BEGZEIZHE L T G:C-A:T transition
BIO—EERKOEREEN LTS5
AN 5NZM, gt MF BRUEEEE
BEL DI, fnoAnTavyA 70 v oy
I B EBIIBNTHRERMICK
WWEHEBREALERD N>z, Spif
assay DFE R, MelQx # G- 1251 5 Spi” MF
AN OBERICBWNT S S EEMAER
S5N7=0 AfEEMCBT EREREIZ
ROLNEND .

(EBR ) EIEHEERE LU BOKEIDL,
B BORSRBEZENMNSENU. SiE
ez 8 AL E#E UZEBIC BT 2 &&E
BIIEAMAERICEL TERECLERLEZ. &
JEIf B ZHE LB OEN B I OHMFE
213, ERepick L CEBhER5HR
RERICEEINS 2 ERNRD 5. &EN
BE 20 HEGA-BICB T HEdFER
WIEBERICH L TEEREEER L.
gpt assay DFEF, MelQx Z#H 5 LU ZBITH
W% gpt MF 13, SR ERSHRICED S
TREBEICEL TEEERTEHANED S
Nz, LML, fMINOEEHERGHRIIC
BWTH, EEFAEE MelQx &5 LEEIC
xt UBEZ R AR D s Naho Tz, iz,
Spi' Y v A DFER. MelQx 5B LU EfE
D SpiEREEENDOEZEITRD 5N
TRIND T,
3-1. BB 1. BROBEAGRELZELTHE
BERTZ2EEL. F1T7AT—VHEET
M ET I R

Bisd 2 BEORHE) CREEONTT
FoBIUVAY I PRI ZER, R,
FIRE O v MCEARERO®RET S
EIEIREATIET & & 5k W IR E RN FE IR
TEIEEHR LUz, ET1 T AT =K
BT, B CREEENESR. EMR
#pER, ANV ARFBLUORERFOE
WRKBT2EEOREICEELZRIITO
TlanwheEZlz, £I T, BUBEDE
BWE. R, EIRTHB IO O S
v NOFBEEIOMmEZANT. BHEY >
ZEFIEREER (Cholinesterase: ChE), ¥4

REMEEEEMEITDWTIE CYPIA, CYP3A
BIOCYP2C., BHEY > BRIEZ MK fET
% Paraoxonase 1 (PON1), A ML ARFOD
Corticosterone (CORT). Fi Bt ¥ & ©
Glutathione (GSH) %% L 7z, ChE 3% ks
HTES, BB I VERTEWER
SRUTZ. CYPIA BILU A TTIREBHITE
ERETERL. CYP2C IIERIATEKL.
R, HIRPHBIUOBRHITEWEEZ R
L7z, PON1 BIERBHTHEERMETZR
L7z, CORT ZEIERHPHTHRDEWEZER
L., E@STIHEWNEERL . GSH &
HTEMNBENEEZR LUz, EMRHESR
IEE. B D WNIERTELT S
ERHIENT VD, F7= CORT BXLU GSH
WERECHENWERT I, MEBRICHEWET
Téo%K$E$%§%®%LM%%%T

. ERBEEEROA ML ARTFOEEL
%5mm\wgﬂﬁm¢é EbvHEIN
T, KRR TRD SN ERMICSBT
BEMREMBEEED CYPIA, CYP3A BLW
PON1 #EHEDEF B/R{K T, CORT DEWEDN
CORHICB T A EYBRZHICEEE RIT
L. BHI 2FHOMEERICEET 5 WM
BoRER LTz,
EBR 2 NTFFBLUOAF = bTXé
BEL-BMCBIT2EMHRBICEERS
A B5HWFEMHER

INETIZ. NTFA> (P) BLUASY
I REZ M) &R, RS, EIRAO
HMEICESRKEROKREGZ T 5 TR
T, B2 OEEHBERIFERT 5
TEEHRLE, EBR 1 OERNMS, EL
B OERDH OMEY) T PON1 EEOFE
I2{EF. CYPIA BXO A IEHEDIK T &/
BL, EHICA MLV ARFTHS CORT D

CHEIEER L. INSORNRETS

19

ENEHEERTLEEZ,. PBLUOMZES
REHRS UEHR, AN, kP
SOBOMEMERNT, BEERRICE
EBrH5ZH5RTEHEA L. BEAER
P0.3+M0.4 mg/kg/day DA EHEZEAE
& L., P0.6+tMO0.8 mg/kg/day DFAEHHE %



BRAEE LUz, £BATH S 1%Tween80
KB & 595 0 mgkg/day Z X HEEE &
Uiz. Tz, ERATRD SN-EELH
RERIE, EIREMOBIBOHEEFICHE DK
EEINC LR 5EOEMNRERNENE
R DD, BRI EIEREL., At
EPHROEBHE L TEREDAE KIER
O#%E5 L7z, ERFHABIVCEBHTIIAE
B ICE TR, FRFRTHOEH
BETHRCZ2EDEERBRERNRD 5
N7z, BIEREY T, PEICHEERED
B e RS, AEEED S EHP NI
B, PHBLUBHEBICEED DN
IIRE D . BRBHNIZIEERD 53U WA
FEREZRDIz. ETATAT—IVTHRET

2HEMOBRENRIZDRRERNT 5720,

ChE, PONI1, PON1 I[ZAHBET B &EZ 511
TV 5 Estradiol (E2). CORT Z#IE L7z,
fixt- ChE 5 1 13 4k B B #5 51T BTz < s
HTEE<, R, EIREAP OB
B4 C{KVy, PONI {EMEIT 0 mg/kg/day 128
B ERPEI TR, RBEHXDDBELE
40%IETF L7, IfiE B2 \3FEREI B L O
EIRENM) T5 < . IEIRFH Cl3{KLy, CORT
X 0 mg/kg/day DITIRFPA TR mWEE
wUTz. Bizd 2 BEOFE) CREEZ
Fii, R, IR B X OEIICE
EREROBGTSHE, HRFHTERD A
WHREIRZ R . Z ORI TIE. PONI
EEMEK< CORT DEFWEZRT ., F/z.
PON1 EAHBE T 2 EEZ 5N TNS E2 DfE
WV, 2D LA EREZEREE S
EEXI, £, BITIREY TR X
DHEUENRS BRI LI ENG, KEH
I EES B 52O BMNEROEEZ R
SLTWBDOTIERL, BIRICKSEEY
LN EE T BRI s Lz, H
L. HEZABTIE. 0 mgkg/day & P0.3+0.4
B X P0.6+M0.8 mg/kg/day 1Z31F 5 &
FHEBOBEMHICDONWTIZHSNIT S Z
EMHEIZMN o T2,

