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Abstract :  Since a high incidence of pancreatic ductal carcinomas can be obtained
within only 10 weeks by repeated "augmentation pressure” treatment in a rapid production
model for hamsters, chemically initiated cell populations are believed to have proliferative
advantage. Based on this hypothesis, I studied the 5-bromo-deoxyuridine (BrdU) labeling
index (LD, as an indicator of cell proliferation during “augmentation pressure”. I also
studied the effects of several non-pancreatic carcinogens on cell proliferation in this
experimental system to screen their possible contribution to pancreatic carcinogenesis. The
results were as follows :

1) In control groups without initiation, LI of pancreatic ductal cells increased slightly
during augmentation pressure, with a peak being observed 16 days after the study com-
mencement.
2) Among pancreatic ductal carcinogens in hamsters, carcinogenic doses of both N-
nitrosobis (2-oxopropyDamine or N-nitrosobis(2-hydroxypropyl)-amine clearly amplified
the increase of LI in main pancreatic duct cells. However, N-methyl-N-nitrosourea,
administered below a carcinogenic dose, had no effect.
3) Both azaserine and 4-hydroxyaminoguinoline, pancreatic acinar cell carcinogens, also
amplified the increase of LI in main duct cells.
4) Among non-pancreatic carcinogens, diethylnitrosamine, dimethylnitrosamine, and 3-
amino-l, 4-dimethyl-5 H-pyrido(4, 3-b)indole amplified the increase of LI in main duct
cells, while N-methyl-N-nitroso-N’-nitrosoguanidine and benzo(a)pyrene had no effect.
These results suggest that initiated cell populations selectively proliferate during “aug-
mentation pressure” and that quantification of cell proliferation under this experimental
system is a useful marker to detect pancreatic ductal carcinogens within a short period.
Also our data show possible risk of several carcinogens regarding pancreatic ductal
neoplasia through increasing proliferation of target cell populations.
(REEFE. J. Nara Med. Ass. 50, 74~86, 1999)
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Fig. 1. Experimental protocol

Table 1. Information for carcinogenicity of compounds or vehicles used in this study

Experiment Compounds Dose Route Information about carcinogenicity
& group No. or vehicles (mg/kg)
I 1 Saline 5ml/kg Subcutaneously  No carcinogenicity
2 BOP 20 Subcutaneously ~ Pancreatic ductal carcinogen in hamstergs4-1%
3 BOP 70 Subcutaneously ~ Pancreatic ductal carcinogen in hamsters®!¢-15)
4 DEN 50 Intra-peritoneally Liver and upper-respiratory carcinogen in hamsters'®
(2 mg/animal/week X 7 months, intra-peritoneally)
5 Azaserine 120 Intra-peritoneally Pancreatic acinar cell carcinogen in rats!”
(25 mg/kg X twice/week X 6 weeks)
I 1 Corn oil 5ml/kg Intra-gastrically No carcinogenicity
2 BOP 70 Subcutaneously Pancreatic cuctal carcinogen in hamsters®4-15)
3 BHP 500 Subcutaneously ~ Pancreatic ductal carcinogen in hamsters'®—!9
(500 mg/kg/week X 5 weeks, subcutaneously)
4 MNU 20 Intra-peritoneally Pancreatic ductal carcinogen in hamsters®”
(50 mg/kg X1 or 10 mg/kg X5, intra-peritoneally)
5 4-HAQO 5 Intra-venously Pancreatic acinar cell carcinogen in rats?'-2?
(7 mg/kg, intra-venously)
6 DMN 20 Intra-gastrically  Liver carcinogen in hamsters?®
(cholangiocarcinoma and hemaogiosarcoma were induced, 2
mg, intra-gastrically)
Oral LDsj in rats =40 mg/kg®
7 MNNG 100 Intra-gastrically ~ Gastric carcinogen in rats* (150250 mg/kg, intra-gastrically)
Induction of sarcoma was reported in hamsters?®
(150-200 mg/kg, intra-gastrically)
8 B(a)P 200 Intra-gastrically  Respiratory carcinogen in hamsters?®
9 Trp-P-1 100 Intra-gastrically  Liver carcinogen in rats and mice?”

