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The incidence of pancreatic cancer is increased in patients who have undergone gastric
An animal model is described in which pancreatic hyperplasia and adenoma formation
developed within 56 weeks. The effects of a simple gastrojejunostomy were compared with those
after a split gastrojejunostomy, in which the jejunum was transected and the two limbs implanted
separately into the greater curvature of the glandular stomach 1 cm apart. After 56 weeks no animals
in the simple gastrojejunostomy group had pancreatic hyperplasia whereas all 10 animals in the split
gastrojejunostomy group had generalised pancreatic hyperplasia with macroscopic nodules.
Microscopy of the nodules showed that in nine animals hyperplastic nodules had developed, and four
of these also had adenomatous nodules. The remaining animal had enlarged lymph nodes.
Pancreatic hyperplasia was associated with jejunal hyperplasia. Jejunal morphometry showed that
the villus height was doubled and the villus height:crypt depth ratio was higher in the split
gastrojejunostomy group compared with those animals with a simple gastrojejunostomy. This
finding represents a new model for the investigation of pancreatic neoplastic change.
SUMMARY

surgery.

Recent epidemiological studies have shown an
increased incidence of pancreatic cancer in patients
who have undergone gastric surgery.' Until now,
however, there has been no experimental model with
which to study this association.
A major interest in our unit has been the investigation of gastric carcinoma using an animal model
which does not require the presence of carcinogens.
Langhans first described the induction of gastric
adenocarcinomas by duodenogastric reflux in the rat
without the use of carcinogens. We confirmed these
findings,4 and undertook further experiments to
study the sequence of carcinogenesis. In order to
determine the site of maximal histological change in
the stomach, the two limbs of the gastrojejunostomy
were divided and anastomosed separately to the
stomach.
This operation of 'split' gastrojejunostomy was
associated with pancreatic hyperplasia and nodule
.
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formation. These findings were fortuitous and significant because carcinogens were not used.
Methods
AN I MA LS

Male Wistar rats weighing 200-250 g were randomised
into two groups to undergo either a simple (conventional) gastrojejunostomy (n= 13) or a split gastrojejunostomy (n= 10).
All operations were performed at the same time of
day to minimise any variations related to circadian
rhythms. Anaesthesia was induced with 4% halothane in oxygen, and maintained by 1-5-2%
halothane in oxygen. Laparotomy was performed
through an upper midline abdominal incision.
A simple gastrojejunostomy was performed by
anastomosing a loop of jejunum, 4 cm distal to the
ligament of Treitz, to the body of the stomach. To do
this, a 7 mm gastrotomy was made 2 mm distal to the
II)S. (Gus's Ilospital.
squamocolumnar junction along the anterior surface
of the greater curvature. The jejunum was incised
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Fig. 1 Con uentional antec.olic i.sopel-istalti .sitnple
gastrojejuno1sotonv.

