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ABSTRACT

The effects of combined administration of propranolol and tetragastrin
on gastric acid secretion and the incidence and histolÃ³gica! types of
gastric adenocarcinomas induced by Ar-methyl-Ar'-nitro-Ar-nitrosoguani-

dine were investigated in inbred Wistar rats. Prolonged administration of
tetragastrin, 1 but not 0.2 mg/kg body weight in depot form after
treatment with /V-methylWV'-nitro-W-nitrosoguanidine significantly re

duced the incidence of adenocarcinoma of the glandular stomach. The
adenocarcinomas that did develop in rats treated with the higher dose of
tetragastrin had high mucin-producing activity and showed little or no
typical glandular structure. A combination of propranolol (2 mg/kg) and
tetragastrin (1 mg/kg) did not influence the inhibitory effect of gastrin on
gastric carcinogenesis. However, concomitant administration of propran
olol (2 mg/kg) and tetragastrin (0.2 mg/kg) caused a significant increase
in gastric acid secretion and a reduction in the incidence of gastric
carcinomas. With this treatment, the incidence of adenocarcinoma was
similar to that of treatment with tetragastrin (1 mg/kg). HistolÃ³gica!
examinations showed that like the cancers in control rats, the adenocar
cinomas induced in these rats were all highly differentiated.

INTRODUCTION

We previously have found that long-term treatment with
tetragastrin in depot form after MNNG3 treatment for 25 weeks

resulted in a reduced incidence of gastric adenocarcinomas in
the glandular stomach of Wistar rats (1-4). Histological ex
amination showed that unlike the highly differentiated adeno
carcinomas with a typical glandular structure that developed in
rats treated with MNNG only, the adenocarcinomas that de
veloped in rats after prolonged administration of tetragastrin
were of a less differentiated type (2-4). In general, undifferen-
tiated adenocarcinomas of the human stomach grow more
rapidly and form more distant mÃ©tastases(5). Therefore, the
method of suppression by tetragastrin of development of less
differentiated adenocarcinomas of the stomach should be estab
lished in trying to prevent gastric cancers in humans.

The exact mechanisms by which gastrin inhibits gastric car
cinogenesis and the histological types of gastric cancers that
develop during its administration are unknown. However, we
found that prolonged administration of tetragastrin in depot
form significantly increased gastric acid secretion in rats treated
with MNNG (1). Furthermore, both gastrin and histamine were
found to reduce the incidence of adenocarcinomas in the glan
dular stomach, although only tetragastrin influenced the his
tological types of adenocarcinomas. From studies on the effect
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of propranolol on gastric acid secretion in rats Canfield and
Price (6) reported that propranolol significantly increased the
gastric acid response to pentagastrin. Therefore, it seemed likely
that combined administration of propranolol and tetragastrin
would increase the inhibitory effect of tetragastrin on gastric
carcinogenesis without influencing the histological types of
adenocarcinomas induced. To test this idea, we examined the
effects of combined administration of propranolol and tetragas
trin in depot forms on the incidence, number, and histological
types of adenocarcinomas induced by MNNG in rats.

MATERIALS AND METHODS

Young male Wistar rats of about 6 weeks old, initially weighing 100
to 150 g, were given drinking water containing MNNG, 50 Mg/ml
(Aldrich Chemical Co., Milwaukee, WI) for 25 weeks. MNNG was
dissolved in deionized water at a concentration of 2 mg/ml and stored
in a cool dark place. The stock solution was diluted to 50 Mg/ml with
tap water just before use, renewed every other day, and supplied to rats
ad libitum from bottles covered with aluminum foil to prevent photol
ysis of MNNG. From Week 26, the rats were given tap water only and
divided randomly into 6 groups and treated as follows until the end of
the experiment. Groups 1 and 2 of 25 rats each were given tetragastrin
in depot form at 1 and 0.2 mg, respectively/kg body weight/day. Groups
3 and 4 were given tetragastrin at the same doses as Groups 1 and 2,
respectively, and 2 mg/kg body weight of propranolol/day in depot
form. Group 5 (20 rats) was given propranolol only in depot form at 2
mg/kg body weight, and Group 6 (25 rats) was given the vehicle olive
oil only.

