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BE FREBIBECREESNTVWAELY, BRPICREDEI IBENIEY, &
= FHEBERTHIBEREOREICIEETHELEEASN DY, BEOREICHTS
BECETIMREEZ LY. SEKLIE, BEEOFRETINLRI—&, BEEORE
PHTH25y MMIOWT, BHEEREEYE TdH 3 N-nitrosobis (2-oxopropyl) amine

(BOP), N-nitrosobis (2-hydroxypropyl) amine (BHP) #%##&5 L THRU ZBRADE
REMICOWVT, Amestest (MEMTEEMRARE) 2AVTRELE. 4, TORE
R OZEEREYS % High-performance liquid chromatography (HPLC) %AWV THKREL
7=

ZDHR, NLAZ—TI3BOP, BHP # 5% WML BAEICEBOERFEEIFED
5h, HPLC BIF CHEH P IC BOP, BHP DRBEMIRH O —FH, FY T
FOWThOPEERS L THBRRICEERMIED T, HPLC 8 THEEFIC BOP,
BHP O BEEMIIERD o N h > 1.

LEDHREY, BEEORECIBRPCERRVEI PBEh TV IRV ERLR
HERELLTVBE, BREBUVE Ames test PIEERBEVEDA I - TRICED
AIREM D RR S N . CEH74E10 A 24 H 5% 31)

Mechanistic Analysis of Pancreatic Ductal Carcinogenesis from Pancreatic
Juice — Mutagenicity of Pancreatic Juice in Animals Treated with
Carcinogens —

Yasuo OKA

Pancreatic duct adenocarcinoma has one of the lowest cure rates of all human malignancies.
Therefore, the development of chemopreventive methods to inhibit or delay carcinogenesis and
progression of cancer extremely important.

Pancreatic duct adenocarcinoma originates in the ductal epithelium of the pancreas. The
secretion of carcinogens into pancreatic juice is considered to be an important factor in

carcinogenesis of the pancreatic duct, because the ductal epithelium of the pancreas is exposed to
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pancreatic juice. However, little is known about the role of pancreatic juice in carcinogenesis of the

pancreatic duct.

Nitrosamines such as BOP and BHP have been found to initiate pancreatic duct

adenocarcinoma in hamsters, but not in rats. In the present study, we examined the mutagenicities

and mutagens of pancreatic juice collected after administration of nitrosamines using Ames test and

HPLC.

The pancreatic juice obtained from hamsters treated with BOP and BHP showed high

mutagenicities and the metabolism of BOP and BHP was detected, that obtained from rats,

however, did not. These results suggest that the secretion of carcinogens into pancreatic juice plays

an important role in carcinogenesis of the pancreatic duct, and that the Ames test using pancreatic

juice could prove useful as a screening method for carcinogens of the pancreatic duct. (Accepted on
October 24, 2005) Kawasaki Igakkaishi 31(4) . 215— 225, 2005
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720120 A\ TH BV, Tz, WO 5 EELFE
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BT b K-ras #B{n T8 H 1L 4 T codon 12 12
FHLTWRIERLDY, MS2rORFERO
R E D EE LRCEH L CRIZFRECH
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V==V T REBARTHILTHD. ZD2D,
JAEIEDISET AN LAY — EBERPREL
TWvT oy MIBEREWE TG LRI 72
WOERFEMHEIZOWT, Amestest (WA
BERED) 2ITVWEOERERHOETMEL
7e. 72, B OZEREYE O E % High-
performance liquid chromatography (LA F, HPLC)
ZHWTRAL.

HRREROCTE

1. fL¥WHE

WSS 5 E & LC BOP, BHP # v, JF
W E L L T 4- (methylnitrosamino) -1- (3-
pyridyl) -1-bitanone (LLF, NNK) % H w7z,
BOP, BHP,NNK (& # #L € #1 Nakarai Chemical
Co.,Lid. (Kyoto) X DAL, ZhETho
{b2#HEE % Figure 1a, b, ¢ [Z/R7T.
2. B R OB EREUS ik

REBINGER RSB EFNREZE RO
AR % ST (No. 04-106, 20044, No. 05-008,
20054F), I R K -8 EERREH IO v
Tirbhiz. 72, HRENERRKRZEBYFER

