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Comparative studies of the effects of some
antimuscarinic agents on gastric damage and pupillary

reflex in the rat
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The effects of some antimuscarinic compounds on
oxotremorine-induced gastric damage, the pupil size
and the pupillary light reflex have been studied in the
rat. Unlike atropine, propantheline and methyls-
copolamine, pirenzepine is effective in preventing gas-
tric erosions at doses much lower than those that affect
pupillary reflex.

Introduction  Pirenzepine is an antimuscarinic
agent which has been shown to differentiate between
different subtypes of muscarinic receptors (Hammer
et al., 1980). This concept of selectivity has been
extended to the gastrointestinal tract since many
studies have indicated that pirenzepine is effective in
healing peptic ulcer and inhibiting acid secretion but
has almost none of the typical side effects of the
conventional antimuscarinic agents (Jaup, 1981).
Recently, contradictory findings on this topic have
been published. Some authors have shown that
pirenzepine does not have antisecretory activity at
doses lower than those inducing side effects (Main &
Pearce, 1981; Szelenyi, 1982; Daley et al., 1982),
while other authors confirmed and supported the
existence of selectivity for pirenzepine (Del Soldato
et al., 1982a; Perry & Heathcote, 1982; Hirschowitz
et al., 1983). In detail, according to Perry & Heath-
cote (1982) pirenzepine, unlike the conventional
antimuscarinic drugs, is more effective in suppressing
acid secretion than it is in increasing pupil diameter.
In addition, the mydriatic response is not a specific
antimuscarinic response (Bowman & Rand, 1980)
and it is quite important to evaluate ‘pure’ antimus-
carinic effects on the pupil, since this effect appears to
be one of the most serious adverse reactions to
antimuscarinic therapy (Weiner, 1980). Therefore, it
seemed worthwile to evaluate further the effects on
the pupillary reflex and to compare the effects of
pirenzepine, atropine, methylscopolamine and prop-
antheline on it and on gastric damage, both of which
are specifically mediated by muscarinic receptor acti-
vation.

Methods Female albino rats, Sprague Dawley
strain, 120-150g, in groups of 10, were housed in
plastic cages with wire bottoms to minimize cop-
rophagy and fasted for 24 h before the experiments,
with water ad libitum. Ten rats each were used for the
control and drug-treated groups.

At least three doses of antimuscarinic compound
were given to obtain dose-response curves. Atropine
sulphate (BD H), methylscopolamine (BDH), prop-
antheline methylbromide (Searle) and pirenzepine
(Thomae) were freshly dissolved in 0.9% w/v NaCl
solution (saline) and administered intravenously
(i.v.). Doses are expressed as free bases. Oxot-
remorine and neostigmine (Sigma) were dissolved in
0.16 M phosphate buffer, pH 7.4, and the solutions
were used for 4-5 days.

By use of a binocular microscope with a graduated
scale in one eyepiece, pupil diameters were measured
before and 15 min after the i.v. administration of the
antimuscarinic agent, with or without a light stimulus.
The light reflex was tested by lighting the right eye
with a quartz-rod light for 15s. The procedure for
inducing gastric ulcer was as previously described
(Del Soldato et al., 1982a).

Oxotremorine was given iv. at a dose of
700 pugkg™, 30 min after neostigmine (3 mgkg™', or-
ally). Antimuscarinic agents were injectedi.v. 15 min
before oxotremorine. This time interval was selected
since it was found in preliminary time-response
studies to be the time of the peak effect for the
anti-ulcer and the mydriatic activity of the com-
pounds.

The effective dose;o0 (ED2go) (the dose which dou-
bled the diameter of the unstimulated pupil) and the
EDyso (the dose which inhibited by 50% either the
miotic response induced by light or the incidence of
oxotremorine-induced lesions) were determined for
antimuscarinic compounds by means of regression
analysis, using standard procedures (Saunders &
Fleming, 1971).

