95%
02, 5% CO2 (for details see Angus & Black, 1980).
Isometric transducer outputs were processed by a
ratemeter (ADG Instruments) which gave a direct
readout of rate (beats min -l) continuously displayed
on a potentiometric recorder (Bryans 28000). Tissues
were subjected to 0.5 g resting tension and washed at
approximately 15 min intervals during an initial
60 min stabilization period. Krebs-Henseleit solution
was routinely prepared containing propranolol 10-7M
to inhibit the effects of histamine-stimulated cate-
cholamine release. Six preparations were used simul-
taneously and following the initial stabilization period
and a 60 min equilibration period in the absence or
presence of antagonist, a single cumulative agonist

concentration-effect curve was obtained.

Experimental design

Experimental treatments were allocated on a block
design such that, as far as possible, all organ baths
received each treatment during the course of an
experiment.

Analysis

Individual responses to drug treatments were
measured as changes from basal response levels im-
mediately prior to drug addition. Acid secretion
responses were measured as the change in pH of the
lumen perfusate (A pH) and guinea-pig right atrium
responses as changes in rate (A BPM). The concentra-
tion-effect curve data from individual preparations
were fitted to a logistic function which provided
estimates of the mid-point location parameter (log
[Am]), maximal asymptote (a) and mid-point slope
(n), as described previously (Black & Shankley, 1985).
For display purposes the individual computed
parameter estimates for each treatment group were
expressed as means and a single logistic curve gen-
erated and superimposed upon the experimental data.

Competitive antagonism

Parallelism of agonist concentration-effect curves was
tested by one-way analyses of variance, comparing
computed midpoint slope parameters and asymptote
parameters between and within treatment groups. If
no significant differences were found, antagonist
equilibrium dissociation constants (estimated as log
KBs) were calculated by fitting computed log [A50]
values obtained in the presence of (log [A50]') and
absence of antagonist (log [A50]) to the following
derivative of the Schild equation (Schild, 1957):

/1 + (Bib
log [A50]' = log [As] + log KB

where b is the order of [B] equivalent to the Schild plot
slope parameter. Thus each computed log [Am] is
treated as an item of data incorporating the location
information of each agonist concentration-effect
curve. Therefore analysis of antagonist action accord-
ing to this equation gives equal weight to each agonist
concentration-effect curve unlike conventional Schild
plot analysis which, as Stone & Angus (1978) showed,
gives undue weight to the control curve. Here the
control log [A50] is estimated in the analysis whereas in
measuring dose-ratios for the construction of Schild
plots the control curve location is assumed to be error-
free.
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Initially log [A50]s were analysed allowing b to vary.
If b was found to be not significantly different from
unity a second analysis was performed with b con-
strained to unity allowing the log KB to be estimated.
For display purposes the parameters estimated were
used to generate a Schild plot shown superimposed
upon calculated dose-ratios.

Drugs

Drugs were prepared in distilled water. Molar stock
solutions of histamine dihydrogen chloride (Sigma)
were neutralised by addition of sodium hydroxide
(Black et al., 1981). The total volume ofdrug added in
any one experiment to the 20ml (atria) and 40ml
(stomach) organ baths did not exceed 400p1l and 8001fd
distilled water, respectively. Histamine H2-receptor
antagonists and their sources are as follows:
burimamide (Smith, Kline and French (SKF)),
cimetidine (SKF), metiamide (SKF), oxmetidine
(SKF), famotidine (Merck, Sharpe and Dohme),
tiotidine (Imperial Chemical Industries) and ranitidine
(Glaxo).

Results

The effect ofhistamine H2-receptor antagonists on basal
rate in the guinea-pig right atrium and basal acid
secretion in the mouse stomach

The histamine H2-receptor antagonists, with the ex-
ception of oxmetidine on the guinea-pig right atrium,
did not significantly affect basal activity on the two
assays at the concentrations used in the analyses
(1-1000 x KB obtained on the guinea-pig right
atrium). Oxmetidine produced a significant concen-
tration-dependent decrease in basal atrial rate at
concentrations above 10-5M (Figure 1).