RICBWC, MO ERMGEAE % E
FLTIThbh7:.
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WL, 10-15880BEE ) 7y I-vTF Y
NA R Y —, 10-1578 s HEEF344 5 v b
(Nihon SLC Inc., Shizuoka) % F\ 7.
BEHoOBRRIZ, ThZFho#sy L d
pentobarbital sodium (NEMBUTAL™, DAINIPPON
PHARMACEUTICAL Co., Ltd. Osaka) 50 mg/
kg ODFEENZGIZ X 225 ML ITV, L&
FIEREIBIIC CRME, JlE o+ BRI
BRI 2% L BRAE L. 160M%, &8k
BT CRBHIE LM RIEE 2 6k 5. e
JCHRARE 2 YR L, AR I A 0. 28 mm,
NECEmMmD R = F L ¥Fa—7
(INTRAMEDIC™, BECTON DICKINSON Co.,
Ltd. New Jersey) ZF&E L7, il CHSEER
% % L, BOP, BHP, NNK ¥ % L€ 1 400
mg/kg, &2 LF >~ (Eisai, Co., Ltd. Tokyo)
200U0/kg ZRIFBALL DHEL, # 6 BT
THERZ R L 72 (Fig. 2a, b). ZRJFHEZER
D7 OFERIZBICOBY L Y FRWML72b D%
T—IL, T %ET-80TCICTHMRAEL

liver

gall bladder

drainage tube

pancreatic duct

bile
duct

pancreas
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72, ¥z, EBROFHEMAHERT 572OFED
EBEE 3T 72,

3. Wiiha-73 95—, BAREONE
B0 EH R P a-7TI 7 — ¥, &
HEEOWE21To72. a-7 3 7—EiRKEIL,
RIIZY Y A F vy FAMY # Hv, BIRILSE
AHTEEE TBA-120 FR (TOSHIBA, Ltd. Tokyo)
WCTHIELZ:. T/, BAREEEIIYA 70
TP-AR (Wako Pure Chemical Industries, Ltd.
Osaka) % M \», 4 X )t B FtU-1100
(HITACHI, Ltd. Tokyo) 2 CH#lsE L7z,

4. ZEFERE

£ TOERFEERBE, I SIFFLETICT
Ames preincubation assay = {772, O H X
CRAF YV EABGREIB L TWA DNA L2
EHESHERM AR 7 LA AV 7 VAR
TolHIVERTERKEZEHCT, CXFT Y
kM S IEERMEICIR 2 18R BRER 2~
HHEETHLHY0, 52 MEKIEE, =ravit
A Y5 &2 Bk T 3 % Salmonella typhmurium
YG 7108 (37 B 3 i i AT JE i, 28 A AR,
BAAH S0 & 0 SR AL TEV 72, DUT YG7108)
L7

R EABRE R IR R L2, 0.2
um fLEO T 4V F —%BLTT A MEBRE L
TRz, B L 72/NRBRE SRR S 5\ i3k
WK 5ml, 0.1MF bYW A-) VEERR
B (pH7.4) 0.1ml & HEFHCTRHEZ A
BLUAEEEROIml N2, FEEEER
FET37C, 2004 v FaR=Ya L by
TTH— BERBE+0.5mMEAFI Y, €
FF VHEHE) 2ml 2MARM, RSV a—
AERPHREEHI—FRICIE, 37C, 48K A
VFaR—Vvarvau—HEHITICPL
7. B, AvFan—Ya VEOBHREL
ERR L2 0 HWCEFREBOMEDT-
1z

5. WP EREWEOFEE

BE P R EWE O N EIZIZHPLC 2 H
W 72. HPLC % {& 1 Waters™ 600 S Controller
(Waters Co., Ltd. New Castle) # w7z, = b

(531% 45 2005)

o vibEMEENWEEL L, 7T 5I121F Jasco
Finepac SIL C18(Nf% 4.6 mm X 25cm, Japan
Spectroscopic, Tokyo) #* FI\»7z. BAK® BT
2R0.2um DET7 4 V¥ —%@BL, 50u 2k
A, TEFZPUNMBR (TP PUIV DK
=2:3) I X o THIMAMEZEAT o 72, WHIL 0.5
ml/43, Hiiid 239 nm TIT o 72,
6. MERHALEE

£ BB o e # 1Z Mann-Whitney U test T 4T
W, PAEO.OSLLF CHEEED Y & L7,

b R

1. NAAZ—, Ty MEERFDTIT—ER
UEHRE
NHAAY—, Ty MERFOT I 7 —ERV
EHEE % Table 11CR7. BT o7T 3
5 — PRI, VA A Y —525200+ 3797 IU/L,
T v b A322210 £ 1927TU/LCTH Y, WMHD
BICEEZRAD R o7, BHRPOEARE
i3, NAARF—H5140.5£16.2mg/dl, T v b
£3159.0=19.3mg/dl TH Y, MFOMIZHE
ZIXRDO LD o7z
2. BOP, BHP, NNK %5 g
AEBTHEHE L= b VILEHTH S
BOP, BHP, NNK ® % 2 J§i 7% % Ames test T
Weat L7-45 % % Figure 3a, b, clZ/RT. T A
b B BRI YGT7108 % v, lplate 72 ) @
BOP, BHP, NNK @130, 250, 500 ug &
L. 1HEOT7yEefiE 2TV — Mz v,
3EOT v kA 2iTol. ZOWE, BOPOD
EREMZ, BEOAHL, BOP250, 500

