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Effect of chronic endogenous hypergastrinaemia
on pancreatic growth and carcinogenesis in the
hamster

M Chu, E Kullman, J F Rehfeld, K Borch

Abstract
Background-To examine the effect of
gastrin on spontaneous and induced pan-
creatic carcinogenesis in the hamster.
Methods and results-Two sets of experi-
ments were carried out, one involving
long term hypergastrinaemia and one
involving cancer induction during hyper-
gastrinaemia. The effect of hypergas-
trinaemia accomplished by gastric fun-
dectomy was studied for eight months.
Neither fundectomised hamsters nor sham
operated controls developed premalignant
or malignant pancreatic lesions. In the
fundectomy group, the mean pancreatic
weight, total protein content, and DNA
content was increased by 28%, 25%, and
25% respectively. No such increases were
found in fundectomised animals receiving
a cholecystokinin-B receptor antagonist
during the last 24 days of the experiment.
In the cancer induction study, the effect
of fundectomy on N-nitrosobis(2-oxo-
propyl)amine induced pancreatic car-
cinogenesis was studied for three months.
There were no significant differences in
the incidence or ['H]-thymidine labelling
index of focal pancreatic lesions between
fundectomised and sham operated control
animals.
Conclusions-Fundectomy with chronic
hypergastrinaemia induces pancreatic
hypertrophy, but does not enhance N-
nitrosobis(2-oxopropyl)amine induced
pancreatic carcinogenesis in the hamster.
The increases in growth were inhibited by
a cholecystokinin-B receptor antagonist,
indicating that the trophic effect of fun-
dectomy is mediated by gastrin.
(Gut 1997; 40: 536-540)

Keywords: carcinogenesis, CCK-B receptor
antagonist, gastric fundectomy, gastrin, hypertrophy,
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Gastrin, structurally related to cholecystokinin
(CCK) and with an identical bioactive
carboxyl terminal pentapeptide region, has
been studied in the regulation of growth
of the pancreas. Some studies reported that
exogenously administered gastrin-17 and pen-
tagastrin, as well as endogenous hypergas-
trinaemia accomplished by surgical pro-
cedures, stimulate growth of the exocrine
pancreas in mice, rats, and hamsters.'-12
Gastrin (CCK-B) receptors have been found in

guinea pig and dog pancreatic acini,''-5 calf
pancreas,'6 and normal human pancreas.'7 18 It
has also been shown in the human that gastrin-
17 augments pancreatic enzyme secretion at
doses that are below the maximum for gastric
acid secretion.'9 These findings indicate that
gastrin, at least under certain circumstances,
may stimulate growth and function of the
exocrine pancreas. However, studies in dif-
ferent rodents have shown that neither potent
acid secretion inhibition leading to hyper-
gastrinemia,2023 nor gastrin- 17 infusion in
rats,24 causes pancreatic hypertrophy. Besides
stimulating pancreatic growth, gastrin-17 and
pentagastrin also stimulate growth of a rat
pancreatic carcinoma cell line25 26 and several
human pancreatic cancer cell lines.27 In rats
and hamsters, resection of the oxyntic gland
area of the stomach (fundectomy) induces
endogenous hypergastrinaemia."1 23 28 As op-
posed to laborious and unphysiological exo-
genous gastrin administration or daily admin-
istration of drugs, fundectomy is useful for
investigating long term effects of endogenous
hypergastrinaemia. Recent studies with this
model in the rat showed that long term
fundectomy enhanced both spontaneous and
induced carcinogenesis in acinar cells of the
pancreas.12 29 Pancreatic cancer induced with
N-nitrosobis(2-oxopropyl)amine (BOP) in the
hamster is of ductal cell origin and thus
resembles the most frequent type of pancreatic
cancer in humans.30 The purpose ofthe present
study was to investigate the effect of gastric
fundectomy with chronic endogenous hy-
pergastrinaemia on spontaneous and BOP
induced pancreatic carcinogenesis in the
hamster. No such study has been reported,
although it is relevant, considering that epi-
demiological studies have shown that patients
with pernicious anaemia, as well as patients
who have undergone gastric resection, may run
an increased risk of developing cancer in
digestive organs other than the stomach,
including the pancreas.3'-34

Methods

ANIMALS
The study was approved by the local animal
welfare committee. Eighty two 10 week old
male Syrian golden hamsters (Bantin and
Kingman, N Humberside, UK) with a mean
body weight (SD) of 82 (7) g were used. The
animals were kept at 20°C, 50% humidity,
and a light/dark cycle of 12/12 hours. They had
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free access to standard hamster food pellets
(Lactamin, Vadstena, Sweden) and tap water.