along the antimesenteric border for 7 mm and an alllayer gastrojejunal anastomosis fashioned (Fig. 1).
In the split gastrojejunostomy group, the same
loop of jejunum as that used in the simple gastrojejunal anastomosis, was transected and the afferent
limb anastomosed to the glandular portion of the
stomach, again 2 mm distal to the squamocolumnar
function. The efferent limb was then anastomosed to
the greater curvature 1 cm distal to the afferent
anastomosis (Fig. 2). The gastrojejunal anastomoses
were sutured with continuous all layer 6/0 Ethibond.
At the end of the procedure, subcutaneous injections
of 0 15 M saline (10 ml) for hydration, and buprenor-
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phine (30 ig/l(O0g body weight) to minimise postoperative discomfort, were given.
The animals were fed with no 1 rat and mouse
maintenance diet (Scientific Diet Services, Stepfieid,
Essex), and were maintained tinder identical
laboratory conditions.
Based on the results of previous studies, we
anticipated that gastric carcinomas would develop
from 32 weeks onwards in increasing numbers. We
therefore killed the animals 56 weeks after the
original operation. The animals were anaesthetised
with 4% halothane in oxygen, and the stomach and
the pancreas removed etn bloc. The animals were theni
killed by exsanguination. The whole of the paincreas
was dissected free from adjacent tissue, and fixed in
formal saline for subsequent histological studies. Full
thickness jejunal segments ( 1-2 cm) were also taken
for morphometric analysis from the afferent limb, at
least 0-5 cm away from the anastomosis (to avoid scar
artifact). Seven serial sections, 3 sim thick, were cut
from each block of pancreatic tissue and stained with
either haematoxylin and eosin or a combined Elastic
Martius Scarlet Blue stain.' The presenice of nodules
was assessed according to published criteria." Hyperplastic nodules were arbitrarily defined as those
which have no associated capsule, while adenomatous nodules were those which had a circumscribed
fibrous capsule. Experiments with raw soy flour have
established a sequence of hyperplastic nodules,
adenomatous nodules and carcinomas occurring in
the rat pancreas."
The height of the villi and depth of the crypts in the
afferent jejunal limb were measured using a Leitz
Wetzlar stage graticule with viewing tube. The ratio
of villus height:crypt depth was calculated from these
measurements.
STATISTICAL ANAL YSIS

The statistical significance of differences in values
between the two groups was assessed by the Mann
Whitney U test.
Results
MACROSCOPIC FINDINGS

Fig. 2

Split gasii}ojejunositomt'. Tle jejunumn IiaS beeti

tran.sected and ilie two lirnm.s implanted into th estomac ivitli
separate anastomoises.

At 56 weeks, although all the animals looked healthy,
there was a significant difference in the body weights
between the two groups. The split gastrojejunostomy
group had a mean body weight of 495 g (SEM 23) and
the simple gastrojejunostomy group 643 g (29);
p<0-05). At autopsy, the most noticeable differencc
was the greatly dilated afferent jejunal limb which
was present in all the animals of the split gastrojejunostomy group (Fig. 3). This was associated in
every case with hyperplasia and nodule formation in
the pancreas (Fig. 4).
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In contrast, none of the animals in the simple
gastrojejunostomy group showed jejunal dilatation
and none showed evidence of hyperplasia or nodule
formation in the pancreas.
MICROSCOPIC FINDINGS

Pancreas

The results of the pancreatic microscopy are shown in
Table 1. In one of the rats from the split gastrojejunostomy group, the pancreatic nodules contained
only lymphoid tissue. In all nine remaining animals,
however, hyperplastic nodules were present in the
pancreas and in four, there were, in addition, adenomatous nodules. In the cells from the nodules, there
was a definite increase in nuclear and nucleolar size
with a much more open chromatin pattern than in
cells from the adjacent pancreas. There was also
variability in nuclear size and shape within the
nodules and occasional binucleate cells were seen.
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Mitoses, although present, were not frequent. A
striking feature of all nodules was the amount of
apoptotic material present indicating increased cell
turnover. In addition, many nodules showed
increased cosinophilia of the zymogen granules. One
of the nine animals showed extensive subacute
pancreatitis, and, in another, the pancreas contained
an inflammatory infiltrate around the ncurovascular
bundles which did not involve the secretory portion
of the gland. None of the other animals showed any
evidence of pancreatic duct obstruction. No rats
showed evidence of in sitil or invasive carcinoma.

