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ABSTRACT

The effects of Cholecystectomy and/or lithocholic acid (LCA) on the
composition of biliary bile acid and on pancreatic carcinogenesis by ;V-
nitrosobis(2-hydroxypropyl)amine (BHP) were examined in male Syrian
golden hamsters. Cholecystectomy was performed 1 wk before BHP
initiation. BHP (250 mg/kg of body weight) was injected s.c. once a wk
for 5 wk. A diet containing 0.5% LCA was begun 1 wk after the final
BHP injection. All hamsters were sacrificed 36 wk after Cholecystectomy,
and the pancreas was examined histologically. Only the LCA treatment
but no other treatment influenced the bile acid composition, i.e., the
increase in LCA and decrease in cholic acid. The incidence of pancreatic
carcinoma was 23 of 30 (76.7%) in hamsters receiving Cholecystectomy
plus BHP followed by LCA diet. The tumor incidence was five of 18
(27.8%) with BHP followed by basal diet, ten of 18 (55.6%) with
Cholecystectomy plus BHP followed by basal diet, and six of 18 (33.3%)
with BHP followed by LCA diet, respectively. The total number of
pancreatic carcinomas in hamsters receiving Cholecystectomy and BHP
followed by LCA diet also increased significantly. These results indicate
that combined treatments of Cholecystectomy and dietary LCA enhanced
BHP-inducing pancreatic carcinogenesis in hamsters.

INTRODUCTION

The incidence of human pancreatic cancer is increasing with
poor prognosis (1-3). Epidemiological investigations have sug
gested that there may be an increased risk of developing pan
creatic cancer with biliary tract disease and/or Cholecystectomy
(4-7). Cholecystectomy reduces the pools of primary bile salt
and increases that of the secondary bile salts in bile (8, 9). In
turn, it has been shown that secondary bile acid enhances tumor
formation in the colon (10, 11), liver ( 12,13), and stomach ( 14,
15) in experimental animals. In the present study, we examined
the combined effects of Cholecystectomy and LCA,3 one of the

secondary bile acids, on BHP pancreatic carcinogenesis in
hamsters. Pancreatic cancer induced by BHP and its related
compounds is histologically similar to human ductal adenocar-

cinoma (16, 17).

MATERIALS AND METHODS

Animals and Treatments. A total of 180 male Syrian golden hamsters
(Nippon Institute for Biological Science, Tokyo, Japan), 5 to 6 wk old,
weighing approximately 90 g each, was used. The hamsters were housed
5 per plastic cage in an air-conditioned room at 23Â°Cand 60% humidity

under a daily cycle of alternating 12-h periods of light and darkness
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and fed a commercial powder basal diet. Oriental MF (Oriental Yeast
Co., Ltd., Tokyo, Japan) or a diet containing 0.5% LCA which was
prepared by mixing LCA (Sigma Chemical Co., St. Louis, MO) with
the basal diet. The dose of LCA chosen for this study was determined
after a subacute toxicity test for 10 wk in hamsters according to the
doses of previous reports (12, 18, 19). Food and water were given ad
libitum. BHP was purchased from Nakarai Chemicals, Ltd., Kyoto,
Japan. It was dissolved in 0.9% NaCl solution (saline) and injected s.c.
at a dose of 250 mg/kg of body weight once a wk for 5 wk. Cholecys
tectomy was performed by the method of Werner et al. (20) under ether
anesthesia 1 wk before the initial BHP injection. The animals were
weighed weekly, and food consumption was measured once a wk. The
hamsters were sacrificed under ether anesthesia 36 wk after the begin
ning of the experiment.

Experimental Groups. Experimental design is shown in Fig. 1.
Groups 1 and 2 (control) received saline or Cholecystectomy plus saline,
followed by the basal diet. Groups 3 and 4 received saline or Cholecys
tectomy plus saline, followed by the LCA diet. Groups 5 and 6 received
BHP or Cholecystectomy plus BHP, respectively, followed by the basal
diet. Groups 7 and 8 received BHP or Cholecystectomy plus BHP,
followed by the LCA diet. Initial and effective numbers of hamsters are
shown in Table 1.

Analysis of Bile Acid. Bile samples were collected from the nontreated
and cholecystectomized hamsters 20 days after Cholecystectomy and
from the hamsters at the end of experiment before sacrifice. Hamsters
were anesthetized with an i.p. injection of urethane (1.25 mg/kg of
body weight). Bile was collected from a small polyethylene catheter (PE
10; Clay Adams Co., Parsippany, NJ) in the common bile duct for 1 h.
Collected samples were stored at â€”20Â°Cuntil use. Composition of bile

acid was analyzed according to the method described previously (21,
22). Briefly, bile acid was extracted from the bile samples with 20
volumes of ethanol after adding internal standard, nordeoxycholic acid
(Steraloids, Inc., Wilton, NH). After evaporating ethanol, enzymatic
hydrolysis, ethyl ester derivatization of bile acid and dimethylethylsilyl
ether derivatization of bile acid ethyl ester were carried out, and the
derivatives were analyzed with gas-liquid chromatography. Gas-liquid
chromatography was carried out using Shimadzu 6 AM (Shimadzu
Co., Kyoto, Japan) equipped with Van den Berg's solvent loss injector,

WCOT column, 25 m x 0.35-mm inner diameter, coated with SE-30
(LKB-Produktor, Stockholm, Sweden) and a flame ionization detector.
The column temperature was 275"C. the injection port temperature,
305Â°C,and the flow rate of helium carrier gas, 2 ml/min. Each bile

acid was quantified by calculating the peak area ratio to the internal
standard.

