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Abstract. Stimulation of acid secretion by muscarinic agents involves receptors with a 
higher apparent affinity to the Ml-antagonists, pirenzepine and telenzepine, than those reg
ulating heart rate and salivary secretion. However, the localization of the proposed Ml- 
receptors regulating acid secretion remains unclear. Studies with parietal cells isolated from 
several species indicate that parietal cells have a muscarinic receptor with low affinity for the 
Ml-antagonists. Our studies with somatostatin cells isolated from canine fundic mucosa 
indicates that the muscarinic receptor inhibiting somatostatin release also is of low affinity 
for Ml-antagonists. We have found no evidence for regulation of histamine release from 
canine fundic mast cells, whereas there is evidence that acetylcholine induces histamine 
release from the enterochromaffin-like cells of the rat and rabbit fundic mucosa. Further 
studies will be necessary to determine which of the muscarinic receptors potentially involved 
in the regulation of acid secretion is responsible for the Ml-behavior of this pathway.

Vagal stimulation and exogenous choli- 
nomimetics stimulate gastric acid secretion 
indirectly by releasing gastrin and by direct 
action on the parietal cell. Acid secretion 
may also be enhanced by inhibition of soma
tostatin release by carbachol or by stimula
tion of histamine release. Muscarinic cholin
ergic receptors have been identified by func
tional studies on the parietal cell. Recently, 
subtypes of muscarinic receptors have been 
described. Some controversy exists as to the 
subtype of muscarinic receptor-regulating 
acid secretion. In vivo studies indicated the 
involvement of Ml receptors [1] but the spe
cific locus of these receptors has not been 
established by in vitro studies [2, 3],

Using cells isolated from canine gastric 
fundus and antrum we have studied the 
characteristics of muscarinic receptors on 
enriched cell populations and demonstrate 
functional and/or binding evidence for mus
carinic receptors on parietal, chief, somato
statin and gastrin cells. These studies have 
demonstrated the presence of multiple cho
linergic muscarinic receptor populations 
with characteristics intermediate between 
the classic Ml - in neural tissue and M2-sub- 
types in heart. We postulate that either the 
reported M1 receptor exists on another cell 
population such as neurons in the intramural 
plexus, or that the additive effects of multi
ple receptor populations alters the apparent
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receptor affinity in vivo. We have employed 
a ‘reductionist’ approach in the study of gas
tric muscarinic receptors, utilizing cell sepa
ration and culture techniques as described in 
detail elsewhere [4-8]. The protocols used 
for binding and functional experiments have 
also been reported elsewhere [10-13].

The presence of cholinergic receptors on 
gastric mucosal cells has been established by 
functional and radioligand studies with the 
properties indicative of a muscarinic recep
tor site. In isolated canine fundic cells bind
ing sites for [3H]-QNB were present in all of 
the elutriator-separated fractions [10], con
sistent with distribution of muscarinic recep
tors on mucous, endocrine/mast and chief 
cells in addition to parietal cells.

Recent binding studies using [3H]-NMS 
confirm that the receptor present on the pa
rietal cell is of a muscarinic type, with a high 
affinity for NMS and atropine. Comparable 
binding studies with a crude membrane frac
tion and with intact, enriched canine pari
etal cells indicated that [3H]-QNB binding 
was rapid, reversible and saturable [10]. The 
presence of binding sites for muscarinic ago
nists has been confirmed by functional stud
ies demonstrating atropine inhibition of 
aminopyrine accumulation stimulated by 
carbachol [11].

We examined the possibility that the 
muscarinic receptor on the canine parietal 
cell possessed a high affinity for pirenzepine 
or telenzepine and therefore could be of the 
M 1-subtype. The binding studies with [3H]- 
NMS showed that the affinity for pirenze
pine of the parietal cell muscarinic receptor 
was nearly 100-fold less than for atropine. 
Functionally, pirenzepine was 100-fold and 
telenzepine 8-fold less potent than atropine 
as an inhibitor of carbachol-stimulated AP 
accumulation. These data are consistent

with other studies showing 5- to 25-fold 
greater potency of telenzepine compared 
with pirenzepine [14, 15] and 5- to 10-fold 
greater potency of atropine compared with 
telenzepine [14], These findings of a low to 
intermediate affinity of pirenzepine and 
telenzepine for parietal cell receptors are 
consistent with the binding [16] and func
tional studies [14, 17-19] of others, indicat
ing clearly that parietal cells do not possess a 
muscarinic receptor of an Ml-subtype.

