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Abstract :  Nicotinamide (NA) is synthesized from tryptophan and other amino acids
in human bodies, or supplmented foods as one of vitamins. In this study, the chemo-
preventive effects of NA on pancreatic duct carcinogenesis initiated with N -nitrosobis(2-
oxopropylamine (BOP) in Syrian hamsters were investigated. Female 5-week-old ham-
sters were given three weekly subcutaneous injections of BOP at a dose of 10 mg/kg body
weight followed by 0.5 % (Group 1) or 0.2 9% NA (Group 2) in drinking water for 49 weeks.
Additional groups received the BOP injection alone (Group 3), or 0.5 % (Group 4) or 0.2 %
NA (Group 5) in drinking water without BOP injections. Group 6 served as a non-treated
control. All animals were sacrificed at 52 weeks after the beginning of the experiment and
proliferative lesions in the pancreas were histopathologically assessed. All animals showed
no toxic signs including growth retardation. The incidences and multiplicities of dysplastic
lesions in the exocrine pancreas were significantly lower (p<0.05) in Groups 1 and 2 than
in Group 3, but NA did not affect the incidence and multiplicity of pancreatic adenocar-
cinomas. Morphometrically, the number and area of islets increased in hamsters given NA.
Pancreatic hepatocytes appeared in the pancreas of hamsters given BOP and NA but there
was no difference in the incidence of these cell populations. In other organs, the incidences
and multiplicity of hyperplasia in the lung were more significantly decreased (p<0.05) in
Group 1 than in Group 3, and there was statistically more significant increase (p<0.05) in
the multiplicity of intrahepatic cholangiocellular carcinoma in Group 2 than in Group 3.
The present results indicate that pancreatic carcinogenesis was inhibited by NA when
administered during the post-initiation phase of carcinogenesis by BOP in hamsters.
(ZEEgE. J. Nara Med. Ass. 51, 446~457, 2000)

Key words : nicotinamide, pancreatic carcinogenesis, hamster, N -nitrosobis(2-oxopropyl)
amine (BOP), inhibition



Nicotinamide ™~ & % # — BOP %% EI7E A

&

EFE, BARAOEERIERE, L OREEHEN DS
BMERE, HAREORARCBIT LoD, 1A
131981 FLIEDFETIRROE 167 & 7r o T %. LD
BADFETRIIBEINO—RE T E D, 1994 FITITHA
CEAHTHEBIN24FATACEL, BRETEHD
27.8 %% b D BIEE ST, BHZH - BHIBRER S D
EEEMOESICI D, HADKBEREIRATED
HOMHEERCALEL, BED DL ITEEOFETRIE
D 5. TD—HT, EEBRES ERL R EGH
B, FORENRLDOD 1D LTHENETS
ha. BEEO VIR 30 %, TIBRED 5 EEFRITH
20%THBH? T &hb, HBEREOHIE D =Dt idlb
FTFVMEXRET D L XEERMREREL o T
5.

=25 V7 3 N nicotinamide (NA) (Fig. D%, #
EMORBERTFLEEL LTCHRRRIELS oL, EHR
= o vE L HE TR L CEETS. 1 NA X
EHRABLEIRECOEERFEEEZETH S
adenine dinucleotide(NAD*) =
adenine dinucleotide phosphate
(NADPY) BB S & L CThRRKSAHL, €23 vB
BEGEEBRTIFEEZRDVOLOTLHS. b FTiEE
PRHIEI XD b ) 7L 7 7 VA I hES, ki
S, KBEHOERT, ARELD, FHE &, 2%
B, el oRBFEETREY. ThfFRELT
%, BRFEEFNLRERCESCE® 3 volgk
FLEAFREMA L L ORMPBERERSRLEELT, T

il

nicotinamide

nicotinamide

N
N

NH,

“

o)

Fig. 1. Structure of nicotiamide
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Animals: Syrian golden hamsters (5 weeks old, Female)
- N-nitrosobis(2-oxopropyl)amine (BOP) 10mg/kg B.W. sc

: Vehicle

: 0.5% Nicotinamide in drinking water

V7777 - 0.2% Nicotinamide in drinking water
: Nicotinamide-free drinking water

Fig. 2. Experimental design
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Fig. 3. Portion of pancreas of Syrian hamster
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Fig. 4. Body weight changes in hamster treated with BOP and/or

nicotinamide
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Table 1. Water and NA intake by hamster treated with BOP and/or nicotinamide

Group Treatment NA concentration Water intake NA intake
(%) (mL/day/animal)  (mg/day/animal)

Group 1 BOP+0.5% NA 0.5 11.05 55.25
Group 2 BOP+0.2% NA 0.2 15.89 31.78
Group 3 BOP 0 26.94 0

Group 4 0.5% NA 0.5 12.21 61.05
Group 5 0.2% NA 0.2 18.41 36.82
Group 6 None 0 30.63 0

Table 2. Incidence and multiplicity of pancreatic ductal lesions in hamsters treated with BOP followed by

nicotinamide
i Incidece(%) Multiplicity®
Group Treatment Effect_lve ng. 2 pIeTy
of animals Adc? Dys Total Adc Dys Total

Groupl BOP+0.5% NA 30 21(70.0) 8(26.6)* 25(83.3) 1.00%+0.94 0.33+0.66* 1.33+1.09*
Group2 BOP+0.2% NA 29 18(62.0) 8(27.5)* 22(75.8) 1.27+1.79 0.41£0.77* 1.68%+1.75
Group 3 BOP 30 18(60.0) 20(66.6) 26(86.6) 1.23+1.50 1.06%+1.01 2.30+1.80
Group 4 0.5% NA 10 0 0 0 0 0 0
Group 5 0.2% NA 10 0 0 0 0 0 0
Group 6 None 10 0 0 0 0 0 0