EB 3 NTFFBELURAYI RERA%E
BELEZFWIIBITSBERICER. mE
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PON1 {E B L OEYHBESR O mRNA 7
HEORIE

EB 2 THIRPHI D PON1 {EEDKT &
AR VARFOEMEHRL 2. HiLABR
T, &AM TAT—IJRBITHEMERER
WCEELEZ ARTFEFEMICHER TS L
FHIE L, EB 2 TEHESNFER X
CEZRAWT, BIEANLZADNAZY
—H—Tdh5BHEILIEE. PONL, HiEY >
REEORBICHST2EMRHMEREL
T, cypla2 BE W cyp3a23. 51T ponl O
mRNA I8 % RT-PCRIEIC L DIRET L7z,
ER 2 BT 5—RIREBOBRETIIAEM
B, BEEBIICLD2EROFEFITE N
HDHTEEERLUZN, SHIEHRMNSIE
EEEZHLNTT D ENEFREN D7,
UL, IR OEBRCIEEOHEME
ponImRNA FEH & DK TIZHREEZR
AL A N L IR ponl FEREBOIKTITEE
ERETEETRE L, EREIRICE
T9 5 cypla2 DERFRREEL. ERPH
AR R U7z, INTFF 2 2EERE 0N
SF 7)) TRET B cyp3a23 L IRFH]
TEWEZERL /2. cyp3a23 TRE ST 1/z
INTGFH ) N ponl K TFIZE > THEEL
TET, /- cypla2 DEBEEDETIZL S
T2 EEOBH) HEZRH - nETE2
W=, IEIRFHNIC B E /R HRE IR AR
SNz EE R T M pon] BIRTFREEE.
13& PON1 {EME & OHBEEZHASNITT S
Z RN T,

3.2
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LEBRA T 22— )L Ot

MmiFES IgE EAEB LU >/ HiF
IgE BFHEMRREmES [gE EEERIESB X
B > XEi IgE Bl s 22K
41Z5R T iET IgE EABIIRGE THYE
FEEEE LR L TAEEITEML 2. MY
>NEIFTIE. TMA BHE - BElRIC K 5 IgE
PRI OB B BMNRD 517z,

1. ffREYE R DT : _
i R R P OIF B ER B, Bk &7



ThA VEAER (MIP-1 o, MIP-1 6, MCP-1,
RANTES, KC) DHIFE#REZK 4 IZR7,
R ERE B LT ER BT, BYE - EiE#
TR BB B L ORBAIED A DB & LR
THEREMNRED 5N, Flx. FEEER
PEFRERNSEEINDTENA EDE

ot R - BAED A DB EHRTHREGRHT

BHERBEINED 5N/,

2. BB > NE DT

FEFS D > /NEi O EAILS—T Mlakd
KOETA M 1A 2 & (IL-4. 5. 9. 13, 17A)
BlEfERZH 5 ITRT, EEAIS—T #
FaE> BALF F DORGE ML & FARIT,
BAE - BB CHEANBREIEELTER
TREEINDERD 547z,

2EBEBRE R

1. FRF3Y >/ SE D fENT

BiF9 U > /N IgE BEME B fila B L
YA MA VELE (IL4. 5. 17A) BIFE
#HREZX 6127”9, IgE B B Milas X
V&Y A M4 VEEABIIREEBEBSIO
EREBENBWIEENL SBERTIIS
BRENRD 51Tz,
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1. B ORI

B 7 I O M R B R E R T,
NV EL EEHTIE, BIOER ST
LU TEBIIRD s Nmho7zl, ARF
AN BIETFIAYY COEHER
TiE, MEANOMREERMEN RSN, B
HEBE S LB U TRIERIGD TIE L T 5 1]
BEMEDS R T N,

2. FlFIY > & IgE BB IER R LK

fitiF9 ) > /NEi IgE BEPE B MBI ERs R %
X 8 IZRY . £ TOHBRYERGE TEE
SHERBEL LB L T, TMA BRIE - Eitic k3
IgE BBEMRE SR DE B BMNERD 517z,
BICTFHAY Y OEAETEOEMMN
BHETHO =,

3. FHRURER DT

iR Pt i DIF BRERE. fFPERE. ARG
HIRRE S L P EEBRERIER R 2K 9 12
RY . HFEREREL. GFERB KO EEREL
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ISR B % 58 TR R & BT
BB OB MNERD SNz, FFIFER
HEEREII TR TCOFNORERE TREBER L
U THEREMPRD 57z, BiEHE
B, AMFI7O)VR5E TR ER
IR THEEREMNED 51z,

4. FHREY > /SEIDRAT

B U > NEiP OFEEAILS—T fifafd
KUY M1 & (L4, 5. 6,9, 13,
17A) BIFE#HEZK 10 ITRT, sEAILN
—T #A2%> BALF FOREMEMBRE L
BRI, SEBRYBERGH CHEAXRR S
B U CHEMBEE OIS 5z, &
WARFLZONETFHIAY O TED
HEINNEEETH o 7z,

27 fEE

1. Im¥ES IgE EAE :

MyEH IgE EEERERREZK 10 ITRT,
ST DOWHERYE % 55 THAK FREE & Hik
LT. TMA RfE - BERRICL 5 IgE EEED
BINRD 6537z, BTN FF X
VB L 2 EEERE UZBTEOHEMmN
HETHo =,