Estimation ofpKB values for histamine H2-receptor
antagonists

All seven antagonists produced significant concentra-
tion-dependent parallel displacement of histamine
concentration-effect curves with no significant change
in maximal asymptotes in both the stomach and
atrium assays. Analysis of the concentration-ratios
(see Methods) indicated Schild slope parameters (b)
not significantly different from unity with the excep-
tion of the analysis of the data from the histamine-
oxmetidine interaction in the guinea-pig right atrium.
The estimates of pKB are presented in Table 1.
The low value of the Schild slope parameter

obtained from the histamine-oxmetidine interaction
on the guinea-pig right atrium agrees with the results
obtained by Blakemore et al. (1980) (pA2 = 6.7, Schild
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Figure 1 The effect ofoxmetidine on basal activity in the
guinea-pig right atrium. Results show changes in basal
rate (A BPM) after 60 min incubation with oxmetidine,
presented as mean values from 5/6 observations with
vertical lines representing s.e. * Significant decrease from
preincubation basal rate (P < 0.05).

plot slope = 0.74 (0.52-0.96, 95% confidence limits))
under similar experimental conditions.

Pendleton et al. (1983) described famotidine
(MK208 or YM11170) as a 'slowly dissociable H2-
receptor antagonist with a unique binding mechan-
ism', having found the H2-receptor antagonism
produced by famotidine to be insurmountable by
increasing concentrations of dimaprit in the guinea-
pig paired atrium preparation. In this study we could
not detect significant deviation from simple com-
petitive behaviour in either assay using histamine as
agonist (Figure2). Pendleton et al. (1983) demon-
strated a 52% reduction in the maximal asymptote of
the dimaprit concentration-effect curve following a
60 min incubation with 3 x 10-7M famotidine. In this
study the histamine concentration-effect curve, with
identical famotidine treatment, achieved 86 ± 8%
(P< 0.05) of the control curve maximum. Interesting-
ly, in a more recent study Shepherd-Rose & Pendleton
(1985) demonstrated a simple competitive interaction
between histamine and famotidine in rabbit isolated
gastric glands.
The pKB values obtained on the guinea-pig right

atrium agree reasonably well with other published
estimates of affinity on this assay using histamine as
agonist (Table 1).

Comparison ofpKB values obtainedfrom atrium and
stomach

The pKB values obtained on the stomach assay were,
with the exception of the value for famotidine, sig-
nificantly lower than those obtained on the guinea-pig
right atrium (Table 1). Previously Angus et al. (1980)
and, more recently, Szelenyi & Postius (1984) con-
cluded that the pKB values estimated for burimamide,
metiamide and cimetidine, and metiamide, cimetidine
and SK and F 93,479, respectively, were approximate-
ly one log unit lower on the mouse stomach assay than
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Table 1 pKB estimates ofhistamine H2-receptor antagonists on assays of acid secretion in the mouse isolated, lumen-
perfused, stomach and rate in the guinea-pig right atrium

Guinea-pig right atrium (rate)
This study Previous

(A)
pKB (b) pKB (95% confidence

limits)

Mouse stomach
(acid secretion)

(B)
PKB (b) ApKB

Burimamide 4.92 ± 0.09
(1.00± 0.11)

Metiamide

Cimetidine

Ranitidine

Tiotidine

Famotidine

Oxmetidine

6.06±0.13
(0.95 ± 0.11)
6.08 ± 0.09
(1.03 ± 0.07)
6.75 ± 0.07
(0.96 ± 0.07)

7.57 ± 0.07
(0.96 ± 0.07)

5.11 (5.02-5.19)'

6.04 (5.93-6.13)2

6.10 (6.03-6.17)'

7.20 (7.01 -7.45)4

7.82 (7.72-7.96)5

4.51 ± 0.13*
(0.90 ± 0.13)

4.90 ± 0.09
(0.99 ± 0.09)
5.35 ± 0.09*
(0.90 ± 0.07)
6.03 ± 0.11*
(0.87 ± 0.13)

6.96 ± 0.11*
(0.98 ± 0.09)

7.74 ± 0.07 pA2 = 7.80 7.50 ± 0.11
(0.96 ± 0.07) (7.40-8.10)6 (0.98 ± 0.09)

pA2= 7.1St
(0.81 ± 0.07)

pA2 = 6.7'

+0.41 ±0.16

+ 1.16 ± 0.16

+ 0.73 ± 0.13

+ 0.72 ± 0.13

+0.61 ±0.13

+0.24 ± 0.13

6.70± 0.11.
(0.99 ± 0.09)

Data shown are means ± s.e.
* Significantly different from pKB value estimated on the guinea-pig right atrium assay (P <0.05).
tb (Schild plot slope parameter) significantly different from unity (P< 0.05).
' Black et al. (1972); 2Black & Spencer (1973); 3Brimblecombe et al. (1975); 'Daly et al. (1981); 5Yellin et al. (1979);
6Pendleton et al. (1983) (using dimaprit as agonist); 'Blakemore et al. (1980).

on the guinea-pig right atrium suggesting perhaps,
that the difference in pKB values (A pKB) was the same
for each antagonist. In the present study we found that
the A pKB varied significantly between antagonists.
The antagonists appear to possess varying selectivities
for the gastric and atrial histamine H2-receptors. For
example the difference in pKB values obtained on the
two assays was 1.16 ± 0.16 and 0.24 ±+0.13
(P< 0.001) for metiamide and famotidine, respective-
ly. These data indicate that famotidine expresses 8 fold
relative selectivity for gastric histamine H2-receptors
compared to metiamide.