We have also investigated the presence of 
muscarinic receptors on other cells of the 
gastric mucosa. Specific QNB binding was 
present in the small cell elutriator fraction 
containing endocrine cells (somatostatin and 
glucagon) and histamine-producing mast 
cells. In a linear gradient separation of this 
fraction, we found specific QNB binding 
sites in all the fractions of intermediate and 
light density, the fractions containing the 
markers for glucagon and somatostatin [1], 
Nonparietal cell muscarinic receptors could 
mediate the release of paracrine or endo
crine transmitters that in turn modulate the 
acid secretory response. In functional stud
ies, cholinergic agents inhibited somato
statin release from cultured cells, an action 
blocked by nanomolar concentrations of 
atropine with an apparent dissociation con
stant of 0.4 nmol/1 [12], consistent with the 
properties of muscarinic receptors. These 
findings indicate that muscarinic agents di
rectly inhibit the release of somatostatin, an 
effect that might serve to enhance the overall 
acid secretory response. Pirenzepine and 
telenzepine also competitively inhibited this 
receptor, but with affinities 100- and 10-fold 
lower, respectively, than that found for atro
pine [9], Thus, the somatostatin cell does not 
seem a likely cell to possess a high affinity 
pirenzepine receptor [20].
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Cholinergic agents may also mediate acid 
secretion indirectly by actions on histamine 
release from mast cells. To date, we have 
found no evidence for cholinergic binding or 
functional activity on canine mast cells. Li
near gradient separation of the small cell elu- 
triator fraction resulted in an inverse corre
lation between QNB binding and histamine 
content, with no detectable binding present 
in high-density fractions maximally enriched 
in mast cells [7], Functionally, cholinergic 
agents alone, or in combination with gastrin, 
did not induce histamine release from ca
nine fundic mast cells in primary culture [7], 
These findings may not be taken as general
ized phenomena in all species, however, 
since cholinergic mechanisms stimulate his
tamine release from rabbit gastric glands 
[21] and frog gastric mucosa [22],

In rat and rabbit, the predominant stores 
of fundic mucosal histamine are contained 
in enterochromaffm-like (ECL) cells, rather 
than in mast cells, as is the case in dog and 
probably human fundic mucosa. Therefore, 
it can be anticipated that the regulation of 
histamine release would differ among these 
two cell types.

Cholinomimetics directly stimulate gas
trin release from cultured antral canine G- 
cells [23, 24], likely at a muscarinic site. 
Studies in the rat indicated that gastrin re
lease stimulated by carbachol was 100-fold 
less sensitive to pirenzepine than to atropine 
[20], suggesting that gastric Ml receptors are 
not present on the gastrin cell.

Cholinergic agents stimulate pepsinogen 
secretion [6, 25], providing evidence for 
muscarinic receptors on chief cells. Recent
ly, Sakamoto et al. [26] demonstrated greater 
affinity for atropine than pirenzepine of 
these receptors, suggesting that they also are 
not of the Ml-subtype.

The failure to detect Ml receptors on 
parietal and other epithelial cells of the ca
nine stomach is consistent with the hypothe
sis that M1 receptors involved in acid secre
tion may exist on neurons in the enteric ner
vous system. Two subtypes of muscarinic 
receptors have been localized on intramural 
neurons of the guinea pig. Ml receptors ap
peared to be likely candidates to mediate 
postsynaptic muscarinic events whereas M2 
receptors were involved in presynaptic in
hibitory modulation [27], For example, ace
tylcholine has been reported to stimulate 
bombesin release from enteric neurons [28] 
which could therefore influence gastric acid 
secretion by modulation of gastrin release. 
The specific pathways and receptors mediat
ing muscarinic modulation of acid secretion 
in the fundic mucosa remain to be defined.

Binding and functional studies have dem
onstrated the presence of muscarinic recep
tors on the parietal cell, as well as on soma
tostatin, gastrin and chief cells. The sum- 
mated effects of cholinergic agonists on mul
tiple cell types result in stimulation of acid 
secretion; however, the relative physiologic 
importance of each specific receptor popula
tion cannot be assessed by the reductionist 
approach. The receptors on isolated parietal, 
chief and somatostatin cells are less sensitive 
to pirenzepine or telenzepine than to atro
pine, suggesting that canine gastric mucosal 
cells do not possess a definitive M1 receptor. 
Further investigation is needed to clarify 
whether a gastric Ml receptor exists, for 
example on intramural neurons, or whether 
the apparent affinity of muscarinic antago
nists in vivo reflects interaction of effects 
between muscarinic receptors on several cell 
types or mechanisms such as altered delivery 
to the receptor site [19]. The presence of 
muscannic receptors with a specificity dis
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tinct from either Ml- or M2-subtypes may 
represent a third muscarinic subtype of 
pharmacological interest.