2. FiREVEEIR O BT

AR P OIF B EREL. ERSHIRES &
O BEREOAERE R 2K 11 1R T, 178
B L TR EERIE, X2Vl B
Hl 2 bR < B 5 EE TR BREE & b TH
MAEH B, A bF 7o)V ENTFF
PEABRELLBIIBNT., SHEAREC
EARTHEREMNRD 537z, B
i, ARFL7ONENRTFL O OES
B, BLXUONTFF 2 EXRVRE L
COEABRERIIBNT, SEARSEE
i U THERBINNRD 5k,

3. FREY > NE O

FEFS Y > XEir OREEAILS—T Miasds
KOEYA MAA & (L4, -5, -6, -9,
-17A) BIE#HEZR 12 12RT . EAIN
—T MfEEI. mEFO IgE FEEE EFF
W2, BEEE I RERE S s U T
NRD SNz, &A1 M1 EERID
ARF ol EXRIVRQIEL >, R



WA RFIZONENRNTTFF U E2ERES
UEBICBWT, SEAIORGEHICTHENRT
BIMERD 517z,
4.
1) ROXA I —)VFEIZELS AR G
b3 TRARE DR ,
EEWRICKETHD MCII) A > RE
O, BRI THD TBZIFIED 7> RE
D ARRIEMALEITH B Z EDVRINT NS,
ZT T, MC OFFET U /1> R AWR &1
{t#& (BaP. AaC. BNF. DMBA. Trp-P-1

BEU IND) HBHWIEIEY > RE ADRTE

Y L8 (TBZ & OME) % HepG2-XL24
MRICEAUEL, TOEEITBIT2E
BAEMEN Lz, TORRE, U RE ARR
EHEALYE & MCIZ L% AR JEHEALISAR D
A 5N 5 —F, TBZ BL N OME 13 MC
12k D AR FEME L EFFEMICHE®R Lz, &
DT EMS, BFEE AR FEHEAEIZD H >
REIEIEYH RBIEWS B B5 17D
AhR FEHEAHEDHAGOEICIL TR
5 ENFRRE NIz, RIZ, OME * TBZ
BEHIZE 6 MO XA IS —IULSE
% (TBZ., OME. BNZ., CBD. BML X
LAN) & MC Z#H AN L #R, BNZ 2
B < BT AhR EHILEEZ D SO
A I —=IEEWIZ, MC 12X 5 AhR
EHACEER T AIEAND D T EAREIN
7zo OME® TBZId, YU X AR XD BHLE
 AhR ZEEMIEEET S, £IT, &
b HepG2-XL24 fila B LN ~< T A
Hepa-XL11 fARBICAR S XA I ¥/ —)VEE
MC % 24 BI#EAME L, D AhR IEHEAL
BEZ b U7z, D% R, & MR T TBZ,
CBZ > BML., OME > LAN QDJEIZ, YT X
- #ERE T TBZ. LAN > OME. CBD DJEIZ
AR JEELDIBRIEA RO 5NTz. 7z,
W TA SN2 XA I 5 —)V3E
@ AhR IEMECIEREM L. B OfE
PALINY — > EIFERD I EHRIN=.
= 512, HepG2 #ifid & 13 ARR < CYP1AL1
BEEFEEENE/LSE MK (A549.
Caco-2. MCF7, Hela 3 & U\ Ishikawa) %
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WT. AR EMHEMERT (CYPIAL,
CYPIBI) DiFEIZxd 5 MC & TBZ D
EBEELLBR LT, TOMRE. CYPIAI Bir
FI3 Ishikawa fIAE 2 FR< SRR T, F/z.
CYPIBI B=TFIL A549 Hif23 LU Hela #
fzkkR< 4 il T. TNTNESLERT
MR/ FENRD 51z, TNETIT,
CYPIA1 BEEFHEANT ARR U JT > R OAH
(RIEMEAL) ZEBESESIE T, ARG
MEALEBIER 2R 2 &AM SN TN S,
ZZ°C. CYPIA] BERZFHE L7z HepG2 Ml
fmEzRNW, XX IFY—)VED
CYPIA] BEETEHANDEE L ARR IEME(LIE
e DBEEEEBNT L. TO/RR. TBZ
R OME I EBE TCYPIA BBREHZHE
T 5H, AhR {EMHERIERZRLZZ 10
uM T, CYPIAl BEREHEOHEZITRS
Nz Ino 7=, W RAYS TBZ I CYP1AL B
ZOEEHEERNERE I N 2D,
CYPIA BERFHEMNLLEMNE Y HepG2 H¥E
HepG2-XL124 fifa &, FEAERBNES
U2y A549 HISED AS49-XL il 2 B\ T,
AhR JEHALIC BT 2 EEEE MR T
B, TOEE, WINofMEkizcen
TH TBZ 1 MC 12X % AhR (&L % 58
Lize UAYREDHEGICIDIEER L
ABR & N7EWE, AEFF AT O
FHY—LCXOBEND, ZOTaT
TV —LEHET B E, AR EEEORE
BT RN ER IND T EMNRINT NS,
ZF T, ffEN ADR % 2N BRBIC KT
9§ TBZ &% % Western blot &I K DT L
Jro TOFEE, MC IZX5 AhR S RIER
ISR TERD, TONBIERITIBEKRE
B Eldiasamoiz, £7- TBZ OULEIZ
£ 5 AhR EMHEERIIHR TS0 >
7zo
2) BREFO AR IEECHE OMER
ANTOVA T DI TIE 9 &) %
t b HepG2-A10 fIfEIZALEE L. AhR {E AL
BER LT CYPIA BERFEELE TNZNHE
FE L7z, TOEE, OGh-P-1, Glu-P-2 KX
PhIP IZ13. BE7z AR IEHE{LEE® CYPIA



FEEERIEEINWI &, @Trp-P-1,
Trp-P-2 R TF AaC 121X, AR KREMZ
CYP1Al BEZEFEENHDZE, F/2. O
MeAaC. IQ KU MelQx Tid, CYP1Al B
RBHEENESNDICHEDH ST, EROD
EMEOBERIIEZ 50T &R EDEE S M
xR oTz. ZNHDFERKLD, MeADC, 1Q
B MelQx (3. AhR {EHALEES IO
CYPIA BERFEREZF DN, INSLEY
IZ1d CYPIA BEREMHEEREEZEGHOER
DI ENRB I NG, 51T, EROD &
IZx9 % HCA EOHEESRERFT L &
A, MeADC. IQ KU MelQx 2134 T