Results The effects of graded intravenous doses of
pirenzepine, atropine, methylscopolamine and prop-
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Table1l Effect of some antimuscarinic agents on gastric lesions, pupil size and pupillary light reflex in rats

Compounds ugkg ! for: Therapeutic index
EDso ED2g0 EDsp
gastric damage (a) pupil diameter (b) pupil reflex (c) b/a c/a
Atropine 29 16 14 5.5
(1.6-4.3) -7 (15-17)
Propantheline 0.7 3 7 4.3 10
(0.3-1.6) (2-4) (5-8)
Methylscopolamine 04 1.8 3.6 4.5 9
0.2-0.7) (1.3-2.3) (2.5-5.1)
Pirenzepine 19.0 408 2064 215 109
(8.8-40.9) (226-735) (1744-2442)

In parentheses: 95% fiducial limits.

antheline on oxotremorine-induced gastric damage
and pupillary function and size are shown in Table 1.
In order to evaluate the selectivity of the drugs for the
stomach, the EDs, for inhibition of the pupillary light
reflex or the ED,qq for the increase in pupil diameter
were expressed as ratios to the EDs for inhibition of
gastric damage. As can be seen, the ratios for piren-
zepine are 15 and 20 times greater than those for
atropine, 5 and 11 times those of propantheline and 5
and 12 times those of methylscopolamine, indicating
that the first compound is more selective for the
stomach than the other three.

Discusion The selective profile of antimuscarinic
compounds is evaluated by analysis of the ratios of
the therapeutic doses to the doses that induce side
effects. Although in most papers about the selectivity
of anti-ulcer compounds with antimuscarinic proper-
ties, the anti-secretory activity is used as the index for
therapeutic effects, anti-ulcer activity should be bet-
ter, since there is growing evidence that pirenzepine
and antimuscarinics in general possess anti-ulcer
properties, which may be partially independent of
acid secretion inhibitory activity (Del Soldato et al.,
1982b; Rovati et al.,, 1982). An ulcerogenic agent
with specific parasympathomimetic properties (Cho
et al., 1962) was used for this study.

One of the side effects of most antimuscarinic
drugs, that is the influence on the pupil, was studied
because of the number of the possible consequences
(such as impairment of near vision, risk of damage to
the retina, increased intraocular pressure in people
predisposed to narrow-angle glaucoma, etc.) of this
group of drugs (Weiner, 1980). The mydriatic re-
sponse is commonly used as the index of pupillary
function in animal studies, but this measure is not a
specific antimuscarinic response. In fact, antimus-
carinic compounds are both mydriatic (i.e., they pro-
duce dilatation of the pupil through paralysis of

constrictor pupillae) and cycloplegic (i.e., they cause
paralysis of the ciliary body and accommodation,
with a resultant dilatation of the pupil). They differ
from other agents that cause pupillary dilatation
through contraction of dilatator pupillae (such as
adrenergic compounds) without loss of accommoda-
tion and the pupillary light reflex. Therefore, it is
clear that the mydriatic response may be due to either
a specific antimuscarinic interaction or to a non-
specific effect, or both, and it is important to find a
model based on pupillary antimuscarinic effects and
predictive of impairment of accommodation or risk
of glaucoma.

Since one of the most constant and significant
clinical signs in glaucoma is full dilatation of the pupil
with no response to light stimuli (Magrane, 1974),
the evaluation of both pupil diameter and the light
reflex might reliably test for specific antimuscarinic
effects. Our present data show that, unlike atropine,
propantheline or methylscopolamine, pirenzepine
elicits anti-ulcer effects at doses significantly lower
than those that induce mydriasis or cause the loss of
the pupillary light reflex, giving a therapeutic dose
range within which pirenzepine can exert its anti-
ulcer activity without inducing any ocular side effect
in rats.

Lastly, the clinical significance of these findings
should be emphasized. Our data are in agreement
with clinical reports (Jaup, 1981) that pirenzepine
produced fewer ocular side effects than conventional
antimuscarinics.