Oral LDgp 1n namsters = 200-380 mg/kg“’
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Table 2. BrdU labeling index of main pancreatic duct cells in female hamsters treated with test chemicals
followed by augmentation pressure (experiment-I)

Car(iiiné)gens Labeling index" and amimal number® of each groups

and dose
(mg/kg) 12 days® 14 days 15 days 16 days 18 days 20 days 23 days

Saline 0.04i0.03*£3) 0.51£0.65 (3) 0.11 (2) 3.00 (2) 0.39%0.20 (3) 0.51 (2) 0.41+0.25 (4)

BOP(20) 0.29+0.08 (3) 0.80 (2) 6.14 (2) 7.81 (2) 0.57%0.45 (3) 0.44 (1) 0.85%0.56 (3)
BOP(70) 0.50i0.10* (3) 1.76%0.94 (3) 9.42+1.63 (3) 12.62  (2) 0.54%+0.42 (3) 0.29 (2) 0.92 (2)
DEN(G0) 0.1540.01 (3) 0.47+0.35 (3) 1.75 (2) 5.49+2.63 (3) 2.63+1.30 (3) 1.28 (2) 1.33%+1.06 (4)

Azaserine(120)  0.87  (2) 0.78  (2) 12.82  (2) 10.94  (2) 1.11 (2) 0.15 (2 0.90 (1)

1) Labeling index was expressed as % and mean=+S. D. was given in the table.
When animal number in each group was less than 3 or all individual showed same value, S. D. was not given.
2) Animal number of each group was given in a parenthesis.
3) Days after commencement (Days after initiation)
* 1 p<0.05 and ** I p<0.01 vs saline group.

Table 3. BrdU labeling index of small pancreatic duct cells in female hamsters treated with test chemicals
followed by augmentation pressure (experiment-1)

Carcdiné)gens Labeling index" and amimal number® of each groups

and dose
(mg/kg) 12days® 14 days 15 days 16 days 18 days 20 days 23 days

Saline  0.10%0.10 (3) 0.00 (3) 0.00 (2) 3.89 (2) 0.31%0.37 (3) 0.28 (2) 0.15+0.21 (4)

BOP(20) 0.13%0.12 (3) 0.00 (2) 0.50 (2) 1.93 (2) 1.08%0.46 (3) 1.07 (1) 1.29%£0.49 (3)
BOP(70) 0.80+0.37 (3) 0.00 (3 0.04=%0.07 (3) 7.55  (2) 0.4110.21* (3) 0.62 (2) 1.20 (2
DEN(0) 0.184+0.20 (3) 0.04=+0.07 (3) 0.08  (2) 1.1440.44 (3) 1.76+0.67 (3) 1.27  (2) 0.85+0.42 (4)

Azaserine(120) 1.36 (2) 0.47 (2) 2.18 (2) 3.40 (2) 1.38 (2) 0.18 (2) 1.14 (1)

1) Labeling index was expressed as % and mean=+S. D. was given in the table.
When animal number in each group was less than 3 or all individual showed same value, S. D. was not given.
2) Animal number of each group was given in a parenthesis.
3) Days after commencement (Days after initiation)
* 1 p<0.05 and ** : p<0.01 vs saline group.