VY ERDO HEEENH 5 Z EAVRE N/,

Z— )L ZERERER 18FEIZDOWTIE, E &
HepG2-XL24 7217 Tz <. T v b HAIIE-XL9
BRI X Hepa-XL11 fliflazAWT, &
D AR {ELEEZ R Lz, FOREE. 7R
£ 101 B, 7R 104 B, 7R 105 5. KA
106 5. /213 5. DMY BXUORE 3 &
D 7 AEEHIT. WINMOMIRIZBWT
AR FEMALREN R D 5Nz, BICRAaEE
D% < TAWRIEEACRRICEEND 2 Z &N
TRENZD. REBEEBIUOTOERL
et s BEICDWT, WO AhR 1IN
T HIEMLREZ S S IC BB L2, TO
MR, b MR TIEIRE 104 BLUOFRE
105 B2, /=, v hBLUNTT ZAHikE
BRTIE R 101 & ITEEZE 72 AR {E L EEDY
FNTNROLNZ, TITEIHIZ, &H
W OEEOMAEKZ VT, AR R
BT (CYPI4]) OFEBEZFEEE LT, AhR
EHALICBITBEELFAN-, TOHE,
AWwznwinokb k., v hBLUITT X
DHAEARIZ BN TS, AhR FEHALICHE L
7= CYP1Al B FOREN RSN,
5.

L AT Fn6OEEBREERERE DR
Hr

T FONEEMNEGET. BEEZETL
TIEEEERZ AR T 5 AIBEHEIC D W THRET
ZiTo7z. BERWEHT. ¥z 2%
B0 NaOCH; 2L TP 7 A K% £

=R, BEZHMT 5 & 430nm DI
NOEANB SN, ZOELDHTFF
COVT G MR RERITT S I EN

CFHENR, VT oA R REETT
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L&, DTZFAREBEIF T VHI
A, Fle, BRIIA—N—FF>
RAEET D, FI T RISBEIKRIZDWN
TESRZHWTENTNDERE T L7
LA, 20051 12 g BRSO TFIVDE
BEXN, ¥IF /205N T A 2NE
RLTWD ZENRERINZ. £z, 20D
BSAIR DEHKE ESR A7 ML (113K) %
RELEZEZAS, A=N—FFTRIDH
VT ZF TR 2175 12 g EEHD
TJo— Ry T FIVEBEERETSL &N
TEl, DEODEERID, A7F2DPT
ZHARIIEEE B TFEITLTA—/—
TFRIRTZAEFEEL, BS5EEIF
ST VNIINT =G IR I ENDo
776
2. T F 2 OBALK IS O fENT

7 x /) —I)VERECENIE 1 FEYRH
BERIZX>THF/ MANEBREENDZ &
INTRIENDDF ) AROHEEIIREZREE
ENTWRY, TIT, AHFETIEIH L2
BiHzAWTHTF > OBRERBOET
WIS ZEITW, BAEERY DREEIZDWNT
BT EfT o7z, TORER. W+ 13—8
TE1LHI(Ag,0, DDQ, DPPH, HILE JF+3
NI —=F T HINITE > TEOMZEEL
EZTHIENDN O, LHLENS,
FRALAE RN FEE IR E T BB Bl g
LW ENS, ATFFEHIVE FU)
TU—=IPHI)E 111 TRIGS BBk
B NMR AR MVEBEIE Lz, T0
R, NMR AT MVING, ATFFHED
Y=o &F )/ RfskOE—T 2 111 T
ENTWBEZENER I N, RO HE
T. Ag,0,DDQ ZHWNWERIGIZDNTH A
TFNIF ) ARANEEBLIND I EDHE
RTE. HTFVINF ) AN EBLS
N5 &, DNACERE EMIMEZRRL T
BEUERHETHENTFHRIENS, T T,



BBEEOTTIVEEM THS 4-7 00X
CUNTIVERWT, ARl B
BARITH T A MR R EfTo/mE 5, 4-

OO PI)T I MNF ) AU 7z,

A RMEEEETDHTF KN
KT D ENDMhoT,
3. hTF > DOEELE S DNA YT RIE
HNTFFOF ) ANOBLEEDHEE
fHEICFHME TE 2R BROBmET 2T o /2.
HTFF I 4EE%R DPPH 235 &
FIFEETONTFNF ) BT N5,
Z D RHFIT pBR322DNA & NADH % /0
LTCA>FarR—arliz#g 7Ho—
A EBZIKECHRTY 5 &, DNA O YR 281
BT 2ZENTER, ORI T
FODBEEICKELTHERLE, £z, &
HEEEOHEREL T SOD, hyF7—1,
DMSO % DNA YISO RICHMLU Iz &
A, & TDOHERT DNA Y1k =522
HIL7z. LEDOFERI D, 717 F 13 DPPH
WL BEBALIC Ko TER LT/ KD
NADH FE . BEZ2ETEHR LU THEE
HEE AL, DNA Z2UW9 5 2 &%0hn
57, ZORERIE. 7/ —IHLED
OBARBEES . EEEEOBEERFE
RELUTHIATIEETH B,
4. BACEH & £ S R _
—ETELE DPPH ZHWTF / Dl
%%ﬁot%\f5XiF%ﬁTfNMm
WWEBF /) S VHAINT ZF ANDBILE

12, BBz I BEEEORRRE
AWT, BRECEENTHLIRENZRT o

J = )VEREB E OFEE AT o 7.
KSRz Eshn U7z DPPH OIEBEIZIFEE LY
B 4582 ZTIENHAV. NADH I3ET
ImM THIEZEfTo /=, TOHR. H5F>
DOHFEBRUETH LI TF TN TF
S EHANRT®RAZDNA 288 L, TEAD
HTFF IS S ITEWYIRIEEZRL 2.
—F. BECBRBEEFINTWDLIE
AohsFoHL—hETEATF > &IF
EEREDORAUBEEEZRLUZA, T
CHOhTFF D ERRTEENAE KT

