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Pharmacological analysis of the muscarinic receptors
involved when McN-A 343 stimulates acid secretion in
the mouse isolated stomach
J.W. Black & N.P. Shankley

The Rayne Institute, King's College Hospital Medical School, Denmark Hill, London SE5 8RX

1 In view of the recent Ml and M2 subclassification of muscarinic receptors and the suggestion of
separate populations of muscarinic receptors on oxyntic and histamine cells in the gastric mucosa, we
have analysed the effects of McN-A 343, classified as an Ml -selective agonist, on gastric acid secretion
by the mouse, isolated, lumen-perfused stomach assay.

2 Acid secretion stimulated by McN-A 343 was not inhibited by tetrodotoxin pretreatment, although
it was competitively antagonized by atropine (pKB 7.90), suggesting a muscarinic site ofaction between
postganglionic neurones and the final secretory event.
3 Acid secretion stimulated by McN-A 343 was more sensitive than 5-methylfurmethide-stimulated
secretion to H2-receptor blockade: the profile of inhibition was consistent with expectations for a

model of indirect agonism, suggesting that McN-A 343 preferentially stimulated the release of
endogenous histamine from mucosal histamine cells.
4 In view of this selective action the McN-A 343-pirenzepine interaction was studied, the latter being
classified as an Ml-selective antagonist. Results were consistent with expectations for a competitive
interaction but the pKB (6.69) was not significantly different from the value obtained at the oxyntic cell,
using 5-methylfurmethide as agonist in the presence of H2-receptor blockade, in a previous study.
5 We suggest that there is no need to postulate differences in oxyntic and histamine cell muscarinic
receptors to account for the selective stimulant activity of McN-A 343 observed in this study and the
relatively selective inhibition of gastric acid secretion by pirenzepine in vivo. McN-A 343 selectivity may
be accounted for by a higher muscarinic receptor density on the histamine cell and pirenzepine
selectivity by a smaller degree of loss into the gastric secretion compared to atropine.

Introduction

Angus & Black (1982) found that acid secretion by the
isolated, lumen-perfused, stomach preparation of the
mouse could be evoked by electrical field stimulation.
This secretion appeared to be mediated by vagal nerve
endings because treatment with either tetrodotoxin or
atropine could abolish the response. Surprisingly, this
response could also be abolished by metiamide, using
concentrations at which selective histamine H2-recep-
tor blockade only was expected. Shankley (unpubli-
shed results) has recently confirmed this discovery
using tiotidine. These observations have strengthened
the idea that acetylcholine (ACh) released from vagal
nerve endings activates muscarinic receptors on his-
tamine cells: the released histamine is then imagined to
act on H2-receptors on the oxyntic cells to stimulate
acid secretion. The phenomenon has still to be confir-
med in other species. Nevertheless, the hypothesis is

essentially a restatement of the view originally
proposed by MacIntosh (1938).
What made the inhibition of field stimulation by

metiamide surprising was that metiamide had
previously been shown to be unable to inhibit the
secretory effects of bethanechol in the mouse stomach
preparation (Angus & Black, 1982). The refractoriness
to metiamide of oxyntic cell secretion evoked by
cholinoceptor (muscarinic) activation was well
known. The existence of muscarinic receptors on
oxyntic cells had been demonstrated both by func-
tional studies (Soll, 1980; Ecknauer et al., 1981) and by
[3H]-quinuclidinyl benzilate (QNB) binding
measurements (Ecknauer et al., 1980). Unlike his-
tamine receptors on oxyntic cells, which had been
shown to be coupled to adenylate cyclase (Scholes et
al., 1976), there was evidence that the muscarinic
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receptors operated a different transducer mechanism
(see Soll, 1981). Finally, the inability of H2-receptor
blockade to suppress cholinergic secretion had been
shown unequivocally in studies with dog isolated
oxyntic cells (Soll, 1980), rabbit isolated gastric glands
(Berglindh, 1977) and cat isolated gastric muscosal
sheets (Tepperman et al., 1975). On the other hand,
carbachol-stimulated acid secretion in the mouse
stomach was found to show some sensitivity to H2-
receptor blockade: metiamide achieved a dose-ratio of
nearly 1 log unit (Angus & Black, 1982). However, as
this effect of metiamide was blocked by hexamethon-
ium, it was argued that carbachol stimulated gang-
lionic nicotinic receptors as well as oxyntic cell mus-
carinic receptors: ganglionic stimulation was imagined
to release histamine in the same way as had been found
with electrical field stimulation.
The results with carbachol reinforced the problem