Tetragastrin (Nissui Pharmaceutical Co., Tokyo, Japan) and pro
pranolol (Sigma Chemical Co., St. Louis, MO) were given as a suspen
sion in olive oil. Injections were given s.c. in various sites every other
day in a volume of 1 ml/kg body weight, between 2 and 3 p.m. each
day.

The experimental groups were kept in different cages in the same
room under otherwise identical conditions throughout the experiment
and had free access to tap water and regular chow pellets (Oriental
Yeast Co., Tokyo, Japan).

Animals that survived for more than 40 experimental weeks were
included in effective numbers, because the first tumor of the glandular
stomach was found in a rat in Group 6 that died in Week 40. Animals
were killed when they became moribund during or at the end of the
experiment in Week 52. The stomach was fixed with 10% neutralized
formalin solution for histological examination. Tissues were embedded
in paraffin, and serial sections of 5-fitn width were stained with hema-
toxylin and eosin. Sections were examined without any knowledge of
the group from which they were taken.

Histologically, adenocarcinomas were defined as lesions in which
neoplastic glands had penetrated the muscularis mucosae to involve the
submucosa or deeper layers. As previously reported (2), the adenocar
cinomas were classified into highly, well-, and poorly differentiated
adenocarcinomas. On the basis of their mucin-producing activity, well-
differentiated adenocarcinomas were also subdivided into common and
mucinous types, and poorly differentiated cancers were subdivided into
an anaplastic type and signet ring cell carcinomas.

A lesion in which the constituent cells of the gland stained hyper-
chromatically, the course and size of the glands were irregular, and the
nuclei were pleomorphic was called AGH when it was confined to the
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PROPRANOLOL ENHANCEMENT OF ANTICARCINOGENIC EFFECT OF GASTRIN

(1). Canfield and Price (6), McCloy et al. (17), Curwain et al.
(18), and Okabe et al. (19) found that propranolol significantly
increased gastric acid secretion in response to pentagastrin or
tetragastrin. In the present work, we found that s.c. administra
tion of propranolol significantly increased gastric acid secretion
in response to tetragastrin at both higher and lower doses, but
propranolol alone had little or no influence on gastric acid
secretion. The present results show that when administered
together, propranolol and tetragastrin at a lower concentration
had additive inhibitory effect on gastric carcinogenesis. How
ever, treatment of rats with propranolol and tetragastrin at a
higher dose did not result in an additive inhibitory effect on
gastric carcinogenesis. This finding does not prove that only
increased gastric acid secretion is related to reduction in the
incidence of gastric cancer since other pharmaceutical effects
besides increased stimulation of gastric acid secretion must be
considered.

Recently, the possible role of the nervous system in the
mechanisms of action of chemical carcinogens has been dis
cussed (20-23). Pharmacological compounds strengthening the
sympathetic action of the autonomie nervous system enhanced
carcinogenesis, whereas compounds enhancing the cholinergic
influence or exerting an antiadrenergic action inhibited carci
nogenesis (21). Since propranolol is a /3-adrenergicantagonist,
it seems likely that by concomitant administration with tetra
gastrin it enhanced the inhibitory effects of the latter on gastric
carcinogenesis.

The present results show that when administered together,
propranolol and tetragastrin had additive inhibitory effects on
gastric carcinogenesis. However, the basic question remains
unanswered: is the effect of propranolol and tetragastrin simply
a secondary one reflecting increased gastric acid secretion, or
is propranolol plus tetragastrin action more fundamental, re
flecting primary and postreceptor interaction with initiated
gastric epithelial cells? The exact mechanism of their additive
effects requires further investigation.
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