LONG TERM HYPERGASTRINAEMIA STUDY
At 12 weeks of age, 34 hamsters were ran-
domised to be operated on with resection of the
oxyntic gland area of the stomach (fundec-
tomy). The vagal trunks were preserved, and
gastric continuity restored by anastomosis
between the antrum and the non-oxyntic
rumen of the proximal stomach.23 Ten animals
were sham operated with gastrotomy in the
oxyntic gland area (controls). Ketamine hydro-
chloride (Ketalar, Parke-Davis, Barcelona,
Spain) and xylazin chloride (Rompun, Bayer,
Malmo, Sweden) given intraperitoneally were
used for general anaesthesia. The animals were
fasted for 15 hours before the operation.
Postoperative fasting lasted 24 hours during
which the animals received two subcutaneous
injections of 6 ml 0 9% saline. Long term
postoperative mortality was 21% after fun-
dectomy and 0% after sham operation. Eight
months after the operation, all animals were
killed by exsanguination under general
anaesthesia and after fasting for 15 hours.
During 24 days before being killed, 10 of the
27 fundectomised animals were randomised
to receive the CCK-B receptor antagonist
L365,260 (kindly supplied by MSD, West
Point, PA, USA) in a dose of 50 ,ug/kg/hour in
70% dimethyl sulphoxide by osmotic mini-
pump (Alzet 2002, ALZA, Palo Alto, CA,
USA) deposited intraperitoneally. The remain-
ing 17 fundectomised and 10 sham operated
animals received vehicle by osmotic minipump.
The pumps were changed under general
anaesthesia after 12 days. This resulted in 10
fundectomised and L365,260 treated, 17 fun-
dectomised, and 10 sham operated hamsters for
further studies. When the animals were killed,
fasting blood samples were collected in EDTA
tubes from the inferior vena cava, centrifuged,
and stored at -70°C until analysed.

HYPERGASTRINAEMIA-NITROSAMINE STUDY

At 10 weeks of age, 38 hamsters received a
single injection of N-nitrosobis(2-oxopropyl)
amine (BOP; Ash Stevens, Detroit, MI, USA)
subcutaneously at a dose of 20 mg/kg body
weight. Two weeks after BOP treatment, these
animals were randomised to undergo either
fundectomy (n=23) or sham operation (n= 15).
Long term postoperative mortality was 17%
after fundectomy and 0% after sham operation.
Three months (12 weeks) after BOP treatment
(10 weeks after the operation), all animals were
killed by exsanguination under general anaes-
thesia. During five days before being killed,
eight of the 19 fundectomised animals were
randomised to receive L365,260 as described
above. The remaining 11 fundectomised and
15 sham operated animals received vehicle.
This resulted in eight fundectomised and
L365,260 treated, 11 fundectomised, and 15
sham operated hamsters for further studies.
One hour before being killed, each hamster
received [3H]-thymidine through the internal

jugular vein (specific activity 20-0 Cilmmol, Du
Pont Scandinavia AB, Stockholm, Sweden) at
a dose of 1 ,uCi/g body weight.

HISTOLOGICAL ANALYSIS AND

AUTORADIOGRAPHY

The pancreas and all other organs were
removed and examined macroscopically. The
pancreas was trimmed of adherent fat and
weighed and the splenic lobe was fixed in
4% buffered formalin for histological studies.
Tissue specimens were embedded in Tech-
novit 7100 plastic (Heraeus Kulzer GmbH,
Wehrheim, Germany), cut in 2 ,um thick
sections and stained with haematoxylin and
eosin. Pancreatic lesions, including carci-
noma and early putative preneoplastic lesions
(tubular ductal complex, cystic ductal com-
plex and intermediate ductal complex), were
searched for and classified according to pre-
viously described criteria.3937 The splenic lobe
was blindly screened for such lesions with a
point counting method, using a magnification
of x 100 and 100 ,um between the points. In
each animal, a total of 40000 points were
counted over consecutive visual fields across
the tissue sections. For autoradiographical
studies in BOP treated animals, 2 ,um thick
plastic embedded tissue sections from the
splenic lobe were coated with Kodak NTB2
emulsion (Eastman Kodak, Rochester, NY,
USA), developed after four weeks of incu-
bation in darkness at 4°C, and counterstained
with haematoxylin and eosin. The [3mH-thy-
midine labelling index ofpancreatic lesions was
determined blindly with a magnification of
x 1000. Five or more grains overlying a nucleus
were regarded as significant labelling. In each
animal, a total of 3500 labelled and non-
labelled nuclei were counted in consecutive
areas of the lesions. Labelling index was
expressed as percentage of labelled nuclei.