Table 4. BrdU labeling index of acinar cells in female hamsters treated with test chemicals followed by
augmentation pressure (experiment-I)

Carcdiné)gens Labeling index” and amimal number® of each groups

and dose
(mg/kg) 12 days® 14 days 15 days 16 days 18 days 20 days 23 days

Saline  0.08+0.07 (3) 0.23+0.12 (3) 0.39 (2) 1.71 (2) 4.19%0.97 (3) 4.09 (2) 0.37%0.18 (4)

BOP(20) 0.11£0.19 (3) 0.17 (2) 0.59 (2) 2.09 (2) 3.15%+1.41 (3) 1.62 (1) 0.69+0.33 (3)
BOP(70) 0.15%+0.17 (3) 0.15%+0.17 (3) 0.18+0.13 (3) 2.02 (2) 4.68+1.38 (3) 2.40 (2 2.08 HEZ)
DEN(0) 0.45+0.22 (3) 0.48+0.12 (3) 0.74 (2) 1.92+1.44 (3) 4.90+1.37 (3) 3.56 (2) 1.87%0.29 (4)

Azaserine(120) 0.58 (2) 1.02 (2) 1.94 (2) 2.74 (2) 4.23 (2) 2.7 (2) 1.31 (1)

1) Labeling index was expressed as % and mean=S. D. was given in the table.
When animal number in each group was less than 3 or all individual showed same value, S. D. was not given.
2) Animal number of each group was given in a parenthesis.
3) Days after commencement (Days after initiation)
* 1 p<0.05 and ** : p<0.01 vs saline group.
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Fig. 2. BrdU labeling index of pancreatic ductal cells and acinar cells in female hamsters
treated with test chemicals followed by augmentation pressure (Experiment-1)
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Table 5. BrdU labeling index of main pancreatic duct cells in female hamsters treated with test
chemicals followed by augmentation pressure (experiment-II)

Car%iné)gens Labeling index® and amimal number? of each groups
?r?lg /1?3 14 days® 15 days 16 days 18 days 20 days
Corn oil 0.0640.11 (3) 0.30%0.38 (3) 2.87+0.42 (3) 1.45+0.82 (3) 1.63+1.25 (3)
BOP(70) 1.47£1.90 (3) 6.25+2.88* (3) 12.91+0.75**(3) 6.49+2.78* (3) 3.92 (2)
BHP(500) 0.03+0.04 (3) 0.16+0.21 (3) 9.06+3.69* (3) 1.48+0.60 (3) 0.9940.78 (4)
MNU20) 0.1240.14 (3) 0.06%+0.05 (3) 2.29+1.00 (3) 0.59+0.39 (3) 0.95+0.78 (4)
4-HAQOG) 0.25+0.16 (3) 1.69+1.21 (3) 4.66+0.89* (3) 2.17£0.75 (3) 1.964+0.71 (3)
DMN (20) 0.45+0.42 (3) 1.77+0.83* (3) 10.362.02* (3) 1.61+0.37 (3) 1.2440.74 (4)
MNNG100) 0.04 (2) 0.401+0.23 (3) 3.81 () 1.12 (2) 3.00 (2)
B@P200) 0.08+0.02 (3) 1.23+1.96 (3) 8.74+6.48 (3) 1.72+1.44 (3) 0.92+0.66 (4)
Trp-P-1(100) 0.17+0.30 (3) ND# 14.134+3.33* (3) 3.83+2.89 (3) ND

1) Labeling index was expressed as % and mean+S. D. was given in the table.
‘When animal number in each group was less than 3, S. D. was not given.

2) Animal number of each group was given in a parenthesis.

3) Days after commencement (Days after initiation)

4) Not done

* . p<0.05 and ** : p<0.01 vs corn oil group.

Table 6. BrdU labeling index of small pancreatic duct cells in female hamsters treated with test
chemicals followed by augmentation pressure (experiment-II)