Discussion

Hormone receptor classification critically depends on
the availability of specific competitive antagonists.
The original definition of histamine H2-receptors
(Black et al., 1972) was based on the use of
burimamide which was found to behave like a com-
petitive antagonist ofhistamine in assays using guinea-
pig right atrial and rat uterine muscles. The antagonist
potency of burimamide was expressed as a KB on the
assumption, inter alia, that the concentration of

burimamide in equilibrium with the receptors was
equal to the applied concentration. Similar KB values
were obtained on both assays suggesting receptor
homogeneity in the two tissues. This result has been
amply confirmed by others using different antagonists
and techniques.
The main interest in the histamine antagonist

properties of burimamide was that histamine-
stimulated gastric acid secretion was also blocked.
However, the attempt to classify the histamine recep-
tors involved was frustrated at that time because no
satisfactory in vitro bioassay for gastric acid secretion
was available. Major advantages of intact tissues in
vitro for operational pharmacological analysis are that
ligand concentration equilibration between bathing
fluid and receptor biophase is expected and that a
response to receptor activation can be measured
unconfounded by hormonal and neural regulatory
responses. Since then, a number of in vitro assays of
gastric acid secretion, suitable for pharmacological
analysis, have been developed at several organ-
isational levels between isolated, intact, stomachs and
adenylate cyclase activity in broken cell membrane
suspensions. However, Black & Shankley (1985) have
recently defined the isolated, lumen-perfused, stomach



pKB VALUES FOR HISTAMINE H2-ANTAGONISTS 585

0'F-8o-7-6

e./2

-5 -4 -3
Antagonist (log M)

Figure 3 Schild plots for histamine-famotidine (U) and
histamine-metiamide (0) assays on the guinea-pig right
atrium (closed symbols) and mouse stomach (open
symbols). Dose-ratios (r) were calculated from the mean
[Am] values estimated for the histamine concentration-
effect curves. Estimates of slope parameter (b) and pKB
were obtained by model fitting and are presented in
Table 1.
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Figure 2 Histamine concentration-effect curves in the
absence (0) and presence of famotidine (0) 3 x 10-8,
(U) 3 x 10-7, (0) 10-6 and (A) 3 x 10-6M (60 min
incubation) on assays of rate in the guinea-pig right
atrium (a) and on acid secretion in the mouse stomach (b).
Fitted logistic curves are superimposed upon mean

experimental data points (n = 5/6) expressed as percen-
tage maximum of the histamine control concentration-
effect curves. Error bars show standard errors.

preparation as the physiological unit for acid secretion
on the grounds that only at this level are all extrinsic
regulatory influences eliminated while retaining all the
cellular architecture known to be necessary for respon-
ses to the physiological agents, nerve stimulation and
gastrin. This is the reason why we have persisted with
this preparation for the bioassay of histamine H2-
receptor antagonists.

Previous results with this preparation (Angus et al.,
1980) found pKB values for burimamide, metiamide
and cimetidine approximately one log unit lower than

those found with the atrial and uterine assays. Szelenyi
& Postius (1984) confirmed these results. So far, no
other studies have been reported with this preparation.
However, the results found now, using an improved
assay with greater precision, have shown not only that
low readings occur with all seven antagonists studied
but also that the difference between the gastric and
atrial assays is not constant. Indeed, the difference
between the two assays for famotidine was not sig-
nificant.
The basic theorem in ligand classification is that

when specific assays yield different binding constants,
their conjugate systems cannot be homogeneous.
Therefore, in this case, if the atrial and gastric assays
are giving satisfactory estimates of the relevant pKB
values for the histamine antagonists, then the his-
tamine receptors in the two tissues cannot be
homogeneous. Any model of plural receptor popula-
tions must not only allow each assay system to have
different proportions of each receptor type but also
enable each antagonist to have its own unique affinity
for these receptors. Plainly, there would be no dif-
ficulty in offering a model of H2-receptor sub-types
which could systemize the present results.
Would a model ofH2-receptor subtypes be compati-