DNA AND PROTE1IN ANALYSIS

After removing the splenic lobe for histological
examination, the rest of the pancreas (gastric
and duodenal lobe and head) was weighed,
quick frozen, and stored at -70°C for DNA
and protein analysis. These were analysed
according to the methods described by Labarca
and Paigen38 and Lowry et a139 respectively.

PLASMA GASTRIN AND CHOLECYSTOKININ
ASSAY

The concentrations of gastrin in plasma were
measured by a specific radioimmunoassay, as
previously described.40 41 The concentrations
of CCK in plasma were measured by radio-
immunoassay using C-terminal directed anti-
serum without cross reactivity towards
gastrin.42 The assays have been described in
detail elsewhere.4344

STATISTICAL ANALYSIS

Results are expressed as mean (SEM). Two
tailed Student's t test and the Mann-Whimey
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Figure 1: Mean (SEM) of the fasting plasma gastnrn and cholecystokinin (CCK)
concentrations in groups ofsham operated (C) (n=6), fundectoniised (F) (n=6),
fundectomised and L365,260 treated (F+A) (n=6) hamsters eight months after th
operation.

Results

LONG TERIM HYPERGASTRINAEMIA STUDY

Figure 1 shows the fasting plasma concen-
trations of gastrin and CCK at the time of
death. Fundectomised animals had hypergas-
trinaemia, whereas basal plasma CCK concen-
trations did not differ significantly between the
groups. There were no significant differences

....... in body weight between the groups at the time
m........ of death (Table I). The mean pancreatic weight

was 28% higher in the fundectomy group than
in the sham operated group (Table I). The

>gS....... mean total pancreatic content of protein
and DNA was increased by 25% and 25%

f..Z>R respectively in the fundectomy group (Table I).
No such increases were found in fundec-

+ A tomised animals receiving L365,260 over a 24
day period. No focal pancreatic lesions were

or found on microscopical examination in fun-
ie dectomised and sham operated hamsters, and

no macroscopical changes were found in the
liver or other organs.

U test were used. Differences were considered
significant when p<O05 in both tests. Unless
otherwise mentioned, given values of p are
those derived from the Mann-Whitney U test.
Fisher's exact test was used to evaluate
differences in proportions.

FABLE I Mean (SEM) of the body weight (BW), pancreatic weight (PW), total
pancreatic protein, and total pancreatic DNA in groups ofsham operated (control),
fundectomised, andfundectomised plus L365,260 treated (fundectomy L365,260) hamsters
eight months after the operation

No of
Group animnals BW (g) PW (mg) Protein (mtg) DNVA (mig)

Control 10 113 (3) 335 (8) 37-5 (1-2) 2-4 (0-1)
Fundectomy 17 110 (3)' 428 (9)a 46-8 (1-6)a 3-0 (0-1)a
Fundectomy L365,260 10 112 (3)b 356 (14)b' 39.7 (1-9)b- 2-5 (01).

a: p<0001; b: non-significant v control group (Mann-Whitney U test).
c: p<0001; d: p<001; e: p<005 v fundectomy group (Mann-Whitney U test).

TABLE II Mean (SEM) of the body weight (BW), pancreatic weight (PW), total
pancreatic protein, and total pancreatic DNA in groups of sham operated (control),
fundectomised, andfundectomised plus L365,260 treated (fundectomy L365,260) hanmsters
12 weeks after a single injection of N-nitrosobis(2-oxopropyl)amine

.No of
Group atimals BW (g) PW (nig) Proteini (mg) DNA (mzg)

Control 15 101 (3) 327 (6) 36-6 (1-4) 2-3 (0-1)
Fundectomy 11 98 (3)d 435 (11)d 48-4 (2-2)a 3-0 (0O1)-
Fundectomy L365,260 8 99 (3)5 419 (1 1)aC 46-6 (2 4)b- 2 7 (O 1)

a: p<0 001, b: p<0 01;. c: p<005; d: non-significant z contol group (Mann-Whitnev U test).
e: non-significant v fundectomy group (Mann-Whitney U test).

TABLE III Incidence and [3H]-thymidine labelling index (LI) ofpancreatic lesions in
groups ofsham operated (control), fundectomised, andfundectomised plus L365,260
treated (fundectomy L365,260) hamsters 12 weeks after a single injectionz of
N-nitrosobis(2-oxopropyl) amine

No of animals with

Tubular Cystic Intermediate
1N\o of ductal ductal ductal

Group animals complex complex complex LI (Y.)