raised by field stimulation. Both interpretations pos-
tulated the existence of muscarinic receptors on the
histamine cells as well as on the oxyntic cells.
Therefore, how could neurally-released (endogenous)
ACh activate mainly histamine cell receptors and
exogenous bethanechol apparently activate predomin-
antly the oxyntic cell receptors? The solution proposed
by Angus & Black (1982) to the first part of the
problem was essentially structural: the selectivity of
endogenous ACh for histamine cell receptors was to be
due, anatomically, to the propinquity ofnerve termin-
als to histamine cells rather than to oxyntic cells. In
addition, there was some evidence from binding
studies that oxyntic cells were sparsely populated with
muscarinic receptors, hinting at the possibility that the
histamine cells were more richly endowed with them.

This solution begged a number of points, not least
the failure to explain why the effects of exogenous
choline esters failed to exhibit a metiamide-sensitive
component. This aspect of the problem has been
solved by a recent study (Black & Shankley, 1985b)
using an improved bioassay to analyse the muscarinic
receptors coupled to acid secretion. The concentra-
tion-effect curve to 5-methylfurmethide (SmefO, a
highly potent and selective muscarinic agonist, could
be displaced to the right by tiotidine, a potent and
selective H2-receptor antagonist.
The important point, from both a theoretical and

technical point of view, is that the maximum dose-
ratio achieved by tiotidine, namely 2.1, simply could
not have been detected by the earlier experiments
based on a 2 + 2 assay design - the variances were too
great. However, although this dose-ratio is small,
intuitively (see Discussion) this is the expected result
where the system is expressing the consequences of
small differences in receptor density between his-
tamine and oxyntic cells. The control concentration-
effect curve is mainly due to histamine release. After
H2-receptor blockade, doubling the concentration of

the muscarinic agonist is enough to activate the
oxyntic cell receptors directly.
These attempts to account for the effects of mus-

carinic receptor agonists have assumed that mus-
carinic receptors on different types of cells are
homogeneous. However, a strong case has been made
out recently (Giachetti et al., 1982; Hammer &
Giachetti, 1984) for the view that muscarinic receptors
are not an entity. The extent of the proposed
heterogeneity has still to be clarified but there is wide
agreement that at least two receptor types, Ml and M2,
can be identified by both pharmacological and
radioligand binding studies.

In this view, pirenzepine, a tricyclic muscarinic
receptor antagonist, has been classified as selective for
Ml-receptors. Corresponding to this, McN-A 343, a
muscarinic agonist, long recognized as a selective
activator of sympathetic ganglion cells, has now been
classified as a selective M,-receptor agonist (Giachetti
et al., 1982).

In practice, pirenzepine has been assigned the
property of being able to inhibit acid secretion with
fewer effects on vision and salivation than other
muscarinic receptor antagonists thus making it useful
in the treatment of peptic ulcer disease (Londong &
Londong, 1982). On the other hand, Odori & Magee
(1969) found that McN-A 343 greatly augmented
pentagastrin but not histamine or methacholine-
stimulated gastric acid secretion. In the light of the
new hypothesis about the heterogeneity of muscarinic
receptors, this older observation suggests that the
histamine cell receptors might be Ml and different
from those on oxyntic cells.

In an attempt to classify the nature of muscarinic
receptors involved in the induction of acid secretion,
this paper analyses the effects ofMcN-A 343 on gastric
acid secretion by the isolated stomach preparation of
the mouse.

Methods

Acid secretion

Acid secretion was measured in the isolated, lumen-
perfused, stomach preparation of the mouse as des-
cribed previously (Black & Shankley, 1985a). Briefly,
stomach preparations from fasting mice were establi-
shed with the pH electrode system arranged to provide
a 12 cmH2O intragastric pressure. 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 equilibrium
period in the absence or presence of antagonist, a
single cumulative concentration-effect curve was
obtained.
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Experimental design

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

Analysis

Acid secretion responses resulting from the addition of
agonists were measured as the change in pH (ApH) of
the lumen perfusate measured from the baseline
immediately before starting the agonist concentration-
effect curve. The curve data from individual prepara-
tions were fitted to a logistic function as described
previously (Black & Shankley, 1985a). For display
purposes the individual computed estimates of the
parameters governing the function for each treatment
group were expressed as means and a single curve
generated and superimposed upon the experimental
data.

