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The modification effects of nimesulide, a cyclooxygenase
(COX)-2 inhibitor, administration during the postinitiation
phase of pancreatic carcinogenesis were investigated in ham-
sters treated with N-nitrosobis(2-oxopropyl)amine (BOP).
Male Syrian hamsters were given 4 weekly s.c. injections of
BOP at a dose of 10 mg/kg and thereafter administered 0,
100 or 400 ppm nimesulide in the diet for 36 weeks. Addi-
tional groups of hamsters were fed 400 ppm nimesulide with-
out prior BOP initiation or nontreated. At week 40, all sur-
viving animals were killed and development of neoplastic and
preneoplastic lesions was assessed histopathologically. The
incidence of pancreatic adenocarcinomas was significantly
(p < 0.05) decreased in the BOP/400 ppm nimesulide group
compared to the BOP alone group. The multiplicity of total
lesions of pancreatic adenocarcinoma plus atypical hyperpla-
sia was also significantly (p < 0.05) lowered. Immunohisto-
chemically, COX-2 was clearly expressed in pancreatic and
lung tumor cells, whereas expression was not remarkably
affected by the 400 ppm nimesulide treatment. Proliferating
cell nuclear antigen labeling indices of pancreatic ducts were
significantly (p < 0.01) reduced by nimesulide. The incidence
and multiplicity of neoplastic lesions in other organs did not
significantly differ among the BOP-treated groups, though
only the multiplicity of lung tumors showed a tendency to
decrease. No neoplastic lesions were detected in animals
receiving nimesulide alone. Our results clearly indicate that
nimesulide protects against BOP-induced pancreatic tumors
in hamsters.
© 2003 Wiley-Liss, Inc.
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Pancreatic cancer is one of the cancers steadily increasing in
incidence in Japan, with 5-year survival rates being �25%.1,2

Although a number of approaches have been used to treat pancre-
atic cancers, median survival after diagnosis is only 19 months.2
Likewise, development of pancreatic cancers is clinically so silent
in general that at the time of diagnosis the vast majority of cases
have been incurable with a very poor prognosis. Therefore, effec-
tive new approaches against this aggressive disease are urgently
required.

Cyclooxygenase (COX) is an important enzyme involved in the
arachidonate cascade, and 2 isoforms, COX-1 and COX-2, have
been identified.3,4 COX-1 is constitutively expressed and associ-
ated with the production of prostaglandins regulating vascular
homeostasis, physiologic functions of the stomach and reabsorp-
tion of sodium and water in the kidney.3,4 However, COX-2 is
induced in association with inflammation and in a variety of cell
proliferative conditions.3,4 COX-2 has been closely associated
with carcinogenesis, especially the growth and progression of a
number of human cancers, including those in the colon,5 stomach,6
liver,7 lung8 and pancreas.9,10 In addition, selective COX-2 inhib-
itors prevent growth of cancer cells.4 It is now clear that COX-2 is
an inducible immediate early gene,11 involved not only in inflam-
mation and cell proliferation11 but also in differentiation,12 apo-
ptosis,13 metastasis,14 immunologic surveillance15 and angiogene-
sis.16

Nimesulide, a preferential COX-2 inhibitor of nonsteroidal an-
tiinflammatory drugs (NSAIDs),17 inhibits chemically induced co-
lon,18,19 mammary,20 tongue21 and urinary bladder22 carcinogene-
sis in rats. However, it is still important to examine the modifying
effects of nimesulide on pancreatic carcinogenesis because the
postinitiation and promotion stages are supposed to be organ-
specific. Previously, we also reported that NSAIDs such as indo-
methacin and phenylbutazone can reduce the development of
pancreatic cancer when administered during the postinitiation
phase in the hamster N-nitrosobis(2-oxopropyl)amine (BOP) mod-
el,23 strongly supporting the present study with nimesulide.

BOP induces pancreatic, lung, liver and kidney tumors in ham-
sters.24 This model is considered to have particular advantage for
assessing modification effects of chemicals on pancreatic carcino-
genicity because of the histologic and biologic similarities of the
induced lesions to those observed in humans.24 The present exper-
iment was performed to elucidate the effects of nimesulide during
the postinitiation phase in the BOP-induced carcinogenesis ham-
ster model.