Histopathological Studies. At autopsy, a careful macroscopic obser
vation was made on the pancreas. The pancreas was removed and
weighed. The three splenic, gastric, and duodenal lobes of the pancreas
were dissected out along with the common pancreatic duct and fixed in
10% buffered formalin, embedded in paraffin, sectioned, and stained
with hematoxylin-eosin. The data were statistically analyzed by the
methods of the x2 test and Student t test.

RESULTS

Tumor Incidence and Histopathology. Experimental details
are shown in Table 1. The final body weights of hamsters from
Groups 3, 7, and 8 were less than those of hamsters from Group
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Fig. 3. Tubular adenocarcinoma in the pancreas of a hamster from Group 8.
H&E, x 16.

Fig. 4. Papillary adenocarcinoma in the pancreas of a hamster from Group 8.
H & E, x 8.
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Fig. 5. Carcinoma in situ showing the characteristic cribriform pattern of
epithelial proliferation and mitotic figures in the pancreas of a hamster from
Group 8. H & E, x 33.

head tumors was 0 in Group 5, 3 in Group 6, 2 in Group 7,
and 4 in Group 8, respectively, which included papillary ade
nocarcinoma that probably originated from the common duct
(one in Group 6, 2 in Group 7, and one in Group 8).

Induced pancreatic carcinomas were histologically classified
into tubular and papillary adenocarcinomas and carcinoma in
situ. Moderately or well-differentiated tubular adenocarcinomas
(Fig. 3) were frequently seen in Groups 5, 6, and 8. Papillary
adenocarcinoma was well differentiated and accompanied by
partial cystic change (Fig. 4). Carcinoma in situ developed in
large branches of the main pancreatic duct. It was well charac
terized by a cribriform pattern of proliferated duct epithelial
cells with apparent foci of cell necrosis and mitosis (Fig. 5) as
previously described by Pour et al. (23) and Scarpelli et al. (24).
Atypical hyperplasia developed in the small and medium-sized
ducts and consisted of frond-like proliferation of epithelium
extending into the duct lumen (Fig. 6). Adenomas were char
acterized by cystic changes without nuclear irregularity or in
vasion into surrounding tissue.

Bile Acid Composition. The composition of bile acids 20 days
after cholecystectomy is shown in Table 3. The relative com
position of secondary bile acids, especially LCA, was signifi
cantly increased, and that of CA, one of the primary bile acids,
was significantly decreased. The concentration of total bile acids
in each group was almost the same. The composition of bile
acids at the end of the experiment is shown in Table 4. There
was no difference between Group 1 and Group 2 in relative
composition of bile acids even though cholecystectomy altered
the relative composition of bile acids 20 days after cholecystec
tomy. Groups 3, 4, 7, and 8 were fed the LCA diet and showed
an altered bile acid composition when compared with Group 1.
The composition of LCA and CDCA was increased where that
of DCA and CA was decreased. In comparison with Group 5,
the composition of LCA and CDCA was increased, and that of
CA decreased in Groups 7 and 8.

DISCUSSION

The above results demonstrate that cholecystectomy plus
dietary LCA enhances BHP-induced pancreatic carcinogenesis
in hamsters. A working hypothesis based on epidemiolÃ³gica!
and pathological studies suggests that bile might contain car
cinogens originating from tobacco, occupational environment,
and possibly diet and cause cancer on reflux into the pancreatic
duct (7, 25). However, the induction of pancreatic tumors by
BMP and its related compounds is hematogenous and inde
pendent of the reflux of bile containing carcinogen into the
pancreatic duct (26-29). It has been reported that cholecystec
tomy alters the composition of bile entering the duodenal lumen
by increasing the concentration of secondary bile acids in hu
mans (8, 9). As shown in the present experiment, the LCA
concentration was increased in the bile of hamsters 20 days
after cholecystectomy, and this variance had disappeared at the
end of the experiment. However, at this end point, LCA con
centration was increased in the hamsters that received the diet
containing LCA. It has also been reported that cholecystectomy
results in not only acinar cell proliferation but also epithelial
proliferation of the pancreatic duct by 2 wk after the operation,
giving rise to hyperplasia of the duct, and elevation of the
plasma level of cholecystokinin by 2 wk in hamsters (30, 31).
It is well recognized that proliferation of the target cells is
required for the initiation of carcinogenesis by chemicals (32).
Although the target cell of BHP has still been controversial
(23, 33), in the present experiment, BHP injections were started
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