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Hyperplasia of the exocrine pancreas after small
bowel resection in the rat*
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SUMMARY The effect of a 90% small bowel resection on the exocrine pancreas was investigated
over a three month period in adult Wistar rats. Control animals underwent a sham-resection con-
sisting of a transection and reanastomosis of the small intestine. After jejunoileal resection, the wet
weight of the gland increased significantly (52%) from the 15th day. The parallel increase in total
protein, DNA and RNA content without any modification in the ratios of pancreatic weight,
protein, and RNA to DNA suggests that there is cellular hyperplasia but not hypertrophy. Small
intestinal resection decreased significantly the amount of amylase when expressed per unit pan-
creatic weight; it reduced slightly but not significantly that of chymotrypsin, while it did not modify
the amount of lipase. However, the total amount of these enzymes in the pancreas remained
unaltered when compared with controls. It is concluded that a massive resection of the small bowel
induces cellular hyperplasia in the rat exocrine pancreas; this could compensate the reduced level
of enzymes in acinar cells.

After extensive small bowel resection, in man and
animals, numerous changes occur in the remaining
alimentary tract which help the organism adapt to
the shortened intestine. There is mucosal hyper-
plasia with an increased number of epithelial cells
per unit length of villus and an accelerated rate of
epithelial cell renewal.'-5 There is also proliferation
of parietal cells in the gastric glands.6 This latter
effect has been generally ascribed to an increased
level of gastrin in the plasma.7 8 Exogenous gastrin
and pentagastrin have been recognised to exert a
trophic action upon the exocrine pancreas9-"1 but do
not affect the small bowel distal to the duodenum.'2
Thus hypergastrinaemia induced by intestinal re-
section could alter the size and composition of the
exocrine pancreas. Therefore it was of great interest
to investigate the structural and biochemical changes
of the rat pancreas over a three month period after
a 90% excision of the small intestine.

Methods

One hundred and two male Wistar rats, weighing
290± 5 g, were randomly divided into two groups.
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The first group (54 rats) served as sham-resected
control animals and the second group (48 rats)
underwent a 90% resection of the small bowel.

OPERATIVE PROCEDURE
After a 12 hour fast, a 90% jejunoileal resection was
performed under ether anaesthesia. The peritoneal
cavity was entered through a midline incision and
the intestinal tract, from the ligament of Treitz to
the ileocaecal junction, was exteriorised. The length
of the combined jejunum and ileum, measured
using slight tension, was nearly 100 cm. Subse-
quently, 90% of the small intestine was removed
beginning 5 cm distal to the ligament of Treitz. The
remaining intestine was anastomosed by end-to-end
enteroenterostomy using eight separate sutures of
6-0 silk. Sham-resections consisted of transection
and reanastomosis of the small intestine either 5 cm
below the ligament of Treitz or 5 cm from the
ileocaecal junction. After surgery, the animals were
weighed, then allowed tap water and fed a standard
rat chow-diet ad libitum (UAR, ref. A 03, Ville-
moisson-sur-Orge, France). After a 12 hour fast, the
animals of both groups were weighed and killed at
two weekly intervals from 15 days to three months.
At each period, the sham- and resected group con-
sisted respectively of nine and eight animals. Food
intake was measured at two day intervals before and
after surgery.
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TISSUE SAMPLING AND WEIGHING
PROCEDURES
The whole pancreas was rapidly removed from the
rat, briefly washed in NaCl 0.9 %, and trimmed free
of adherent fat and lymph nodes. After weighing of
the gland, small samples were removed for electron
microscopy while the remainder was homogenised
at 4°C in distilled water in order to determine its
protein content, DNA, RNA, and enzyme activities.

BIOCHEMICAL STUDIES
The activity of amylase was measured with 3,5-
dinitro-salicylic acid, using starch as substrate
according to Danielsson.'3
The activities of lipase and chymotrypsin were

measured titrimetrically using respectively an
emulsion of olive oil14 and acetyltyrosine-ethyl-
ester'5 as substrate.

Protein concentrations were determined according
to the method of Lowry et al.'8 with bovine albumin
as a standard. DNA and RNA were extracted as
described by Schneider.17 DNA was determined by
the diphenylamine method using calf thymus DNA
as a standard.'8 RNA was determined by the orcinol
method using yeast RNA as a standard.19

HISTOLOGY AND ELECTRON MICROSCOPY
Samples of pancreatic tissue were fixed at 4°C in
2% glutaraldehyde buffered with 0.2 M sodium
cacodylate, pH 7.4, and postfixed in 1 % osmium
tetroxide in the same buffer. They were then
dehydrated in a graded sequence of alcohols and
embedded in Araldite. Sections 0.5 ,u thick were
stained with toluidine blue for light microscopy.
Ultrathin sections were stained with uranyl acetate
and lead citrate, then examined with a Philips
EM 300 electron microscope.