MATERIAL AND METHODS

Animals and chemicals
A total of 110 male Syrian hamsters (Japan SLC, Shizuoka,

Japan), 5 weeks old and weighing about 70 g, were used in this
experiment. Animals were housed 5/polycarbonate cage in an
air-conditioned room at 23 � 2°C and 60 � 5% humidity under a
daily 12 hr light/dark cycle. A standard basal diet (Oriental MF;
Oriental Yeast, Tokyo, Japan) and tap water were available ad
libitum. BOP was obtained from Nacalai Tesque (Kyoto, Japan),
and nimesulide was kindly provided by Helsinn Healthcare (Paza-
llo-Lugano, Switzerland).

Experimental protocol
As shown in Figure 1, groups 1–3, each consisting of 30

hamsters, were given BOP s.c. once a week for 4 weeks at a dose
of 10 mg/kg body weight. During this postinitiation treatment,
animals were continuously fed diet supplemented with 0 ppm

Grant sponsor: Japan Health Sciences Foundation; Grant number: HS-
52260; Grant sponsor: Ministry of Health, Labor and Welfare (Japan);
Grant sponsor: 2nd Term Comprehensive 10-Year Strategy for Cancer
Control (Japan).

*Correspondence to: Division of Pathology, National Institute of Health
Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan.
Fax: �81-3-3700-1425. E-mail: nishikaw@nihs.go.jp

Received 4 November 2002; Revised 11 November 2002; Accepted 20
November 2002

DOI 10.1002/ijc.10965

Int. J. Cancer: 104, 269–273 (2003)
© 2003 Wiley-Liss, Inc.

Publication of the International Union Against Cancer



(group 1), 100 ppm (group 2) or 400 ppm (group 3) nimesulide for
36 weeks. Doses were selected on the basis of previous experi-
mental results for mice or rats.19,20,22 Groups 4 and 5, consisting of
10 animals each, were fed a diet supplemented with nimesulide
400 or 0 ppm, respectively, without prior initiation. Hamsters were
observed daily and weighed once every 4 weeks. Food consump-
tion was measured weekly. At the end of week 40, all surviving
animals were killed and examined histopathologically. Moribund
or dead animals were also completely autopsied for histologic
examination.

Histologic examination
At autopsy, the pancreas, stomach, lung, liver and kidney were

carefully examined macroscopically, removed and fixed in 10%
phosphate-buffered formalin. Before fixation, the latter 3 organs
were weighed. As routinely processed, paraffin-embedded tissue
sections, 3 �m thick, were stained with hematoxylin and eosin. To
detect pancreatic proliferative lesions, 4 parts of the pancreas
(splenic, duodenal and gastric lobes and head portion) were seri-
ally sectioned according to our routine method.23,25–27 Neoplastic
and preneoplastic lesions were histopathologically diagnosed as
adenocarcinomas and atypical hyperplasias and counted in repre-
sentative sections, as usually performed in our laboratory.23,25–27

For COX-2 immunohistochemistry, the primary COX-2 poly-
clonal antibody (Cayman Chemical, Ann Arbor, MI) was used at
a 1:100 dilution together with the Vectastain Elite ABC kit (Vec-
tor, Burlingame, CA) according to the modified method previously
reported.28 To examine mechanistic insights, cell proliferation was
assayed by immunohistochemistry of proliferating cell nuclear
antigen (PCNA),29 and single-cell necrosis was assessed histolog-
ically. For visualization of immunohistochemical binding, diami-
nobenzidine was used.

Statistical evaluation
Quantitative results were statistically evaluated by ANOVA and

Fisher’s exact probability test.

RESULTS

Mean daily and total intakes of nimesulide were clearly related
to the dietary dose levels (Table I). Survival rates and mean
survival times in the BOP-treated groups (groups 1–3) were 63.3%
and 253 days, 76.7% and 271 days and 83.3% and 269 days,
respectively (Table I), showing that survival rates and mean sur-
vival times were somewhat greater in the nimesulide-treated
groups than in the BOP alone group. Because the first moribund
hamster in the BOP alone group (group 1) had pancreatic tumor at
week 25 of the experiment, every animal was included in the
effective number. Final body and relative organ weights were not
significantly different among groups 1–3 (Table II).

Preneoplastic pancreatic lesions occurred in the splenic and
gastric lobes and head portion without any clear skewing in lobe
distribution by treatment (data not shown) and were histopatho-
logically diagnosed as atypical hyperplasias, consisting of prolif-
eration of atypical ductules accompanied by inflammatory cell
infiltration, predominantly lymphocytic in character.23,25–27 Pan-
creatic adenocarcinomas were well to moderately differentiated,
showing distinct glandular patterns with severely atypical colum-
nar or cuboidal epithelia.23,25–27 Incidence and multiplicity data for
histopathologically diagnosed pancreatic lesions observed in each
group of hamsters are summarized in Table III. The incidence of
pancreatic adenocarcinomas was significantly (p � 0.05) lower in
group 3 than in group 1. Based on the incidence data for adeno-
carcinomas, 70% and 40% in groups 1 and 3, respectively, the

FIGURE 1 – Experimental design.