Control 15 5 5 5 0-9 (0-2)
Fundectomy 11 5a 5a 5a 1-4 (0-2)
Fundectomy L365,260 8 4a 4a 4a 1-1 (0-3)b,,

a: non-significant v control group (Fisher exact test).
b: non-significant v control group (Mann-Whitney U test).
c: non-significant zF fundectomy group (Mann-Whitnev U test)

HYPERGASTRINAEMIA-NITROSAMINE STUDY

No significant differences in body weight were

seen between the groups at the time of death
(Table II). The mean pancreatic weight was

increased by 33% in the fundectomy group
compared with the sham operated group. The
mean total pancreatic content of protein
and DNA was increased by 32% and 30%
respectively in the fundectomy group. Fundec-
tomised animals receiving L365,260 over a five
day period showed similar increases (Table II).
Putative preneoplastic pancreatic lesions, such
as tubular ductal complex, cystic ductal
complex, and intermediate ductal complex,
were diagnosed on microscopical examination
in nine (47%) of the 19 fundectomised ani-
mals, including those treated with L365,260,
and in five (33%) of the 15 sham operated
animals (Table III). Pancreatic carcinoma was

not found in any animal. There were no

significant differences in the [3H]-thymidine
labelling index of pancreatic lesions between
the groups (Table III, Fig 2). No macro-

scopical changes were found in the liver or
other organs.

Discussion
Fundectomy did not cause any significant
change in the basal plasma CCK concen-

trations, which could have been a source of
error. In agreement with previous studies in

hamsters" and rats,12 the present study showed
that fundectomy induces endogenous hyper-
gastrinaemia with exocrine pancreatic hyper-
plasia and hypertrophy which obviously persists
after eight months. The hypertrophy was

reversed by infusion of a CCK-B receptor
antagonist during 24 days, indicating that the
trophic effect of fundectomy on the pancreas
is mediated by gastrin. In the study involving
BOP, pancreatic growth was not significantly
reduced by infusion of the CCK-B receptor
antagonist over five days, indicating that more
than five days are needed to reverse gastrin

0
E

C

0
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Figure 2: Autoradiographed pancreatic section from afundectomised hamster three months
after a single dose ofN-nitrosobis(2-oxopropyl)amine. Epithelial cells with nuclear labelling
are present in the ductal complexes (originallyX200).

induced hypertrophy. Whether gastrin has a

trophic effect on the exocrine pancreas is a

matter of controversy. Among the studies
showing no pancreaticotrophic effect of gas-

20-24ustrin, one used fundectomy or antrum
exclusion to accomplish hypergastrinaemia.23
In that study, fundectomy over a 10 week

period in rats did not cause pancreatic

hypertrophy, whereas antrum exclusion did.
Studies on the long term effect of fundectomy
on the pancreas in hamsters have not

previously been reported. In rats, long term

fundectomy over 14 months caused an increase

in the mean pancreatic weight by 3 1O%/12 which
should be compared with 28% in the hamster
after eight months in the present study.
Furthermore, long term fundectomy in the
rat caused development of potentially pre-

malignant exocrine pancreatic lesions,'2 which

were not seen eight months after fundectomy
in the present study. Accordingly, it seems

that, unlike the rat, the hamster does not

develop premalignant pancreatic lesions on the
basis of endogenous hypergastrinaemia itself.
With regard to the effects of gastrin on

experimental pancreatic carcinogenesis, data
are very limited.29 45 Previous studies showed
that gastric fundectomy or split gastrojeju-
nostomy with hypergastrinaemia enhanced

azaserine induced pancreatic carcinogenesis in

the rat.29 45 In the present study, however,

fundectomy did not significantly influence the

incidence or labelling index of pancreatic

lesions, indicating that early preneoplastic

pancreatic lesions in the hamster are not

sensitive to endogenous gastrin. Considering
pancreatic cancer, gastrin-17 and pentagastrin
have been shown to stimulate the growth of a

rat carcinoma cell line25 26 and several human
cancer cell lines.27 Specific gastrin binding and

CCK-B receptors have also been found in a rat

pancreatic carcinoma,46 47 and human pan-
creatic cancer or cancer cell lines.'8 48 49 The
effect of gastrin on in vivo established pancreatic
cancer in the hamster, however, is still unknown
and needs to be further investigated.

We conclude that fundectomy with chronic
endogenous hypergastrinaemia induces per-
sistent pancreatic hypertrophy, but does not
enhance BOP induced early pancreatic car-
cinogenesis in hamsters. The increases in
growth were significantly reduced by adminis-
tering a CCK-B receptor antagonist, indicating
that the trophic effect of fundectomy is
mediated by gastrin acting through the CCK-B
receptor.
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