"The authors are indebted to Dr Carmelo Scarpignato, of

Pharmacology Department, Parma University, for his help-
ful suggestions.



References

BOWMAN, W.C. & RAND, M.J. (1980). Textbook of Phar-
macology, Chap. 29, pp. 13-15. Oxford: Blackwell.
CHO, AK., HASLETT, W.L. & JENDEN, D.J. (1962). The
peripheral actions of oxotremorine, a metabolite of

tremorine. J. Pharmac. exp. Ther., 138,249-257.

DALY, M.J.,, HUMPHRAY, J.M. & STABLES, R. (1982). Ef-
fect of Ha-receptor antagonists and anticholinergic
drugs on gastric acid and salivary secretion induced by
bethanechol in the anaesthetized dog. Br. J. Pharmac.,
76,361-365.

DEL SOLDATO, P., PAGANLF.,BRAMBILLA, A.,,BUAROT-
TI L. & GHIORZI, A. (1982a). Pharmacodynamic evalu-
ation of selective antimuscarinic properties of piren-
zepine in the rat. Pharmac. Res. Commun., 14,
279-287.

DEL SOLDATO, P., VARIN, L., FOSCHI, D. & TOTI, G.L.
(1982b). Gastric cytoprotection by pirenzepine: review
and commentary on past and present studies. In Ad-
vances in Gastroenterology with the Selective Antimus-
carinic Compound, Pirenzepine, ed. Dotevall, G.,
pp- 124-131. Amsterdam: Excerpta Medica.

HAMMER, R., BERRIE, C.P., BIRDSALL, M.J.M., BURGER,
A.S.V. & HULME, E.C. (1980). Pirenzepine distinguishes
between different subclasses of muscarinic receptors.
Nature, 283, 90-92.

HIRSCHOWITZ, B.1, FONG, J. & MOLINA, E. (1983). Ef-
fects of pirenzepine and atropine on vagal and choliner-
gic gastric secretion and gastrin release and on heart rate
in the dog. J. Pharmac. exp. Ther., 225,263-268.

SHORT COMMUNICATION 307

JAUP, B.H. (1981). Studies on the mode of action of piren-
zepine in man, with special reference to its anticholiner-
gic muscarinic properties. Scand. J. Gastroent., 16,
Suppl. 68, 1-26.

MAGRANE, W.G. (1974). Canine Ophthalmology, p.185.
Philadelphia: Lea & Febiger.

MAIN, LHM. & PEARCE, J.B. (1981). pA2 determination of
muscarinic and Ha-receptor antagonists on gastric acid
secretion in vitro. Br. J. Pharmac., 74, 969-970P.

PERRY, M. & HEATHCOTE, B.V. (1982). A comparison of
the effects of pirenzepine and atropine on gastric acid
secretion, salivary secretion and pupil diameter in the
rat. Life Sciences, 31, 1465-1471.

ROVATI, V., FOSCHI, D.,FERRANTE,F.,DEL SOLDATO,P.,
VARIN, L. & DANIOTTI, S. (1982). Cytoprotection by
PGE2, atropine, pirenzepine, and vagotomy in rats.
Scand. J. Gastroent., 17, Suppl. 72, 261-264.

SAUNDERS, L. & FLEMING, R. (1971). Mathematics and
Statistics for Use on the Biological and Pharmaceutical
Sciences, pp.204-206. London: William Clowes &
Sons.

SZELENY], 1. (1982). Does pirenzepine distinguish between
‘subtypes’ of muscarinic receptors? Br. J. Pharmac., 77,
567-569.

WEINER, M. (1980). Atropine, scopolamine and related
antimuscarinic drugs. In The Pharmacological Basis of
Therapeutics, ed. Goodman Gilman, A., Goodman,L.S.
& Gilman, A. p. 129. New York: Macmillan.

(Received December 1, 1983.)