RO WTHTFEESI E T,
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bto

STFEEFEIC K 2 FEETRI
71/*%@?%%%%&%@#/)@%
= i)
WZE NIRRT A —F ORET & T
S/, T/ WVERBAEYENBRCEER
W&o THF/ N EELES /=, NADH
LB TTMEICL > T—BFELERIT
¥, BT DF ) T PNINT I N
ZNTERILLTHEERZEZRETLHIE
MEZONS, TIT. BEENBEEIEICL
SFEESEEfTY, RENRZ T/ —
IWVEFIBE A E I DWT., F/ Db
NG0B EZECEDYRESH HHE
(HOMO) & —BFEAbE (ST
) OAERE (AED) ZXKk®iz. /2. F
J CBACRIN SRR BRI AREICEED S,
F ) 2 DOHEEKIEHECLUMO)E—EFETT
¢W/ﬁw7 FDERE (AE2) %
ROz, TOFR, AE2OKRES (ITFF
>>It%7#/>ItﬁDﬁT#/ﬁ
L—hk > ZTEHOHTF2) NERERHEZ
HESFEHTMOEREEDE<SHEL. A
E2 WMELSF /> 7Z2F TP RIVINERK
LW/ =)V {ehE T EEEN
SRV EDSEASINE TR T2,

. B

1.

(528 1] gpt delta ¥ 7 A& AWT ES D%
RIERFFRMEICH TS FL SHRAREOEE
ERFLUZHER. FLOFRABRESIZLOEH
B0 ES L HEA/LRFREDEHRIN
77. T 5T, FL OffA#GIIBEME S TIX
EREFFRLLIWEHAED ES THHERE
BNBIERITIEEZHSMNILZ, FLD
PEARGICR D ES ORBEIEL R OHER
IZE 59 % CyplA2 KU Ugtlal DELTH
BICEENEDSNTZH DD, BAERD
JFER & 7% ES £ 2 DNA [TIHEENDZ
BIIRD NN o, —H. FL ISR
BEEICHES REEOMEEEESIE L.
B % 588 CL3M AR S8 FETE 1 O B Ay 72 14



BRNRD 5N, BREFEZXEZRITEC
DNA BEORIZ4 U/~ DNA BEICH LT

BENBRBAINDETELDIEMD,

AFFETRD 577 FL KK BRREEF
FEME D HERIEA L. MR K 5 DNA #
SIS RE DN X D ES B EAY DNA 0k
WX BEEDBRBANEML 2 Z &I
RTBHDEEZLNZ. THIZ. BHAE
@ EBS Bt 5 THERIZEML 72 G:C-TA
transversion Z B, FL AT ESICLD{EKA
ENSEMLUZEEL FARGERTED
72225875 BN ES R E A9 DNA A ICE R
TEIEERBTEIHDEEZ LN,

(EE 2] TNFETOFEL DFEERNS
KBrO; Vi 1 ¥ E /K 425 B % NFT 14 G:C-T:A
transversion ZEZFERTAHDITH L. Alz
VIR ERFHEEZRI VRN ENHER
ENTWVD, ZOXDIITEBDLNT—2D
BREFHITDHEEZ5ND KBrO; Xidk
NFT & B LRI DNA BEEDAZFEFKT 5 Alz
OB HIC XL D, B Li) DNA 815 K&k U2

REBFREICBITOIEGHEERTL .

FOFEFR, KBrO; XIINFTIZX LT Alz &
BERTBEET S EI2& > T 8-0HAG L)L
DINERICEMNT 5 2 ENERIN, F
7z. KBrO; & Alz OfFREGICL D RET
A XD %D RIZEEIAE DB
5, TET DEEIC 1 EEREEREN
EHECHZEICKDKRERT A XDRE
MBFEINDAREEDNE Z 5N,

2. -
AL TIL. EEREERIDERT OFEN
IWNBOBLREMIERICEZ 52 EEHS
MCTBIEEEMEL. SEHAEZER
I8z gpt delta 7w b ERZIETTAITHBIT
EANTAYA T )Y T T I D invivo BE
FEEZE U7z, E8 1 T, gptdelta T v
NMoEEEE 52, FHKFIZ IQ WX
MelQx Z#&5 LU7MER, 1Q /213 MelQx
BEIIED 2 WITKBIZBIT S gt B
N Spi” MF % ERSH., ZNZNITE#EN
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Abstract The combined effects of various carcinogens
found in food products are a concern for human health.
In the present study, the effects of flumequine (FL) on the
in vivo mutagenicity of 2-amino-3,8-dimethylimidazo[4,5-
flquinoxaline (MelQx) in the liver were investigated.
Additionally, we attempted to clarify the underlying
mechanisms through comprehensive gene analysis using a
cDNA microarray. Male gpt delta mice were fed a diet of
0.03 % MelQx, 0.4 % FL, or 0.03 % MelQx + 0.4 % FL
for 13 weeks. The effects of cotreatment with phenobarbi-
tal (PB) were also examined. Treatment with MeIQx alone
increased gpr and Spi~ mutant frequencies, and cotreatment
with FL, but not with PB, further exacerbated these effects,
despite the lack of in vivo genotoxicity in mice treated with
FL alone. FL caused an increase in Cypla2 mRNA levels
and a decrease in Ugt/b] mRNA levels, suggesting that the
enhancing effects of FL. may be due in part to modification
of MelQx metabolism by FL. Moreover, FL induced an
increase in hepatocyte proliferation accompanied by hepa-
tocellular injury. Increases in the mRNA levels of genes
encoding cytokines derived from Kupffer cells, such as
111b and Tnf, and cell cycle-related genes, such as Cendl
and Ccnel, suggested that FL treatment increases compen-
satory cell proliferation. Thus, the present study clearly
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demonstrated the combined effects of 2 different types of
carcinogens known as contaminants in foods.