STATISTICAL ANALYSIS
For each parameter, the mean and standard error
of the mean were calculated; for group comparisons,
Student's unpaired t test was applied.

Results

FOOD INTAKE, BODY AND PANCREATIC
WEIGHT
As shown in Fig. 1, rats subjected to a 90% small
bowel resection rapidly lost 8% of their initial
weight and maintained this reduced level for six
weeks. From this period the animals gained weight
progressively and reached control values between
eight and 12 weeks.
Food intake, measured at two day intervals,

before and after surgery, showed no difference
between sham- and resected animals. However,

during the 48 hours after surgery, the mean caloric
intake diminished by 48% when compared with
preoperative values; then it increased progressively
and attained preoperative values from the sixth
postoperative day.

Fig. 2 illustrates the evolution of the wet weight of
the pancreas over the 12 week postoperative period.
In sham-resected animals, it was approximately
682.5±18.3 mg over the whole period. A 90%
resection of the small intestine enhanced signifi-
cantly (p <0 001) this parameter to an average value
of 1008.9 33.3 mg. However this increase was more
pronounced between two and six weeks (520,) than
between eight and 12 weeks (43 %).

PROTEIN, DNA AND RNA CONTENT
OF THE GLAND
As illustrated in Fig. 3, the total protein, DNA and
RNA content of the pancreas increased after small
bowel resection; the most marked increase was yet
observed during the early postoperative period until
six weeks.
As the amount of protein expressed per unit

weight of tissue (Fig. 3) was the same in sham- and
resected animals, it is suggested that the increased
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Fig. 1 Body weight over a 12 week period after
intestinal- or sham-resection. Results are means ±SEM
of nine animals after sham-resection (open bars) and
eight animals after small bowel resection (hatched bars).
*P< 0-05. **p< 0-01.
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Fig. 2 Pancreatic wet weight over a 12 week period
after intestinal- or sham-resection. Results are means
±SEM of nine animals after sham-resection (open bars)
and eight animals after small bowel resection (hatched
bars). *P< 0.05. **p< 0.01. ***p< 0.001.
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Fig. 3 Amount ofprotein, DNA, and RNA in the
pancreas after sham- or intestinal resection. Results are
means ±SEM of nine animals after sham-resection (open
bars) and eight animals after small bowel resection
(hatched bars). Results are expressed per 100 mg of
tissue or per total pancreas. *p< 0.05. **P< 0.01.
***P< 0-001.
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pancreatic weight after intestinal resection was not
due to gain in water content.
The rise in total DNA content of the gland can be

explained (1) by a greater number of cells in the
gland, (2) by the appearance of polyploid cells, and
(3) by the occurence of numerous mitoses in the
gland. This latter hypothesis seems unlikely, as

mitotic figures were observed only at the 15 day

period after intestinal resection and were few in
number. The second hypothesis is not confirmed by
our biochemical data, as the amount of DNA
expressed per 100 mg of pancreatic tissue (Fig. 3)
or per mg of protein (data not shown) was quite
similar in both groups over the 12 week experimental
period. Thus it appears that the increased pancreatic
weight after small bowel resection reflects cellular
hyperplasia. The ratios of RNA, protein and pan-
creatic weight to DNA are generally considered as
indices of cellular hypertrophy; these ratios did not
differ significantly in either the sham- or the resected
group of animals; it is therefore suggested that
cellular hyperplasia was not associated with cellular
hypertrophy in the resected group of animals.

ENZYME ACTIVITY OF PANCREACTIC TISSUE
As shown in Fig. 4, the mean enzyme levels in the
pancreatic tissue, when expressed per 100 mg of
tissue, were generally reduced after intestinal
resection. There is a marked reduction of amylase
content which was sustained and occurred earliest,
while that of chymotrypsin was weak and not
significant. The content of lipase, though varying
somewhat over the 12 week period in sham- resected
animals, was never affected by small bowel excision.
However, as the size of the pancreases in resected
animals increased, the mean total content of the
three enzymes studied was approximately the same
as that of the control animals.