Agonist-antagonist interactions were analysed as
described previously (Black et al., 1985a).

Drugs

Drugs were freshly prepared in distilled water. The
total volume added to the 40 ml organ bath did not
exceed 400 il. Drugs and their sources were as follows:
N-methylatropine (Sigma), atropine (Sigma), 5-meth-
ylfurmethide (5mef; Wellcome Research
Laboratories) and tetrodotoxin (Sigma). McN-A 343,
tiotidine and pirenzepine were generous gifts from
McNeil Laboratories USA, Imperial Chemical Indus-
tries Ltd and A.B. Hassle Ltd, respectively.

0.8
Results

McN-A 343 concentration-effect curves

Individual secretory responses to McN-A 343 reached
a sustained plateau after approximately 15 min and a
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fully-defined cumulative concentration-effect curve
(Figure 1) could be obtained in a single stomach
preparation. Pretreatment with tetrodotoxin (TTX)
0.1I M for 60 min has been found to abolish totally the
responses to electrical field stimulation in the mouse
stomach (Angus& Black, 1982). Therefore, because of
the original classification of McN-A 343 as a gang-
lionic stimulant (Roszkowski, 1961), we expected that
TTX would also block gastric acid secretion
stimulated by McN-A 343 on the assumption that its
effects were due to ganglionic stimulation of the
parasympathetic innervation of the gastric mucosa.
However, TTX (0.1I M for 60 min) did not affect
McN-A 343 concentration-effect curves (Figure 2).
Apparently McN-A 343 stimulates gastric acid secre-
tion independently of propagated neuronal action
potentials and, therefore, ganglionic activity.

The effect of atropine on McN-A 343 concentration-
effect curves

To determine whether McN-A 343 was acting on
muscarinic receptors to stimulate acid secretion the
interaction between McN-A 343 and atropine was
examined. Our previous analysis of muscarinic recep-
tors coupled to oxyntic cell secretion (Black & Shank-
ley, 1985b) made use of the potency and selectivity of
5mef to explore a wide range of muscarinic antagonist
concentrations (dose-ratios up to 3,000). However,
due to the relatively low potency of McN-A 343
([A50]= 6 gtM) and depressant effects on acid secretion
at concentrations above 3 mM, the range of antagonist
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Figure 1 Experimental record of a single response and
cumulative concentration-effect curve obtained with
McN-A 343 on the mouse stomach assay. ApH (ordinate
scale) refers to the change in pH of the lumen perfusate.
Doses ofMcN-A 343 were added when responses reached
a plateau to give the organ bath concentration indicated.

McN-A 343 (log M)
Figure 2 McN-A 343 concentration-effect curves
obtained in the absence (0) and presence (0) of
tetrodotoxin (0.1 M for 60 min) on the mouse stomach
assay. The curves drawn through the mean experimental
data points (n = 6) were obtained for a logistic fitting
procedure. Error bars show standard errors.
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Figure 3 (a) McN-A 343 concentration-effect curves obtained on the mouse stomach assay in the absence (-) and
presence of atropine (0) 2 x 10-8 (-) 5 x 10-8 (0) 1.25 x I0-7 and (A) 3 x 10-7M. The curves drawn through the
mean experimental data points (n = 5/6) were obtained from a logistic curve-fitting procedure. Error bars show
standard errors. (b) Schild plot for McN-A 343/atropine on the mouse stomach. Dose-ratios (r) were calculated from
the mean [A50] values estimated for the McN-A 343 concentration-effect curves. Estimates of slope parameter (b ± s.e.)
and pKB (± s.e.) were obtained by model fitting.
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Figure 4 (a) McN-A 343 concentration-effect curves obtained on the mouse stomach assay in the absence (0) and
presence of tiotidine (0) 3 x 10-7. (U) 3 x 10-6 and (0) 3 x 10-5M. The curves drawn through the mean