Acknowledgements

Pircnzepine was a kind gift of Thomae GmbH (Bi- 
berach an der Riss, FRG). Tclenzepine was a kind gift 
of Byk Gulden Lomberg Chemische Fabrik (Kon
stanz, FRG).

References

1 Hirschowitz Bl, Fong J, Molina E: Effects of piren- 
zepine and atropine on vagal and cholinergic secre
tion and gastrin release and on heart rate in the dog. 
J Pharmacol Exp Ther 1983;225:263-268.

2 Schiavone A, Giachetti A, Hammer R: A subtype of 
muscarinic receptors sensitive to pirenzepine is 
involved in vagal induced gastric secretion. Nau- 
nyn-Schmiedebergs Arch Pharmacol 1983;322:R51.

3 Pagani F, Ciprandi C, Giachetti A; Selective inhi
bition of vagally induced acid secretion by piren
zepine. Subtypes of Muscarinic Receptors II. Proc 
2nd Int Symp. Trends Pharmacol Sei 1986(suppl): 
87.

4 Soli AH: The actions of secretagogues on oxygen 
uptake by isolated mammalian parietal cells. J 
Clin Invest 1978;61:370-380.

5 Soll AH, Yamada T, Park J, et al: Release of 
somatostatin-like immunoreactivity from canine 
fundic mucosal cells in primary culture. Am J 
Physiol 1984;247:G558-G566.

6 Sanders MJ, Amirian DA, Ayalon A, et al: Regu
lation of pepsinogen release from canine chief 
cells in primary monolayer culture. Am J Physiol 
1983;245:G641-G646.

7 Soll AH, Toomey M, Culp D, et al: Modulation of 
histamine release from canine fundic mucosal 
mast cells. Am J Physiol 1988;245:G40-G48.

8 Giraud AS, Soll AH, Cuttitta F, et al: Bombesin 
stimulation of gastrin release from canine gastrin 
cells in primary culture. Am J Physiol 1987; 15: 
G413-G420.

9 Soll AH, Chan CB, Chen MCY, et al: Character
ization of muscarinic receptor binding in isolated 
canine parietal cells. J Pharmacol Exp Ther 1988; 
254:G40-G48.

10 Culp DJ, Wolosin JM, Soli AH, et al: Muscarinic 
receptors and guanylate cyclase in mammalian 
gastric glandular cells. Am J Physiol 1983;245: 
G760-G766.

11 Soli AH: Secretagogue stimulation of MC-amino- 
pyrinc accumulation by isolated canine parietal 
cells. Am J Physiol 1980;238:263-268.

12 Yamada T, Soil AH, Park J, et al: Autonomic reg
ulation of somatostatin release: Studies with pri
mary cultures of canine fundic mucosal cells. Am 
J Physiol 1984;247:G567-G573.

13 Soil AH, Amirian DA, Thomas LP, et al: Gastrin 
receptors on isolated canine parietal cells. J Clin 
Invest 1984;73:1434-1447.

14 Eltze M, Gönne S. Riedel R, et al: Pharmacologi
cal evidence for selective inhibition of gastric acid 
secretion by telenzepine, a new antimuscarinic 
drug. Eur J Pharmacol 1985; 112:211-224.

15 Voderholzer U, Londong V, Londong W, et al: 
Telenzepine is more than 25-times more potent 
than pircnzepine: A dose-response and compara
tive secretory study in man. Subtypes of Musca
rinic Receptors II. Proc 2nd Int Symp. Trends 
Pharmacol Sei 1986(suppl):89.

16 Magous R, Baudierc B. Bali JP: Muscarinic recep
tors in isolated gastric fundic mucosal cells. Bind
ing-activity relationships; in Laboratoire de Bio
chimie des Membranes, Er Cnrs 228. Montpelier, 
Enscm, 1985.

17 Sachs G, Kasbekar DK, Bcrglindh T: The mecha
nism of action of pirenzepine on gastric secretion; 
in Blum AL, Hammer R (eds): Die Behandlung 
des Ulcus pepticum mit Pirenzepin. Gräfclfing, 
Demeter, 1978, pp 18-34.

18 Rosenfeld GC: Pirenzepine (LS 519): A weak in
hibitor of acid secretion by isolated rat parietal 
cells. Eur J Pharmacol 1983;86:99-101.

19 Black JW, Shankley NP: Pharmacological analysis 
of the inhibition by pirenzepine and atropine of 
vagal-stimulated acid secretion in the isolated 
stomach of the mouse. Br J Pharmacol 1986;88: 
291-297.

20 Sue R, Toomey ML, Todisco A, et al: Pirenzepine- 
sensitive muscarinic receptors regulate gastric so
matostatin and gastrin. Am J Physiol 1985;248: 
G184-GI87.