ble with the results of other assays of oxyntic cell
activity based on different systems? Bunce & Parsons
(1976) obtained a pA2 of 5.91 (4.31-7.51, 95%
confidence limits) for metiamide using the isolated,
lumen-perfused, stomach of the immature rat, a value
not significantly different from the atrial estimate.
However, the slope of the Schild regression at 0.73
(0.58-0.88) was significantly less than one. Angus et
al. (1980) calculated that the pA2 value was likely to
have been overestimated. A similar problem occurs in
the finding by Main & Pearce (1981) of a pA2 for
metiamide of 6.49 using isolated sheets of rat gastric
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mucosa for the assay. This pA2 value would not be low
compared to atrial assays but as the slope of the Schild
regression (= 0.81) was low the comparison, strictly
speaking, would not be valid. In general, if low Schild
regression slopes are obtained which are nevertheless
not significantly different from unity, then refitting the
data with the slope constrained to one leads to an
estimated pKB lower than the pA2 value obtained from
the unconstrained regression. Sjostrand et al. (1977)
also used mucosal sheets (from guinea-pig stomachs)
for the bioassay and with Schild regression slopes
apparently not different from unity, their pKB
estimates for metiamide (4.82) and cimetidine (5.81)
were both comparatively low.
On the other hand, Scholes et al. (1976) estimated a

pKB of 6.46 for cimetidine using a histamine-sensitive
adenylate cyclase preparation from dog gastric
mucosa. Since then, pA2 values of 6.22 for cimetidine
and 5.29 for burimamide were obtained by Berglindh
& Obrink (1979) using a suspension of gastric glands
obtained from rabbit mucosa: a pKB of 6.00
(0.81-1.03), with a Schild regression slope of0.92, was
measured for cimetidine by Soll (1980) using a suspen-
sion of oxyntic cells from dog mucosa: and, finally,
pA2 values of 6.33 for cimetidine and 7.65 for
famotidine were found by Harada et al. (1983) using a
histamine-sensitive adenylate cylcase from guinea-pig
mucosa. None of these estimates is low compared to
the results from atrial muscle assays. Apparently these
assays which have not used intact tissues have given
pKB or pA2 estimates indicative of H2-receptor
homogeneity.
When one set of assays indicate a single class of

receptors and another set indicates the need to multip-
ly the number of classes, then the argument using
Occam's Razor has to prefer the single class. Angus et
al. (1980) also reached that conclusion because similar
low estimates of pKB values were found for the
interaction between atropine and muscarinic receptors
on oxyntic cells. Their argument at that time was that
the lumen-perfused stomach preparation had, both
literally and figuratively, a hole in it. The oxyntic cell
basal membranes, the locus of the histamine and

acetylcholine receptors, was imagined to provide an
effective partition between the serosal bath fluid and
the fluid eventually secreted into the lumen of the
stomach and continuously removed by perfusion.
Considered pharmacokinetically, the secreted fluid
was an open compartment serving continuously to
drain the antagonist from the receptor biophase.
Therefore, the concentration of ligand in the bathing
compartment was assumed to overestimate the steady
state concentration of ligand in the receptor biophase.
This idea seemed to point to an important source of
error peculiar to secretory as distinct from non-
secretory assays.
However, the results obtained with isolated gastric

glands or oxyntic cells in suspension, giving pKB
estimates not different from those got with functional-
ly reduced systems or with non-secretory tissues, may
indicate that the source of error is not due to secretion
per se. The isolated glands, which become sealed off
into closed tubes, are imagined to secrete into the
closed lumen: the isolated oxyntic cells also seal off
into a spherical shape and secretion takes place into
the intracellular maze of canaliculi. However, unlike
the isolated stomach and mucous membrane prepara-
tions, there is no continuous bulk flow of secretion in
the other preparations. Pharmacokinetically, the
isolated glands and cells are closed systems which
might be expected to end up in ligand concentration
equilibrium.
Our conclusion, then, is that there are significant

differences in the apparent pKB values for antagonists
at oxyntic cell receptors when the assays are made on
pharmacokinetically-open secretory systems. The dif-
ferences in the pKB values would then be associated
with certain physico-chemical properties of these
ligands, such as their lipophilicity and will be con-
sidered in more detail in a future paper.

This work was supported by The Wellcome Foundation Ltd.
The authors wish to thank Mrs H.D. Williams for help in
preparing the manuscript.
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