experimental data points (n = 5/6) were obtained from a logistic curve-fitting procedure. Due to almost maximal
inhibition ofsome of the McN-A 343 curves in the presence of 3 x 10- 5M tiotidine, it was not possible to fit individual
logistic curves to these data. Error bars show standard errors. (b) Simulation of the McN-A 343/tiotidine interaction.
The concentration-effect curve data shown in (a) were analysed using the theoretical model describing the competitive
antagonism of the mediator released by an indirectly acting agonist (Black et al., 1985a). Model fitting gave the
following parameter estimates: n = 1.14, KG = 1.06 x 10-4M EM = 0.74 and T values of 22.2 (control), 5.9 (3 x 10-7M
tiotidine), 0.78 (3 x 10-6M tiotidine) and 0.08 (3 x 10-5M tiotidine). These parameter values were used to generate the
concentration-effect curves shown.
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concentrations studied was restricted such that dose-
ratios ofonly 30 could be determined with correspond-
ing full definition of concentration-effect curves.
Nevertheless, atropine produced a significant concen-
tration-dependent parallel displacement of the McN-
A 343 concentration-effect curves with no significant
change in the maximal asymptote (Figure 3). Com-
petitive analysis (Black et al., 1985a) showed that the
slope of the Schild regression was not significantly
different from unity. The estimate of pKB
(7.90 ± 0.13) was not significantly different from that
obtained with atropine and 5mef (pKB = 7.78 ± 0.09)
in the analysis of muscarinic receptors coupled to
oxyntic cell secretion (Black & Shankley, 1985b).
Therefore, accepting the hypothesis that the difference
in pKB estimates for muscarinic receptor antagonists
between the mouse stomach and other visceral muscle
assays is due to the steady-state loss ofantagonist from
the receptor compartment to the acid secretion in the
stomach preparation (Angus & Black, 1979; Black &
Shankley, 1985b), it would appear to be reasonable to
conclude that McN-A 343 and 5mef are acting on the
same class of muscarinic receptors to stimulate gastric
acid secretion in the mouse stomach.

The effect of H2-receptor blockade on McN-A 343
concentration-effect curves

The H2-receptor antagonist, tiotidine, significantly
displaced the McN-A 343 concentration-effect curve
with concomitant depression of the maximal asymp-
tote (Figure 4a). This effect of H2-receptor blockade is

a
0.8r

different from that produced on the concentration-
effect curves of 5mef, bethanechol or carbachol (Black
& Shankley, 1985b; Angus & Black, 1982) where the
same maximal stimulation of acid secretion in the
absence and presence of H2-blockade could be
obtained. On the other hand, this pattern ofinhibition
is similar to that found with H2-receptor blockade of
acid secretion stimulated by either pentagastrin (Black
et al., 1985b) or vagal activation (Angus & Black,
1982). Therefore, this finding suggests that McN-A
343 stimulates acid secretion in the mouse stomach
predominately by releasing histamine.

Accordingly, the McN-A 343-tiotidine experimen-
tal data have been analysed using the theoretical
model developed to describe the competitive antagon-
ism of the mediator released by an indirectly-acting
agonist (Black et al., 1985b). McN-A 343 is assumed to
release endogenous histamine which acts on H2-recep-
tors to stimulate oxyntic cell secretion in the same way
as exogenously administered histamine. Tiotidine is
assumed to compete with histamine for H2-receptors.
The parameters obtained from direct fitting of the
experimental data to the model were used to simulate
the concentration-effect curves in Figure 4b. Apparen-
tly the theoretical model provides a reasonable des-
cription of the experimental data obtained.

These results suggest that McN-A 343 differs from
other muscarinic agonists administered to the mouse
stomach preparation in that its effects are largely
mediated by histamine release and that it does not
possess an equivalent ability to stimulate directly the
muscarinic receptors coupled to oxyntic cell secretion.
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Figure 5 (a) McN-A 343 concentration-effect curves obtained on the mouse stomach assay in the absence (0) and
presenceofpirenzepine(O)2 x 10-,(-)5 x 10-7,(0) 1.25 x IlO6and(A)3 x 10-6M.Thecurvesdrawnthroughthe
mean experimental data points (n = 5/6) were obtained from a logistic curve fitting procedure. Error bars show
standard errors. (b) Schild plot for McN-A 343/pirenzepine assay on the mouse stomach. Dose-ratios (r) were
calculated from the mean [A50] values estimated for the McN-A 343 concentration-effect curves. Estimates of slope
parameter (b ± s.e.) and pKB (± s.e.) were obtained by model fitting.
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A reasonable conclusion is that McN-A 343 is a
selective ligand for investigating the muscarinic recep-
tors mediating histamine release in the mouse
stomach. This would support the proposal of Gia-
chetti et al. (1982) that McN-A 343 is a selective M,-
receptor agonist. In that case, pirenzepine should be a
selective antagonist of McN-A 343 as these authors
also proposed.