Jejiinlnm
The results of the histological studies in the jejunum
are shown in Table 2. The mean villus height was
increased by 104% in the split gastrojejunostomy
group compared with the simple gastrojejunostomy
animals. The ratio of villus height:crypt depth was
more than doubled in the split gastrojejunostomy
group.
Discussion
This paper describes a new model for the induction of
pancreatic hyperplasia in the rat. This was achieved
by separation of the limbs of a gastrojcjunostomy
using two independent anastomoses (split gastrojejunostomy). The development of pancreatic hyperplasia and adenoma formation was a fortuitous
observation made during experiments designed to
study the effect of duodenogastric reflux on the
stomach.
No comparable studies have been reported but two
other groups have separated the limbs of a gastrojejunostomy during experiments to study gastric
carcinogenesis. In both their reports, however,
carcinogens were used to induce malignant change,
and although the effects on the gastric mucosa were
Table 2 Microscopic jejunal mor-plomnetr i(
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described, there were no details of pancreatic
pathology.
In the present study, we have described the effects
of chronic duodenogastric reflux (DGR) on small
bowel and pancreatic pathology, 56 weeks after
operation. Although we used an appropriate surgical
control group, we did not study unoperated rats.
Given the fact that pancreas was normal in the
conventional gastrojejunostomy group, however,
and that there were striking differences in the
pancreatic morphology between the two operated
groups, the lack of an unoperated control group
seems unimportant.
The mechanism for the pancreatic changes in the
split gastrojejunostomy group is unknown. The
dilated afferent loop in these animals was associated
with pancreatic hyperplasia, but it is not certain that
these two findings are causally related. The duodenum
and upper jejunum are, however, the site of cholecystokinin (CCK) synthesis and release. Therefore
one possible explanation is that hyperplasia of the
duodenal and jejunal mucosa is associated with
hyperplasia of the CCK secreting cells at these sites.
If so, this might result in hypercholecystokininaemia
which, in turn, produces pancreatic hyperplasia.
The results of three studies support this hypothesis.
First, exogenous administration of CCK is known to
cause pancreatic hyperplasia." Second, raw soy bean
flour (a potent inhibitor of trypsin) stimulates
pancreatic growth in the rat"' and is associated with
hypercholecystokininaemia.' Third, the operation
of pancreaticobiliary diversion (PBD), in which the
jejunum is interposed isoperistaltically between the
pylorus and the ampulla of Vater, causes pancreatic
hyperplasia and adenomatous nodule formation over
15 months.'" This is associated with an increase of
cholecystokinin in the plasma.'I
If the hypothesis that pancreatic hyperplasia is
secondary to hyperplasia of the afferent and efferent
loops is correct, the mechanism for this small bowel
growth remains unknown. At first sight, the appearances of the afferent limb suggested obstruction and
stagnation with bacterial overgrowth in the blind
loop. Dissection of the loop and the anastomotic
sites, however, showed no evidence of obstruction.
Furthermore, studies of self-filling blind loops show
that obstruction causes type 2 changes in the small
bowel mucosa with hyperplastic crypts and stunted
villi indicating an injury and repair process. Our
results clearly show that this was not the pattern of
mucosal change in the afferent loop of the split
gastrojejunostomy group. Both the height of the villi
and the ratio of villus height:crypt depth indicate an
adaptive type 1 response. Other hormones such as
enteroglucagon, epidermal growth factor and gastrin
may be involved.
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There are at least two different conseqCiences on
upper gastrointestinal physiology after the operations
of simple gastrojejuniostomy and split gastrojejuLnostomy. First, the split gastrojejunostomy requires
complete transectioni of the jejunum which may
disrupt the normal neuromuscular propulsive activity
of the small bowel. Second, simple gastrojejunostomy
may cause only partial reflux of duodenal contents
into the stomach as some of the chyme may pass
along the small bowel without entering the stomach.
Conversely, duodenogastric reflux is obligatory in
the split gastrojejunostomy group because all the
duodenal contents must pass through the stomach.
Further experiments are being done to elucidate
firstly, the precise mechanism of production of these
pancreatic adenomas; secondly, the histological
sequence with time to study the relationship of
hyperplastic to adenomatouis nodules, and finally the
response of both the pancreatic and small bowel
changes to reversal of the split gastrojejunostomy.
This work has been carried out as part of the
requirement for the degree of M Chir of the
University of Cambridge.
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