21 Berglindh T, Bcrgqvist E: Regulation of histamine 
release induced by gastrin and acetylcholine in 
isolated rabbit gastric glands. Gastroenterology 
1984:85:1024.

D
ow

nl
oa

de
d 

by
: 

U
ni

ve
rs

ity
 o

f C
on

ne
ct

ic
ut

13
2.

17
4.

25
0.

22
0 

- 
6/

13
/2

01
8 

6:
26

:5
0 

P
M



Cholinergic Regulation of Acid Secretion 21

22 Ruiz MC, Michelangeli F: Evidence for a direct 
action of acetylcholine on the gastric oxyntic cell 
of the amphibian. Am J Physiol I984;246:G16- 
G25.

23 Chan CB, Giraud AS, Walsh JH, ct al: Inhibition 
of gastrin secretion from canine antral G-cells by 
pertussis toxin sensitive and insensitive mecha
nisms. Gastroenterology 1988 (in press).

24 Sugano K, Park J, Soli AH, et al: Stimulation of 
gastrin release by bombesin and canine gastrin 
releasing peptides. Studies with isolated canine G- 
cells in primary culture. J Clin Invest 1987;79: 
935-942.

25 Hersey S: Pepsin secretion; in Johnson LR (ed): 
Physiology of the Gastrointestinal Tract, ed 3. 
New York, Raven Press 1987, pp 947-958.

26 Sakamoto C, Matozaki T, Nagao M, et al: Differ
ence in effects of pirenzepine and atropine on car- 
bachol-induced pepsinogen secretion from iso

lated gastric glands. Biochem Biophys Res Com- 
mun 1986;136:193-199.

27 North RA, Slack BE, Surprenant A: Muscarinic 
M 1 and M2 receptors mediate depolarization and 
presynaptic inhibition in guinea pig enteric ner
vous system. J Physiol (London) 1985:368:435— 
452.

28 Madaus S, Schusdziarra V, Schmidt R, et al: Inde
pendent regulation of gastric bombesin and gas
trin secretion by peptidergic and cholinergic stim
uli: Modulatory effects of glucose. Symp GI Hor
mones. Can J Physiol Pharmacol, July 1986, p 34.

Catherine B. Chan
Center for Ulcer Research and Education 
VA Wadsworth Medical Center Research 
Services and Department of Medicine 
University of California at Los Angeles 
Los Angeles, CA 90073 (USA)

Discussion

Participating: K. Heintze, W. Kromcr, K.F. Sewing, A. Soli, R.W. Stockbriigger

A major point of discussion was that several cells 
in the gastric mucosa have muscarinic receptors, in 
addition to the parietal cell. However, the physiologi
cal importance of the other receptor sites in the regu
lation of acid secretion remains unclear.

One particularly interesting question is the mech
anism explaining the inhibition of gastrin stimulation 
of acid secretion by antimuscarinic agents. Prof. Soli 
noted that muscarinic agonists inhibit somatostatin 
secretion and stimulate parietal cell function. Why 
such a complicated regulatory system with multiple 
receptors and interactions exists for such a simple 
event as acid secretion remains unclear. Prof. Soli 
suggested that some of the receptors that have been 
found in the fundic mucosa may not have a physiolog
ically important role. On the other hand, interaction 
between receptors and between cell types may pro
vide a mechanism for fine tuning and modulation of 
the acid secretory response. For example, according 
to Prof. Soil, gastrin may stimulate the parietal cell 
while also promoting negative feedback due to stimu
lation of somatostatin release. In contrast, muscarinic

agonists serve to inhibit somatostatin release while 
stimulating the parietal cell. Therefore, vagal or mus
carinic stimulation may serve to enhance the gastrin 
response by attenuating somatostatin release and 
complementing stimulation at the parietal cell. Elimi
nation of cholinergic input, on the other hand, may 
inhibit the acid secretory response to gastrin in part 
because of removing muscarinic inhibition of soma
tostatin release. This suggested mechanism for cholin
ergic-gastrin interaction remains hypothetical.

Prof. Sewing believed that, in analogy to the data 
obtained by Prof. Soli in dog parietal cells, cholinergic 
and histaminergic receptor systems interact in pari
etal cells of guinea pig. The mechanism of this inter
action, however, is not known. Prof. Soil pointed out 
that, in canine parietal cells, no interaction between 
cholinergic agonists and gastrin was demonstrated, 
but such interaction had in fact been observed be
tween gastrin and histamine, and cholinergic agonists 
and histamine. Interactions between muscarinic re
ceptors and gastrin receptors in dog should, therefore, 
be localized proximal to the parietal cell.
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