The effect ofpirenzepine on McN-A 343 concentration-
effect curves

In a previous paper (Black & Shankley, 1985b) we
compared the activity of the muscarinic receptor
antagonist, pirenzepine, in the guinea-pig trachea
assay and on muscarinic receptors coupled to oxyntic
cell secretion in the mouse stomach. Pirenzepine did
not appear to demonstrate any selectivity for the
oxyntic cell muscarinic receptor. The in vivo gastric
acid selectivity ofpirenzepine may, ofcourse, be due to
blockade of muscarinic receptors remote from the
oxyntic cell but still involved in the control of gastric
acid secretion. The apparent selective action of McN-
A 343 on the histamine-cell muscarinic receptors in the
mouse stomach revealed in this study, provided an
opportunity to determine the affinity of pirenzepine at
these muscarinic receptors.

Pirenzepine produced a significant concentration-
dependent parallel displacement of the McN-A 343
concentration-effect curve without significant change
in the maximal asymptote (Figure 5). Competitive
analysis indicated a Schild regression not significantly
different from unity. The estimate of pKB
(6.69 ± 0.07) was not significantly different from that
obtained from the interaction with 5mef, in the
presence of H2-receptors blockade, on the oxyntic cell
muscarinic receptor (pKB = 6.67 ± 0.09; Black &
Shankley, 1985b). Therefore, the muscarinic receptors
on the histamine and oxyntic cells cannot be differen-
tiated by the expressed binding affinities of either
atropine or pirenzepine.

Discussion

The muscarinic agonist, McN-A 343, was originally
described as a selective stimulant of receptors on
sympathetic ganglion cells (Roszkowski, 1961). Since
then, unambiguous evidence for a similar action on
parasympathetic ganglion cells has not been achieved.
The finding in this paper that the stimulant effects of
McN-A 343 on acid secretion are not annulled by
tetrodotoxin might be seen as evidence that parasym-
pathetic ganglion cells are not involved. However, the
sensitivity of McN-A 343 to blockade by atropine
predicates that muscarinic receptor activation is
nevertheless the basis for the agonism. Therefore, if

the current ideas are substantially correct, these
muscarinic receptors must lie somewhere between the
parasympathetic postganglionic neurones and the
final secretory event. These muscarinic receptors
would then be in series with muscarinic receptors on
the parasympathetic ganglion cells, should they exist.
If, now, tetrodotoxin eliminated the consequences of
activation of these ganglion cell receptors, McN-A 343
would then activate solely the cells with the second
population of receptors. There would be no loss of
sensitivity provided the cellular receptor densities in
the two sites were roughly equal. Therefore, failure to
displace McN-A 343 concentration-effect curves with
TTX is not evidence against parasympathetic ganglion
involvement. Nevertheless, the effects of atropine
point to at least an additional locus of muscarinic
receptors which McN-A 343 can activate on non-
neural cells.
The existence of muscarinic receptors on oxyntic

cells is well established and the effects of their activa-
tion cannot be inhibited by H2-receptor antagonists
(see Introduction). The concentration-effect curves to
bethanechol or 5mefon the isolated stomach prepara-
tion of the mouse can be displaced by no more than a
factor of 2 by tiotidine. Therefore the finding that
tiotidine displaces the McN-A 343 concentration-
effect curves with a combination of right shift and
reduction of the maximum argues against McN-A 343
having its primary agonist action at oxyntic cell
muscarinic receptors. Moreover, as tiotidine displaces
pentagastrin curves in the same way, this argues for an
action of McN-A 343 on the histamine cells (Black et
al., 1985b). At the same time, this evidence requires
that McN-A 343 has, compared to bethanechol and
Smef, a differential sensitivity to the receptors on the
histamine and oxyntic cells. Giachetti et al. (1982)
have proposed that McN-A 343 is a selective mus-
carinic Ml-receptor agonist and this classification
could account for the selectivity if the histamine and
oxyntic cells expressed M,- and M2-receptors respec-
tively on their membranes. This possibility can be
tested by measuring the parameters of the interaction
between McN-A 343 and pirenzepine because piren-
zepine is now classified as a selective MI-receptor
antagonist.
The effects of pirenzepine on McN-A 343 concen-