Table 1. NARS —,
EERE

7y MERPOT I F—ERDY

BRD7IS—ERE BRRYIEORE
257

(mean=SD) (mean=SD)

INLRB— 252003797 140.5£16.2

vk 222101927 159.0+19.3
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ug/plate THEICE o 72, F 72 BOP 250 ug
/plate {2t L, BOP500 ug/plate TH B IZ
otz (BEEDOM  23.7+2.62 revertants/plate,
BOP 250 ug/plate : 173.2 + 4. 64 revertants/plate,
BOP 500 ug/plate : 411.7 = 10. 24 revertants/plate) .
BHP O R F ML, HHOAIZL, BHP
250, 500 ug/plate THEIZ & H o 72. £ 72 BHP
250 pg/plate 12k L, BHP 500 ug/plate THE
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Fig. 4a. BOP #% (400 mg/kg) IR L 72N LA S —
R D ZE BF
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Fig. 3c. NNK 0% REMH

WCEDP o7z (BEED A 1 23.7 £ 2.62 revertants/
plate, BHP 250 ug/plate . 249.5 = 6. 02 revertants
/plate, BHP 500 ug/plate : 396.7 = 12. 99 revertants
/plate) .

NNKDZEREFE®IE, BHEOAICHL
NNK 250, 500 ug/plate THEICE o7z, F72
NNK 250 ug/plate 2L, NNK500 ug/plate T
BEEBICED o7z (BEEO M 23.7+2.62 revertants
/plate, NNK 250 ug/plate . 67.2+ 2. 21 revertants
/plate, NNK 500 ug/plate . 93.7 = 4. 11 revertants
/plate) .

wIFho= b a v LEwd YG 7108 I L
TREEARL, ZREEOKRSZZOREIS
BHILCEATHZERBOOLNT.

3. = buvibEWik 5 RO RIE T

BOP 400 mg/kg % A IE R RHL L 72N & R
¥ —, v MEROZEREMEE Ames test THR
5L 7ok B % Figure da, bIZ/R 3. NA R
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Fig. 4b. BOP #i¥ (400 mg/kg) HEEML 7T v M§E
WOERIFE
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7 — RO R, BEODD ) ITHEBED
HEFAPMBHEE LB (LLT, B negative
) 1Tl L BOP RULESWORER T 7 A P&
ik L7228 (LT, BOPRLEHWE) Tk
EEBEEEIBOOLNL Do 7255, BOP ZHEL
EMOREEY T A MBS LR (BUT,
BOP #iE#f) TIIARICE» o7, £72BOP
RIWERFICH L BOP EHER TIXARICH D -
7z (& ¥ negative # © 10.25 £ 0. 95 revertants/
plate, BOP & L & #f © 10.00 = 2. 70 revertants/
plate, BOP ## i1 # : 232.75 = 9. 39 revertants/
plate). 7 v b BRI D% FE M3 R negative
B, BOP RNLIERE, BOPHEH VTN OEM
TLHAEEIZRRD R D 72 (B negative #f ©
10. 25 = 0. 95 revertants/plate, BOP 7 AL & #f :
8.50 = 3. 31 revertants/plate, BOP &£ & & 20.00
+ 1. 41 revertants/plate) .

BHP 400 mg/kg & R {E R R L 72 /v & A
¥ —, v MEROEREYEZ Ames test THR
L7248 % Figure 5a, bIZRT.NA RS —
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PR O RIE M, WK negative BEIZHE L BHP
RMEBHTIARERRZDONL D o 72705,
BHP #ERE CIIARICE o7z, £/ BHP R
MLERFICIH L BHP BHEM CIRARICE» o 72

(&Y% negative B © 10. 25 = 0. 95 revertants/plate,
BHP 3 JiL & # : 10.00 = 2. 70 revertants/plate,
BHP # % #f . 73.25 = 4.78 revertants/plate).
F v bW O % R E M3 B negative BF,
BHP RALERE, BHP BHERHWTNORERMTH
HEZZAD %2 d o 72 (B negative B © 10. 25
+(. 95 revertants/plate, BHP FAL{& B : 8.50+
3. 31 revertants/plate, BHP & 7£ % : 10. 00 = 0. 81
revertants/plate) .