PANCREATIC HISTOLOGY AND
ULTRA STRUCTURE
In toluidine-blue stained semi-thin sections, exocrine
pancreatic tissue as well as islets of Langerhans
were normal both in animals subjected to a sham-
and a small bowel resection. In electron microscopy,
the distribution of zymogen granules in acinar cells
varied considerably from one resected animal to
another and even from one block of tissue of the
same animal to another. However, in most cases, the
number of zymogen granules was slightly reduced,
while in a few others the gland was completely
depleted of secretory granules. In these latter cases
lipid droplets often accumulate in the basal part of
the acinar cell cytoplasm. Mitotic figures have been
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Fig. 4 Amount of amylase, chymotrypsin, and lipase in

the pancreas after sham- or intestinal resection. Results

are means SEM of nine animals after sham-resection

(open bars) and eight animals after small bowel

resection (hatched bars). Results are expressed per

100 mg of tissue or per total pancreas. *p< 0 0S.

**p <00001.

Observed in acinar cells after small bowel resection,

while they were absent in controls. Mitoses were

never present in cells other than acinar cells and

were seen only during the early postoperative period,

until 15 days. Thus it is suggested that cellular hyper-

plasia, defined by biochemical methods, developed

early after surgery and principally from acinar cells.

Discussion

The present study clearly indicates that a massive
resection of the small bowel induces a marked
increase of the pancreatic weight in rats. The striking
parallel increase in total protein suggests that pan-
creatic growth could not be due to gain in water
content. The rise of total DNA content indicates
that there is cellular hyperplasia. According to our
ultrastructural observations, hyperplasia develops
from acinar cells. Indeed, mitotic figures have been
described in these cells but not in ductular, centro-
acinar cells, or islets of Langerhans. Mitosis has only
been observed at period 15 days. At this period, the
rise of DNA in the gland is most pronounced; thus
it seems likely that the factor responsible for cell
division occurs immediately after operation.

It is well accepted that pancreatic composition and
size are closely regulated by dietary factors. Starva-
tion rapidly depresses pancreatic growth and
protein, enzyme and RNA synthesis.20 Feeding
maintains pancreatic size and composition,21 but at
present it is conceded that gastrointestinal hormones
released by feeding may be involved.22 In the present
investigation, the mean caloric intake was quite
similar after sham- or intestinal resection. Thus it is
suggested that the adaptive growth of the pancreas
after small bowel resection is due to qualitative or
quantitative alterations of any 'pancreatropic'
hormone released. It has been recognised, largely as
a result of pharmacological studies, that several
gastrointestinal hormones stimulate pancreatic
growth. Cholecystokinin-pancreozymin (CCK-PZ)
a hormone liberated after food intake, has been
shown to produce cellular hypertrophy and hyper-
plasia in the rat pancreas.23-25 Caerulein, an amphi-
bian skin decapeptide which is structurally and func-
tionally related to CCK-PZ, has the same effect.26
Gastrin, which shares a common C-terminal penta-
peptide with both former hormones, initiates also
growth response in the pancreas.1027 28 Secretin,
another hormone which regulates the secretory
function in the exocrine pancreas, has trophic effects
on the gland,26 but this was not proven by others.24
Among all these hormones, only the level of gastrin
has been shown to be increased in the plasma of
dogs submitted to a 75% small bowel resection.7
According to Mayston and Barrowman,10 gastrin
also decreases the specific activities of enzymes in the
rat pancreas, particularly that of amylase, and this
corresponds well to the present findings. Thus it is
suggested that gastrin may be implicated in pan-
creatic hyperplasia after a massive small bowel
resection in the rat. This hypothesis remains, how-
ever, to be confirmed elsewhere.
As the aetiological factor of pancreatic growth
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adaptation is still unknown, its physiological conse-
quences may be discussed. It is well recognised that
intestinal adaptation after small bowel resection may
be influenced by a variety of factors including intra-
luminal nutrition and the presence of normal chyme,
nervous factors, hormonal as well as local stimu-
lators.5 Biliary and pancreatic secretions have also
been shown to stimulate growth in ileal mucosa,2930
even after jejunal resection.31 Thus, it must be
accepted that pancreatic enzyme composition is well
preserved after intestinal resection. Our present data
agree well with this assumption. Indeed, specific
activities of enzymes, especially of amylase, were
reduced in the gland after small bowel resection,
while the total enzyme content was unaltered. Thus
acinar cell hyperplasia compensated for the decreased
level of enzymes in each cell.

In conclusion, the present investigation indicates
for the first time that a massive small bowel resection
provokes hyperplasia not only in the stomach and
the remaining intestine, but also in the exocrine
pancreas.

We are grateful to Misses C Arnold and A Crovisier,
and Mr A Hoeltzel for their careful technical
assistance.
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