Keywords MelQx - Flumequine - In vivo mutagenicity -
gpt delta mouse - Combined effects

Introduction

A variety of carcinogens are produced in foods or have
been found to accidentally contaminate foods. Many stud-
ies have reported the toxicities of individual carcinogens.
Although some carcinogens are known to cause either
synergistic or antagonistic effects (Takayama et al. 1989;
Hasegawa et al. 1991), the effects of many combinations
of carcinogens have not yet been determined. 2-Amino-
3,8-dimethylimidazo[4,5-f]quinoxaline (MelIQx) is a het-
erocyclic amine produced in cooked meat and has been
shown to induce tumors in the liver, Zymbal glands, clito-
ral glands, and skin in rats and in the liver, lungs, hemat-
opoietic system, and colon in mice (Ohgaki et al. 1987;
Sugimura et al. 2004; Nishikawa et al. 2005). The in vitro
genotoxicity of MelQx has been demonstrated, and MelQx
has also been shown to exhibit in vivo mutagenicity in the
livers of transgenic mice (Itoh et al. 2000; Masumura et al.
2003). Recently, we reported that the in vivo mutagenicity
of MelIQx in the liver was enhanced by cotreatment with
carbon tetrachloride (CCl,) in gpt delta mice (Okamura
et al. 2010). These data suggested that the genotoxicity of
carcinogens could be enhanced by injury or inflammation
in the target organs.

Flumequine (FL) is a fluoroquinolone compound with
antimicrobial activity against gram-negative organisms
and has been used in the treatment of enteric infections in
domestic animals and livestock (Greenwood 1998); FL is
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thought to persist in food products made from such live-
stock (Choma et al. 1999). FL induces hepatotoxicity, char-
acterized by hepatocyte vacuolation and inflammatory cell

infiltration, in both rats and mice and induces liver tumors

in mice (JECFA 1998; Pronk 2004). Based on the negative
results of genotoxicity tests, JECFA concluded that FL is
a nongenotoxic hepatocarcinogen and that hepatocellular
necrosis-regeneration cycles caused by hepatotoxicity are
mechanistically relevant to its induction of liver tumors in
mice (JECFA 2004). FL. and MelQx, both of which possi-
bly exist in foods, could be ingested by humans on a long-
term basis. Moreover, given that FL exhibits hepatotoxicity
similar to CCl,, FL indeed may exert additional effects on
the genotoxicity of MelQx.

Therefore, in the present study, we investigated the
effects of FL on the in vivo mutagenicity of MelQx in
the mouse liver. gpr delta mice were given MelQx and
FL for 13 weeks. To clarify the relationship between

changes in reporter gene mutations and molecular mech- .

anisms, mouse livers were used for histopathological
examination, bromodeoxyuridine (BrdU) immunostain-
ing, and analysis of reporter gene mutations (gpt and
Spi~ assays) as well as comprehensive gene expression
analysis by cDNA microarray. In addition, cotreatment
with phenobarbital (PB), a nonhepatotoxic tumor pro-
moter for hepatocarcinogenesis, was examined as a com-
parative control.

Materials and methods
Chemicals

FL, a white crystallized powder (purity: 99.3 %), was
kindly provided by Kyowa Hakko Kogyo Co., Ltd. (Tokyo,

Fig. 1 Body weight and food (g)

consumption for B6C3F, gpt 40 Body weight
delta mice treated with MelQx, —0— Control
FL, PB, MelQx + FL, or —8— MelQx
MelQX + PB for 13 weeks. _;—?,;
o A : | D
Significantly different from = MelOx + FL

control group at p < 0.05 and
0.01, respectively

@ MelQx + PB

30

25

Japan). MelQx and PB were purchased from Toronto
Research Chemicals (North York, Canada) and Wako Pure
Chemical Industries, Ltd. (Osaka, Japan), respectively.
BrdU was obtained from Sigma Chemical Co. (St. Louis,
MO, USA).

Animals and treatments

The protocol for this study was approved by the Animal
Care and Utilization Committee of the National Institute
of Health Sciences. Male B6C3F, gpt delta mice carry-
ing 80 tandem copies of the transgene lambda EG10 in a
haploid genome were raised by mating C57BL/6 gpt delta
and nontransgenic C3H/He mice (Japan SLC, Inc., Shi-
zuoka, Japan). Thirty male B6C3F,; gpt delta mice were
randomized by weight into 6 groups. Animals were housed
in a room with a barrier system and maintained under the
following constant conditions: temperature of 24 + 1 °C,
relative humidity of 55 £+ 5 %, ventilation frequency of
18 times/h, and a 12-h light/dark cycle. The animals were
housed in plastic cages (5 mice/cage) on soft chips (Sankyo
Labo-Service, Tokyo, Japan). Throughout the experimen-
tal period, chips were renewed every 3 or 4 days, and mice
were provided tap water ad libitum.

Starting at 6 weeks of age, gpt delta transgenic mice
were fed a diet containing 0.03 % MelQx, 0.4 % FL,
0.05 % PB, 0.03 % MeIQx and 0.4 % FL, or 0.03 %
MelQx and 0.05 % PB for 13 weeks. Animals in the con-
trol group received the basal diet only. General signs were
observed daily, and body weight and food consumption
per cage were measured once a week. After 13 weeks, all
mice were killed, and a part of the left lateral lobe of the
liver was stored at —80 °C for in vivo mutation assays and
cDNA microarray analysis. At autopsy, the body and liver
weights were measured.