tration-effect curves could not be distinguished from
simple competitive antagonism. A pKB = 6.69 + 0.07
was calculated for this action of pirenzepine pos-
tulated to be at muscarinic receptors on histamine
cells. This value is not significantly different from the
value (pKB = 6.67 ± 0.09) calculated for the interac-
tion between pirenzepine and 5mef in the presence of
tiotidine. Under these conditions, 5mef is imagined to
activate oxyntic cell muscarinic receptors (Black &
Shankley, 1985b). Similarly, no significant difference
was found between the pKB values for atropine with



McN-A 343 AND GASTRIC ACID SECRETION 615

McN-A 343 and 5mef plus tiotidine measured on the
isolated stomach preparation of the mouse. Therefore,
judged by the estimated dissociation constants for
pirenzepine and atropine, the muscarinic receptors on
histamine and oxyntic cells belong to the same class.

If the muscarinic receptors on histamine cells and
oxyntic cells belong to the same class, then McN-A 343
should have identical affinity for the receptors on each
type of cell. Therefore, the selectivity which McN-A
343 apparently displays for the histamine cells would
have to be due to a higher expressed efficacy at these
cells. A phenomenon like this has been studied by
Kanakin & Beek (1980). They showed that prenalterol
(a P-adrenoceptor agonist), expressed widely varying
degrees of efficacy in six different tissues. They
attributed the variations between tissues to differences
in the stimulus-effect coupling parameter, P, in the
traditional receptor-stimulus model of agonism.
However, an alternative approach to that problem was
suggested in a recently developed general model of
agonism (Black & Leff, 1983). In this model the
efficacy of the agonism expressed in an effector system
is attributed to the ratio [RO]/KE, defined as the
transducer ratio (T), where [Ro] is the total receptor
density and KE is the location parameter for the
relation between the concentration of occupied recep-

tors [AR] and the effect (E). In the simple receptor-
transducer version of that model, KE = KAR and 'the
only parameter available to account for intertissue
variations in agonism is [Ro]'. In the complex receptor-
transducer version, a stimulus-effect coupling
parameter, P, is also needed. Nevertheless, when the
data of Kenakin & Beek were fitted to the complex
model, variation in [Ro] alone was sufficient to account
for the differences in the expressed efficacy of prenal-
terol. The 'main reason for preferring [Ro] to P as the
source of the (intertissue) variation is, in terms of
model fitting, because it offers a simpler explanation
for the experimental data'. By analogy, the theoretical
effect of assigning a relatively higher total muscarinic
receptor density to the histamine cells has been
investigated.
Although the problem of finding a normalising

principle to allow a valid comparison of receptor
densities, using the radioligand binding technique, has
still to be solved, nevertheless Ecknauer et al. (1980)
apparently found a very low density of muscarinic
binding sites on isolated oxyntic cells compared to
values reported by others for visceral muscle
(Yamamura & Snyder, 1974) or brain (Wastek &
Yamamura, 1978). So that the general model of
agonism could be used to test the logical strength of
our intuitive judgement that these variations in recep-
tor densities could account for the expressed efficacies
of McN-A 343, we have assumed that the histamine
cells have a six fold higher density of muscarinic
receptors than oxyntic cells. For comparison, we have