NNK 400 mg/kg % B {EBZRICL 72N & A
¥ —, Fv MEBROEREN % Ames test THR
5L 72 &5 B % Figure 6a, bIZ/R3. NA R
y — W oE REFEMIE, B negative £F,
NNK FRAULEFE, NNK #ER, WT O TH
BEEIIAD L H o 72 (B negative B ¢ 10.25
+ (.95 revertants/plate, NNK 7 4L & #f © 10.00
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NR—Ya VBOYGCTIS DAER KT WAL 72
R AEFRHBICERIEA SN T, revertant £
CRIRERERENHBE T S LRI

+ 2. 70 revertants/plate, NNK FH{E# : 7.75 £ 0.95
revertants/plate) . 7 v bESROERFEIL, B
i negative B, NNK SfRALE#E, NNK FiEH,

WINOHEBTOEREEIRD Lr o7z (Bl 7z
negative #f : 10.25= 0. 95 revertants/plate, NNK 4. = bu v LEU5EIYER o HPLC f#HT

S ALTE BE : 8.50 + 3. 31 revertants/plate, NNK BOP 400 mg/kg % SHEBIRI L 72NA AR S —,
VEBE ¢ 10.50 =+ 3. 41 revertants/plate) . F v BT O HPLC f#HT O %5 5 % Figure 7a,

B, WFNOEBRBIIBWTHA yFa bIIART. LAY —RIE T, BOP D HE

HPOP
BHP
\\ HPOP
BHP BOP
BOP \\\\\ K///
I | | T I I | I | T | [ I T T | | I T T T |
0 2 4 6 8 1012 14 16 18 20 0 2 4 6 8 1012 14 1618 20

retention time (min)
Fig. 7b. BOP ##E (400 mg/kg) BIRWM L 725 » Mg
i » HPLC f##7

retention time (min)
Fig. 7a. BOP ##{% (400 mg/kg) BERP L 2N B A T —
JiHE o HPLC f##T

BHP HPOP

.:/ ‘L_/\,A
L e T T F e T

6 8 1012 14 16 18 20
retention time (min)

8b. BHP #Hil (400 mg/kg) HRML 72T » b
o HPLC fi#ht

FEETETY VR YT = B SRR MR SRR P B
0 2 4 6 8 1012 14 16 18 20 0 2 4

retention time (min)
Fig. 8a. BHP #7E (400 mg/kg) RERBLL 72 NL R & — Fig.

f& ¥ © HPLC f#HT
NNK NNAL

NNK NNAL

A ! PR

I I T | | | I I | T I

2 4 6 8 1012 14 16 18 20
retention time (min)

9b. NNK #H¥ (400 mg/kg) HEFWL AT v M

> HPLC T

I | I | | | T | I | T
0 2 4 6 8 1012 14 16 18 20 0
retention time (min)
Fig. 9a. NNK ##E (400 mg/kg) BRI L 72N A A & — Fig.
JiiiE > HPLC J#HT
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¥ T & % BHP & N-nitroso (2-hydroxypropyl)
(2-oxopropyl) amine (LA F HPOP) Z¥— 7 %
RL72AS, BOPDOY—Z 3R ELPolz. Ty
b B 3% T X BOP, BHP, HPOP W §iL® ¥ —
78 YV -Y Yoy .

BHP 400 mg/kg % BHEBTRWM L2 NA R T —,
S v MK ® HPLC @87 O #5 % % Figure 8a,
biZ/RT. NARF =TI, BHPIZE —
I &RLIZH, HPOPD Y — 7 3R E L h o
7. 9 v MEWR T BHP, HPOP WD ¥ —
I HRE ol

NNK 400 mg/kg % #EHRB L 72NA RS —,
Z v b @ HPLC 4T O i 4 % Figure 9a,
bIIRT. NAAY—, v MEEWT LD NNK
L F DB EY T B b 4- (methylnitrosamino)
-1-(3-pyridyl) -1-butanol (LLF NNAL) ® ¥ —
TR oz,