TABLE I – DATA FOR SURVIVAL, FOOD CONSUMPTION AND INTAKE OF NIMESULIDE

Group Survival rate
(%)

Mean
survival
(days)

Daily intake
(g/hamster)

Total intake
(g/hamster)

1. BOP 19/30 (63) 253 � 421 0 0
2. BOP/100 ppm nimesulide 23/30 (77) 271 � 18* 0.07 18.2
3. BOP/400 ppm nimesulide 25/30 (83) 269 � 26 0.27 70.2
4. 400 ppm nimesulide 10/10 (100) 280 � 00 0.28 72.1
5. Control 9/10 (90) 262 � 56 0 0
1Mean � SD.–*p � 0.05 compared to group 1.
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inhibition rate by 400 ppm nimesulide was calculated to be 43%.
The incidence of pancreatic atypical hyperplasias also showed a
tendency to decrease in groups 2 and 3 compared to group 1,
though this was not statistically significant. The multiplicity of
pancreatic adenocarcinomas or total lesions of adenocarcinomas
plus atypical hyperplasias was significantly (p � 0.05) lower in
group 3 than in group 1.

Immunohistochemically, intact pancreatic islets and inflamma-
tory cells showed appreciable amounts of COX-2. Therefore, only
tissue sections in which islets were positively stained were selected
for evaluation. COX-2 was clearly expressed in the cytoplasm of
pancreatic adenocarcinoma cells and atypical hyperplastic cells, no
binding being evident in epithelial cells of intact pancreatic ducts
or acini. In comparison to the staining intensity for islet cells,
atypical hyperplastic and adenocarcinoma cells were positive for
COX-2 similarly to or more strongly than islets, expression of
which was comparable between groups 1 and 3 (Table IV). To
assure immunohistochemical stainability, the same tissue sections
as those positive for COX-2 in the islets were evaluated for PCNA
labeling. PCNA labeling indices of pancreatic adenocarcinomas
were significantly (p � 0.01) reduced by nimesulide (Table IV),
though those of atypical hyperplasias showed only a tendency to
decrease. Single-cell necrosis or apoptosis in pancreatic adenocar-
cinomas and atypical hyperplasias was not clearly affected (data
not shown).

As summarized in Table V, neoplastic lesions were also ob-
served in the lungs, liver and kidneys of hamsters receiving BOP.
However, the incidence and multiplicity of these tumors were not
significantly influenced by the nimesulide treatment, though lung
tumors showed a tendency to decrease. Immunohistochemically,
COX-2 was clearly expressed in lung adenocarcinomas and ade-
nomas in a lesion severity-dependent manner but not in liver and
kidney tumors, though again nimesulide treatment did not affect
COX-2 expression in lung tumor cells (data not shown). No
neoplastic lesions were noted in groups 4 and 5. There was no
macroscopic evidence of bleeding or defects on the stomach mu-
cosa in any group.

DISCUSSION

Our results provide strong evidence of the chemopreventive
effects of nimesulide administration during the postinitiation phase
of pancreatic carcinogenesis in hamsters treated with BOP, which
is in good agreement with recent epidemiologic data.30 Under the
applied experimental conditions, nimesulide did not cause any

adverse effects, such as body or organ weight changes or tumor-
promotion activity, in any organ. Our previous studies indicated
that the NSAIDs indomethacin and phenylbutazone could also
suppress pancreatic carcinogenesis of hamsters treated with BOP
without any adverse effects.23 Because the inhibition rates by
indomethacin and phenylbutazone for pancreatic adenocarcinomas
were, respectively, 48% and 26%, the value at 43% for nimesulide
found in the present study showed as efficacious protection as
indomethacin.