assumed that 5mefis a full agonist on both tissues, that
is that its maximum response is effector-limited rather
than receptor-limited in both tissues and there is in
effect a receptor reserve. Consequently, the higher
receptor density on the histamine cells would only
have the effect of increasing the potency of 5mef at
these cells relative to oxyntic cells. This would then be
consistent with the small dextrad shift of the 5mef
concentration-effect curves produced by tiotidine
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Figure 6 5-Methylfurmethide (5mef; circles) and McN-
A 343 (squares) experimental concentration-effect curves
in the absence (closed symbols) and presence of H2-
receptor blockade (open symbols) on the mouse stomach
assay and concentration-effect curves simulated (contin-
uous bold line) using the general model of agonist activity
(Black & Leff, 1983). Tiotidine is assumed to convert
agonist activity due to the effects of released histamine to
activity due to direct stimulation of oxyntic cells. The
muscarinic receptors on the histamine and oxyntic cells
are assumed to be identical and, accordingly, the same KA
values used to simulate each 5mef and McN-A 343
concentration-effect curve. The KA value for 5mef
(2.4 x 10-6M) was that estimated by Leffet al. (1985) on
the guinea-pig trachea assay and that for McN-A 343
(1.6 x 10-5M) the affinity estimate obtained by Van
Rossum (1962) on the rat intestine. Values of T, defined as
[Ro]/KE in the model were calculated to account for the
dextrad shift of the experimental 5mef concentration-
effect curve and the shift and depression of the McN-A
343 concentration-effect curve in the presence of
tiotidine. A six fold reduction of r, and, hence, [Ro] was
required to provide a reasonable description of the
experimental data. The slope parameter, n, introduced in
the model to account for non-hyperbolic concentration-
effect curves was fixed at 1 for agonist activity due to
histamine release and 3.8 for agonist activity directly on
the oxyntic cell.

100r-
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(Black & Shankley, 1985b): by blocking the effects of
released histamine, tiotidine is imagined to shift the
concentration-effect curve involving histamine cell
receptors to a curve involving oxyntic cell receptors. In
addition, the 5mef concentration-effect curve was
observed to be significantly steeper in the presence of
tiotidine. In applying the general model ofagonism we
have assumed that the function relating oxyntic cell
muscarinic receptor occupancy to acid secretion is
steep. This is achieved in the model by replacing the
hyperbolic transducer function by a logistic function
with slope parameter, n, equal in this case to 3.8 (see
Black & Leff, 1983). On the other hand, McN-A 343
has been assumed to have an intrinsic efficacy, KE in
the model, sufficiently low that values of [H] large
enough to produce maximal responses can only occur
with high values of [R.], the receptor density. If the
receptor density on the histamine cells was just
sufficient to allow McN-A 343 to express a maximum
response, then by our assumption, the lower receptor
density on the oxyntic cells would reduce its efficacy
there to that of a partial agonist. Therefore, when the
McN-A 343 concentration-effect curve is switched
from a histamine cell response to an oxyntic cell
response by tiotidine, the maximum response will be
reduced. A comparison of the model behaviour with
the effects of tiotidine on the 5mef and McN-A 343
concentration-effect curves is shown in Figure 6.
A corollary to this proposal, that the selectivity of

McN-A 343 could be accounted for by the combina-
tion of low intrinsic efficacy plus differences in recep-
tor densities between cell types, is that McN-A 343
should act as a competitive antagonist to 5mefwhen it
is acting directly on the oxyntic cells. Preliminary
experiments (data not shown) indicate that McN-A

343 can indeed antagonize the effects of 5mef in the
presence of tiotidine to give an estimated pKB of 4.7.
Interestingly enough, Van Rossum (1962) has already
shown that McN-A 343 antagonizes the muscarinic
agonist, furtrethonium, on the rat intestine
(pA2 = 4.8).
Our conclusion is that there is no need to postulate

qualitative differences in receptor types to account for
the selective effects ofMcN-A 343 on acid secretion by
the mouse stomach. The effects of pirenzepine were
important in arriving at this conclusion. Pirenzepine
did not distinguish the muscarinic receptors attributa-
ble to histamine cells and oxyntic cells from those on
tracheal smooth muscle cells (Black & Shankley,
1985b). In fact the only significant difference we have
been able to find between the muscarinic antagonist
properties of pirenzepine and atropine is that, unlike
atropine, the pKB for pirenzepine on the oxyntic cells is
not relatively low. We have attributed this difference
to the relative polarity of pirenzepine and the pos-
sibility that, like other polar compounds, it is not
continuously lost through the oxyntic cells into the
gastric juice. The consequence of this is that effective
blockade of the muscarinic receptors involved in
regulating the secretion of acid might be achieved, in
vivo, at relatively lower plasma concentrations of
pirenzepine compared to those of atropine. This
phenomenon alone might be sufficient to account for
its tissue selectivity in man.
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