8 ] Food consumption

20

Weeks
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Table 1 Final body and liver weights in B6C3F, gpt delta mice
treated with MelIQx, FL, PB, MelQx + FL, or MelQx + PB for

13 weeks
Group Final body Liver weight
weight (g) -
Absolute (g) Relative
(g/100 g BW)

Control 327 +£3.9% 140 £ 0.15 429 +£0.23

MelQx 354444 1.63 £ 0.21 4.63 £ 0.40

FL 31.1£1.7 1.60 £ 0.15 5.13 £ 0.23**

PB 324+£29 1.57 £0.07 4.88 4 0.30

MelQx + FL 264 +2.1* 1.33£0.10 5.02 +£0.15%
“MelQx + PB 31.7+22 1.64 £0.16 5.20 & 0.47**

* #% Sigpificantly different from control group at p < 0.05, 0.01,
respectively

2 Mean + SD

Quantification of hepatocyte proliferation

In order to examine the proliferative activity of hepato-
cytes, all animals were given BrdU (100 mg/kg) by intra-
peritoneal (i.p.) injection once a day for the final 2 days
before killing and once on the day of killing at 2 h before
being euthanatized at autopsy. For immunohistochemical
staining of BrdU, after activation of the antigen by auto-
claving, tissue sections were treated with rat anti-BrdU
(AbD Serotec Inc., NC, USA) diluted by Dako Antibody
Diluent (Dako, Glostrup, Denmark), followed by incuba-
tion with a high polymer stain (HISTOFINE Simple Stain,
NICHIREI, Japan). At least 2,000 hepatocytes in each liver

BrdU-LIs (%)
w

PB MelQx + FL MelQx + PB

Control MelQx

Fig. 3 BrdU-LIs for hepatocytes from B6C3F, gpt delta mice treated
with MelQx, FL, PB, MelQx + FL, or MeIQx + PB for 13 weeks.
Values are the mean + SD of data for 5 mice. ** * Significantly dif-
ferent from control and MeIQx groups, respectively, at p < 0.01

were counted, and labeling indices (LIs) were calculated as
the percentage of cells positive for BrdU incorporation.

In vivo mutation assays

The 6-TG and Spi~ (insensitive P2 interference) selec-
tions were carried out as previously described (Nohmi et al.
1996, 2000). Briefly, genomic DNA was extracted from
the liver tissue, and lambda EG10 DNA (48 kb) was res-
cued as the lambda phage through in vitro packaging. For
6-TG selection, the packaged phage was incubated with
Escheichia coli YG6020, expressing Cre recombinase, and
converted to a plasmid carrying gpr and chloramphenicol

Fig. 2 Histopathological features in the livers of B6C3F, gpr delta

mice treated with MelQx, FL, PB, MelQx + FL, or MeIQx + PB
for 13 weeks. Note that no obvious alterations (MelQx group),

centrilobular hypertrophy of hepatocytes with vacuolation (FL. and
MelQx + FL groups), or centrilobular hypertrophy of hepatocytes
(PB and MelQx + PB groups) are evident. Bar represents 200 um
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Table 2 gpt mutant frequencies '

° ! Group Animal  CmR colonies  6-TGR and Cm®  Mutant frequency ~ Mean =+ SD
(MFs) in the livers of B6C3F, no. (x10% colonies (x1079) .
gpt delta mice treated with
MelQx, FL, PB, MelQx + FL, Control 1 26.7 4 0.15 020 +0.12
or MelQx + PB for 13 weeks 2 125 3 0.24
3 26.7 2 0.07
4 1.7 0 0.00°
5 26.2 9 0.34
MelQx? 6 0.7 3 433 547 +2.03
7 32 18 5.56
8 3.5 10 2.85
9 23 19 8.18
10 31 20 6.44
FL 11 25.6 7 0.27 029 +0.15
12 20.2 8 0.40
13 20.4 10 0.49
14 224 4 0.18
15 79 1 0.13
** Significantly different from PB 16 26.6 4 0.15 0.24 +0.12
control group at p < 0.01 ' ’
PR . 17 172 7 0.41
Significantly different from
the MelQx group at p < 0.05 18 23.9 7 029
# For mice treated with MeIQx 19 18.5 2 0.11
alone and for cotreatment 20 224 5 0.22 .
groups, gpt mutants were MelQx + FL? 21 3.0 21 7.11 11.92 & 6.26%+#
analyzed only on one selected 29 34 37 10.93
plate whose colony numbers
were closest to the average 23 5.1 28 5.51
number of 5 plates, and MFs 24 1.9 29 15.06
were calculated using the 25 1.0 20 20.96
packaging efficiency values a
(CR colonies) divided by 5 MelQx + PB 26 5.7 5 0.88 2.57 £2.60
b Data of animal No. 4 were 27 32 7 217
excluded for the calculation 28 53 7 1.32
of the MF because of the poor 29 23 3 1.33
packaging efficiency of the’ 30 13 9 714
transgene . )

acetyltransferase. Infected cells were mixed with molten
soft agar and poured onto agar plates containing chloram-
phenicol and 6-TG. In order to determine the total num-
ber of rescued plasmids, infected cells were also poured
on plates containing chloramphenicol without 6-TG. The
plates were incubated at 37 °C for the selection of 6-TG-
resistant colonies, and the gpt mutant frequency (MF) was
calculated by dividing the number of gpt mutants after
clonal correction by the number of rescued phages. To char-
. acterize gpt mutations, a 739-bp DNA fragment containing
the 456-bp coding region of the gpt gene was amplified by
PCR as previously described, and the PCR products were
analyzed with an Applied Biosystems 3,730 x 1 DNA Ana-
lyzer (Applied Biosystems Japan Ltd.). For the group of
mice treated with MeIQx alone and for cotreatment groups,
gpt mutants were analyzed only on one selected plate based
on the assumption that the colony number on the selected
plate was closest to the average number of 5 plates, and

@ Springer

MFs were calculated by the packaging efficiency value
(CmR colonies) divided by 5.