Enhancement of COX-2 expression in human tumor cells has
been reported for various cancers, including those arising in the
colon,5 stomach,6 liver,7 lung8 and pancreatic duct,9,10 thus sug-
gesting that upregulation of this enzyme might be a common
characteristic of epithelial neoplasms. In the present study, COX-2
was clearly expressed in hamster pancreatic adenocarcinomas.
Inhibition of tumors by NSAIDs is considered to involve the
common property of COX suppression and the resultant reduction
in levels of prostaglandins in tissues,19 though prostaglandin levels
were not analyzed in the present study. Evidence has suggested
that COX-2 may be the prime target of NSAIDs for their chemo-
preventive effects. However, COX-2 inhibitors, including nimesu-
lide, suppress the catalytic activity, but not the expression level, of
COX-2 in vitro and in vivo.16,31 Likewise, chemopreventive activ-
ity on carcinogenesis in a variety of organs has been reported for
a number of other selective COX-2 inhibitors. For example, 3-(3,4-
difluorophenyl)-4-(4-(methylsulfonyl)phenyl)-2-(5H)-furanone
(MF tricyclic) reduced the number and size of intestinal polyps in
APC�716 knockout mice,32 and celecoxib suppressed azoxymeth-
ane-induced colon carcinogenesis in rats.33 In terms of the mech-
anisms underlying the chemopreventive effects of nimesulide,
inhibition of cell proliferation in the target cells was observed in
the present study, as reported for the colon.34

In the present study, COX-2 expression was also demonstrable
in intact pancreatic islets and pancreatic hepatocytes but not in
epithelial cells of the duct or acinus. COX-2 expression in the islets
is in line with reports on human islets,9,35 so islet cells may serve
well as inner controls for COX-2 expression. Experiments using
COX-2 inhibitors may allow a better understanding of the possible
role of COX-2 in pancreatic islet physiology and the pathogenesis
of diabetes mellitus because prostaglandin E2 negatively regulates
pancreatic islet function, i.e., glucose-induced insulin secretion.9

Fukutake et al.19 reported that nimesulide exerts a suppressive
effect on azoxymethane-induced colon carcinogenesis in ICR mice
without significant influence on liver and lung tumor development,
which is in line with our data in the present study. Organ speci-

TABLE II – FINAL BODY AND RELATIVE ORGAN WEIGHTS

Group Number of
animals

Final body
weight (g)

Lung (g%)
Liver (g%)

Kidney (g%)

Right Left Right Left

1. BOP 19 180.6 � 19.81 0.43 � 0.08 0.24 � 0.09 6.10 � 0.68 0.60 � 1.01 0.35 � 0.07
2. BOP/100 ppm nimesulide 23 178.8 � 13.9 0.39 � 0.05 0.24 � 0.15 5.70 � 0.72 0.37 � 0.03 0.38 � 0.04
3. BOP/400 ppm nimesulide 25 181.4 � 13.7 0.44 � 0.09 0.23 � 0.05 5.97 � 0.74 0.34 � 0.02 0.36 � 0.03
4. 400 ppm nimesulide 10 194.7 � 17.3 0.39 � 0.10 0.20 � 0.04 5.54 � 0.20 0.36 � 0.05 0.38 � 0.04
5. Control 9 196.8 � 8.8 0.35 � 0.05 0.18 � 0.02 5.07 � 0.37 0.34 � 0.02 0.35 � 0.02
1Mean � SD

TABLE III – INCIDENCE AND MULTIPLICITY DATA FOR PANCREATIC ADENOCARCINOMAS AND ATYPICAL HYPERPLASIAS

Group
Effective

number of
animals

Number of animals with (%) Number of tumors/animal (mean � SD)

ADC1 AH Total ADC AH Total

1. BOP 30 21 (70) 17 (57) 26 (87) 0.93 � 0.79 0.87 � 1.04 1.80 � 1.35
2. BOP/100 ppm

nimesulide
30 22 (73) 11 (37) 23 (77) 1.00 � 0.83 0.43 � 0.63 1.43 � 1.04

3. BOP/400 ppm
nimesulide

30 12 (40)* 12 (40) 20 (67) 0.57 � 0.77* 0.47 � 0.63 1.03 � 1.03*

1ADC, adenocarcinoma; AH, atypical hyperplasia.–*p�0.05 compared to group 1.
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ficity of NSAIDs was also encountered in a rat multiorgan carci-
nogenesis model, in which the chemopreventive effect of indo-
methacin was investigated,36 lung carcinogenesis being inhibited
but not hepatocarcinogenesis. The mechanisms underlying such

variation in COX-2 inhibitor influence at the organ level remain to
be clarified. In conclusion, in the present study, nimesulide proved
remarkably efficacious at inhibiting pancreatic tumorigenesis in
hamsters treated with BOP when given in the postinitiation phase.
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