% =

ALY, BEROFRETHENLAY —
BV TIRBRICEREEWE W IR D
B, WERORELLWT v b TIIERICER
FEHWES W ENGTEPRHL N E R ST,
COERE, BEEORBEICERFEED -
WICTWSNEEPIEET, BRIZTWINT:
ERIFYE S LR MIIC/ER LT Kras #
BT HEOBERTERLZFRL, BERORE
WS RBRENT. BOPB LU
BHP i3 2 207 u ¥ vz o= buvitsd
WThHh, NARF—, Ty MAEBYIIBWT,
F 12 T i T BOP 1& BHP 3 X ¥ HPOP | 1t i
FEHALES B, BOP & EORMEE= o
VALEYIZ DNAJREE, #FI27 ) VIERTH B
guanine % 7 )V ¥ VAL L, N7-methylguanine, O6-
methylguanine @ X 9 2 ik & Bk 51919,
DNA 1t Jll {& C & % O6-methylguanine {3 in vitro
DEBZRIZE W T G-to-A transition BIDZE R %
FRTHIEPREEN TS, BIPEBRIC
BWTH, BHP THFELZZ T v MilifEIZB T
% K-ras # fn F 2 £ b 4 T G-to-A transition

(531% 4% 2005

BMOERTHY, ZOROBEETERI= O
VALEMIHENTH L L ENTWE., 2O
EPLENAAY—FRRICRB I = bay
ILEWA K-ras B TEEEZFHETHI LN
TRMEEN 5. —F, BOPR BHPZ/NA XY —
25y +DOEARNTIZFEREDOAHED 2 K
L, TWEYOPERIC 3T DNA k2 K
THIEPHRE SR TVWAY D, LiL, K
B E R IR BRI BV TR B Wil T
H5H I EHh 5, DNAERERAIMROE R HE
EEMRICE L TR AR EI DERRT LI L
T, BB A IR EREDOART
EERERETERTAIZ LI TE RV, 4,
BOP B3 L U'BHP 425 L 72 P NL R T —
Ji W8 #1213 BHP & HPOP 2332 & 72 75,
Sy MERPIZIEFZED SN ol ZOFE
W2 B 1T % BOP % BHP O 4 #HiG 1L %, B
WO BRI BT 2 WA H R W I
54 pBERY v IHEND D I L
b, —F, ARBEWNTBOP & % \» X BHP
ERIEWE IR G DN LAY — R B IRAT
%L, BOPX BHP OZRFEHS LA TS (R
BERT—5) Fhd, BREOLOPEREY
B2 RENEHAL L T B HEN: b RIBR S Itz

SRS b v bkEY TH B NNK
W, NAAY —, Ty NEEIWIZB VT IR
T NNAL [ZRBNEMAL S 51920, F7- NNK
DFFIZE D, NAAT—, 5y NlE Ok 4
IR RIE AR 29708, MEh & b IEEE I
AL Z BT RERIZB W TH NNK %
BT LIzNAAT—, Ty MERIZWTHh
SERFEM A AT, B HIZH NNKR
NNAL O FEFEIZ D & i - 72812, NNK
T3 BOP, BHP & [iff, BMBEOLREEOH
e, PR OZREWERTEOREIX, RO
A I L AR BRAED S /e,

IS OMRIE, FRICEREWEL WS
NAHHELREREESHETL I 23T 5
LT, BEWEORRDI-OIEREEHL
FHPVETH - 72 EROFEREERRIILIL
T, AREBRRIHECHIEMIOREREYE %
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MBELIBAZ)—= v 7RELTOFREE
RTLDTH5.

ARFZIZBIT 5 Ames test THW25 A M
YT % YGT7108 1Z, DNA k& B1E 3 %
BF#ED 1 > Tdh D O6-methylguanine DNA met-
hyltransferases # 2 — K 3" 5% adagr, ogtsr & 1=
TERBEEELTVEF VLA B RZERTD
5%, REBIZBWTH BOP, BHP, NNK |2
xF L, YG7108 13 & v & %2 M % 7R L 72, YG7108
D= aVALEYIIH T B EZ ML, STORK
T& A O6-methylguanine DNA methyltransferases
ARIEL T2\ TALS3S £ D b 4 ~100/5 5
WERE SR TWAED, —fiZ, fERDOER X3
F 7 ZH &% 7> Ames test TIIINZLE S IC
BENLRENLEBEWETHLA~TOFA
Ny 7T I VIZIRECETEERTH, B
BemuwitEtr nd = bu v bEWicxtd 5
BEZMEIIEWE SR TV b MEERIZB VT,
K-ras MnF2ERIZ= ba ¥ I Y THEREENE
% G-to-A transition RIS W &5, b M
BORAECRETO= +a VLEWOE S AR
®BshTBh, = bubEYERZHD YG
7108 (kZHWB Z L2k Y, KEBRRIIL b
HERORBEICHES T HHREPOREWE LS
BRETHRINTESERRE R VB LTREND
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