2 Based on histological examination

® Adc : adenocarcinoma, Dys : dysplastic lesion
9 Mean+SD

* p<0.05 compared with the BOP alone group

Table 3. Distribution of proliferative lesions in hamster pancreas treated with BOP followed by nicotinamide

Splenic lobe Gastric lobe Doudenal lebe Head

Group Treatment

Adc® Dys Adc Dys Adc Dys Adc Dys
Groupl BOP+0.5% NA 0.46+0.63 0.14+0.45 0.38+0.49 0.15%0.36 0 0 0.31£0.47 0.09+0.29
Group2 BOP+0.2% NA  0.44:0.68 0.17+0.47 0.42+0.64 0.11+0.32 0.06:£0.25 0 0.48+0.77  0.160.37
Group3 BOP 0.40%0.72  0.360.66 0.55+0.78 0.31+0.54 0.070.26 0.07+0.26 0.30+£0.54 0.42+0.70
Group 4 0.5% NA 0 0 0 0 0 0 0 0
Group 5 0.2% NA 0 0 0 0 0 0 0 0
Group 6 None 0 0 0 0 0 0 0 0

2 Adc : adenocarcinoma, Dys : dysplastic lesion
The values are mean+SD(No./animals).
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Fig. 5. 1, Ductal adenocarcinoma in the pancreas of hamster treated with BOP and nicotinamide.
(H.E., X100).
2 ; Ductal dysplastic lesion in the pancreas of hamster treated with BOP and nicotinamide.
(H.E., X100).
3, Enlarged pancreatic islet of hamster treated with nicotinamide. (H.E., X100).
4 ; Pancreatic hepatocytes in the pancreas of hamster treated with BOP and nicotinamide. (H.
E., X200).
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Table 4. Morphometric analysis of the hamster endocrine pancreas treated with nicotinamide

Animal Islet
Group Treatment
No. No. No./animal® Area(mm?)® Volume(mm?)® Perimeter (mm)®
Group 4 0.5% NA 8 581 72.6+£15.4** 0.0125+0.0014* 0.0013£0.0002* 0.7236+0.0723
Group 5 0.2% NA 10 627 62.7+18.8 0.0118+0.0029 0.0011£0.0004 0.6650+0.1122
Group 6 None 9 423 47.0x£14.6 0.0105=0.0021 0.0009+0.0003 0.6881+0.0926

3 . The values are mean=+SD.
* . Significantly different from Group 6 at p<0.05
** | Significantly different from Group 6 at p<0.01
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Table 5. Incidence and multiplicity of pancreatic hepatocytes in hamsters
treated with BOP followed by nicotinamide

Group Treatment Arll\}mal Pancreatic hepatocytes No./animal®
0. Incidece(%) No.

Groupl BOP+0.5% NA 30 11(36.6) 60 2.00£5.13
Group2 BOP+0.2% NA 29 7(24.1) 13 0.44+1.05
Group 3 BOP 30 6(20.0) 13 0.43%0.93
Group 4 0.5% NA 8 0 0 0
Group 5 0.2% NA 10 0 0 0
Group 6 None 9 111.D 1 0.13+0.31

2 [ The values are mean=+SD.

Table 6. Site of proliferative lesions in hamsters treated with BOP followed by nicotinamide

Incidence(%)® Multiplicity®
Group Group 1 Group 2 Group 3 Group 1 Group 2 Group 3
BOP+0.5% NA  BOP+0.2% NA BOP BOP+0.5% NA  BOP+0.2% NA BOP
Lung Hyperplasia 56.7* 72.4 83.3 1.80+2.11 1.63+1.45 2.57+2.27
Adenoma 56.7 62.1 50.0 1.03+1.22 0.87+0.94 0.83%0.99
Adenocarcinoma 30.0 27.6 36.7 0.33%£0.55 0.33%£0.61 0.63+1.07
Squeamous cell carcinoma 6.7 0.0 6.7 0.07%0.25 0 0.07%0.25
Kidney  Hyperplasia 0.0 10.3 16.7 0* 0.10+0.31  0.20%0.48
Renal cell adenoma 6.7 3.4 0.0 0.13+0.57 0.03+0.18 0.03+0.18
Renal cell carcinoma 6.7 3.4 3.3 0.13+0.51 0.03+0.18 0.07%0.25
Nephroblastoma 0.0 0.0 6.7 0 0 0.13%0.35
Liver Hepatocellular foci 13.3 17.2 16.7 0.17+0.46 0.30+0.75 0.17£0.38
Hepatocellular adenoma 13.3 13.8 6.7 0.17+0.46 0.17+0.46 0.07£0.25
Hepatocellular cacinoma 6.7 3.4 6.7 0.07+0.25 0.03+£0.18 0.07%£0.25
Cholangiocellular adenoma 10.0 6.9 3.3 0.10=0.31 0.10%=0.40 0.03%£0.18
Cholangiocellular carcinoma 10.0 17.2* 0.0 0.104+0.31 0.1740.38* 0
Cystadenoma 6.7 0.0 0.0 0.0710.25 0 0
Trachea Papilloma 0.0 0.0 3.3 0 0 0.03£0.18
Thyroid Adenoma 0.0 0.0 3.3 0 0 0.03£0.18
Adrenal Cortical hyperplasia 6.7 0.0 10.0 0.03+0.18 0 0.10%0.31

® Effective numbers of humsters : Group 1 ; 30, Group2 ; 29, Group3; 30

Y The values are mean+SD
* . Significantly different from Group 3 at p<0.05
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