Carcinogens Labeling index® and amimal number® of each groups
and dose
(mg/kg) 14 days® 15 days 16 days 18 days 20 days
Corn oil 0.25+0.30 (3) 0.1740.30 (3) 0.33£0.12 (3) 0.46+0.31 (3) 0.49+0.16 (3)
BOP(70) 0.66+0.64 (3) 0.27+0.24 (3) 2.36+1.37 (3) 6.124+0.79**(3) 3.14 (2)
BHP(500) 0.13+0.23 (3) 0.314+0.02 (3) 1.1940.86 (3) 0.33+0.30 (3) 1.004+0.24* (4)
MNU0) 0.00 (3) 0.284+0.21 (3) 0.48+0.25 (3) 0.57+0.17 (3) 1.444+0.84 (4)
4-HAQOG) 0.00 (3) 0.05+0.08 (3) 0.71£0.33 (3) 0.63+0.45 (3) 0.35+0.31 (3)
DMN (20) 0.00 3) 0.06+0.10 (3) 1.3040.14*%(3) 1.08+0.63 (3) 0.69+0.64 (4)
MNNG100) 0.20 (2) 0.10£0.09 (3) 0.82 () 1.03 (2) 1.77 (2)
B(a)P(200) 0.15+0.06 (3) 0.05%+0.08 (3) 0.86+0.10**(3) 0.71£0.39 (3) 0.73+£0.34 (4)
Trp-P-1(100) 0.37+0.20 (3) ND* 1.71+0.89 (3) 1.04+0.18**(3) ND

1) Labeling index was expressed as % and mean+S. D. was given in the table.
When animal number in each group was less than 3 or individual data shows the same value, S. D. was not given.
2) Animal number of each group was given in a parenthesis.
3) Days after commencement (Days after initiation)
4) Not done
* 1 p<0.05 and ** : p<0.01 vs corn oil group.
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Table 7. BrdU labeling index of acinar cells in female hamsters treated with test chemicals
followed by augmentation pressure (experiment-ID)

Carcéné)gens Labeling index® and amimal number? of each groups
z(lrr;lg /1?5 14 days® 15 days 16 days 18 days 20 days
Corn oil 0.80%+0.14 (3) 0.19+0.20 (3 0.66+0.36 (3) 3.894+0.70 (3) 1.36+0.30 (3)
BOP(70) 0.25+0.43 (3) 0.12+0.20 (3) 0.85+0.86 (3) 4.58+1.52 (3) 0.60 (2)
BHP(500) 0.4540.23 (3) 0.17£0.16 (3) 2.45+2.10 (3) 5.224+0.90 (3) 1.40+0.71 (4)
MNUQ0) 0.26+0.30* (3) 0.50+0.33 (3) 1.40+0.82 (3) 4.45+1.44 (3) 2.11+1.07 (4)
4-HAQOG) 0.1540.16**(3) 0.06+0.10 (3) 1.07£0.25 (3) 5.96+2.01 (3) 3.56+£0.99* (3)
DMN(20) 0.00 (3) 0.11£0.09 (3 0.49+0.19 (3) 3.25+1.70 (3) 0.74+0.41 (4)
MNNG(100) 1.73 (2) 0.05%+0.09 (3) 1.13 (2) 3.53 (2) 3.09 (2)
B)P(200) 1.04+0.62 (3) 0.28+0.13 (3) 0.69+0.68 (3) 3.45+1.48 (3) 1.18+£1.53 (4)
Trp-P-1(100) 0.58+0.34 (3) ND# 0.974+0.37 (3) 5.80+0.92* (3) ND

1) Labeling index was expressed as % and mean=+S. D. was given in the table.
When animal number in each group was less than 3 or individual data shows the same value, S. D. was not given.
2) Animal number of each group was given in a parenthesis.

3) Days after commencement (Days after initiation)

4) Not done
* 1 p<0.05 and ** : p<0.01 vs corn oil group.
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Fig. 4. Histological figures (X50) of the pancreas immunohistochemically-stained with anti
-BrdU antibody. All hamsters were received test chemicals followed by augmentation
pressure.
A-C : BrdU labeling in main pancreatic duct cells 16 days after begining of the
experiment. D-F : BrdU labeling in small pancreatic duct cells 17 days after begining
of the experiment. A and D : Corn oil treated control group. B and E : BOP (70 mg
/kg, s. c.) treated group. C and F : Trip-P-1 (100 mg/kg, i. g)treated group
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