For Spi~ selection, the packaged phage was incubated
with E. coli XL-1 Blue MRA for survival titration and E. coli
XI.-1 Blue MRA P2 for mutant selection. Infected cells
were mixed with molten lambda-trypticase agar plates. The
next day, plaques (Spi~ candidates) were punched out with
sterilized glass pipettes, and the resulting agar plugs were
suspended in SM buffer. In order to confirm the Spi~ phe-
notype of candidates, the suspensions were spotted on 3
types of plates containing XI.-1 Blue MRA, X1.-1 Blue
MRA P2, or WL95 P2 strains and were spread with soft
agar. The numbers of mutants that made clear plaques on
each plate were counted as confirmed Spi~ mutants. The
Spi™ MF was calculated by dividing the number of Spi~
mutants by the number of rescued phages. For the group
of mice treated with MelQx alone and for the cotreat-
ment groups, confirmation of Spi~ phenotype candidates



138unadg @

“Table 3 Mutation spectra of gpr mutant colonies in the livers of BO6C3F; gpt delta mice treated with MelQx, FL, PB, MelQx + FL, or MelQx + PB for 13 weeks

Mutation Control MelQx FL PB MelQx + FL MelQx + PB
Number Specific Number Specific Number  Specific Number  Specific Number  Specific Number  Specific
(%) mutation (%) mutation (%) mutation (%) mutation (%) mutation (%) mutation
frequency frequency frequency frequency frequency frequency
(x107%) (x107%) (x107%) (x107% (x107%) (x107%)
Transversions
GC-TA 48(222)  0.034£005* 36(514) 2854077 6(200) 005+£005 6(40) 0054006 74(54.8) 6.90+436%# 16(51.6) 1.21+1.15
GC-CG 0 0 2(2.9) 0.15+0.21 1(3.3) 001£002 1340 001002 2(15) 0.14 £0.23 1(3.2) 0.04 £ 0.08
AT-TA 1(5.6) 0.01 +0.02 3(4.3) 0.19+028 0 0 0 0 503.7) 0.48 £0.34* 0 0
AT-CG 0 0 1(1.4) 006+0.14  2(.7) 002003 O 0 0 0 Q 0
Transisions
GC-AT 9 (50.0) 0.08 £0.05 2(2.9) 035+£063 9(30.0) 010£006 13(520) 0.13+£0.11 118.1) 0.7740.83 7 (22.6) 0.67 £0.98
AT-GC 0 0 0 0 3(10.0) 003+003 3(1200 003003 O 0 0 0
Deletion
Single bp 3(16.7) 0.04 = 0.07 22(314) 155+124 6(200) 006+006 2(8.0) 0.02 £0.03 37(274) 3.14x136%*%  5(16.1) 0.50 + 0.63
Over 2 bp 0 0 114 009+£019 2067 0024+003 0O 0 1(0.7) 0.21 +0.47 0 0
Insertion 0 0 2(2.9) 0.15+0.21 1(3.3) 001+002 0 0 2(1.5) 0.12+0.26 1(3.2) 0.06 +£0.14
Complex 1(5.6) 0.01 £0.02 1(14) 009+0.19 O 0 0 0 322 0.16 +0.26 13.2) 0.09 £0.20

# *# Sjgnificantly different from control group at p < 0.05 and 0.01, respectively

# Significantly different from the MelQx group at p < 0.05

# Number of colonies with independent mutations

® Mean + SD
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Table 4 Spi~ mutant . o
frequencieg (MFs) in the livers GrouP_ ::mal ;’(lﬁ?;l%slr;ﬂnn ‘I:,lii;ﬁl: * If\r/leuqtzrel;cy Mean & SD
of B6C3}?, gpt delta mice MRA (x10%) WLI5 (P2) (x10™5%)
treated with MelQx, FL, PB,
MelQx + FL, or MelQx + PB Control 1 34.6 8 0.23 0.15 + 0.07
for 13 weeks 2 14.9 1 0.07
3 494 8 0.16
4 6.0 2 0.33
5 21.1 3 0.14
MelQx? 6 32 4 1.27 3.53 £1.97*
7 57 12 212
8 73 24 3.28
9 9.6 58 6.07
10 12.0 59 491
FL 11 39.8 6 0.15 0.17 £ 0.03
12 25.6 5 0.20
13 313 5 0.16
14 41.4 6 0.14
15 20.2 4 0.20
PB 16 46.6 7 0.15 0.20 £ 0.09
17 457 8 0.17
18 30.4 4 0.13
19 17.3 6 0.35
* #% Significantly different . 20 32.9 7 0.21
,f,riné,t(})? gggtg’é I%Tfe‘;';:étively MelQx + FL* 21 49 27 5.48 7.66 £ 3.02%%
# Significantly different from 22 35 30 549
the MelQx group at p < 0.05 23 8.0 43 540
@ For mice treated with MelQx 24 6.5 70 10.80
alone and for cotreatment 25 4.0 44 11.11
groups, confirmation of Spi™ MelQx + PB? 26 72 3 0.42 172 +1.74
phenotype candidates was 7 57 4 071
performed only on the first of 2 .
plates, and MFs were calculated 28 83 7 0.84
using the packaging efficiency 29 6.0 12 1.99
values (plaques within XI-1 30 30 14 464

Blue MRA) divided by 2

was performed only on the first of 2 plates, and MFs were
calculated using the packaging efficiency value (plaques
within XL-1 Blue MRA) divided by 2.

RNA isolation

The livers from all animals were soaked overnight in
RNAlater-ICE (Applied Biosystems/Ambion, Austin, TX)
at —20 °C, and total RNA was then isolated using RNe-
asy Mini Kits (Qiagen GmbH, Hilden, Germany). The con-
centration and quality of total RNA were analyzed using
a UV-VIS spectrophotometer (Nanodrop ND-1000, Nan-
oDrop Technologies, Wilmington, DE, USA) and an Agi-
lent 2100 Bioanalyzer (Agilent Technologies, Santa Clara,
CA, USA).
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cDNA microarray

In 3 mice from the control, MelQx, and MelQx + FL
groups, purified total RNA was labeled with cyanine-3
dye using a Quick Amp Labeling Kit (Agilent Technolo-
gies). RNA concentration, dye incorporation, and quality
were analyzed using a UV-VIS spectrophotometer and
an Agilent 2100 Bioanalyzer. Fluorescently labeled cRNA
was hybridized to Agilent 4 x 44 K whole mouse genome
microarray gene expression chips following the manufac-
turer’s protocol (Agilent Technologies). Hybridized micro-
array chips were then scanned using an Agilent Microarray
Scanner (Model G2565BA, Agilent Technologies). Feature
Extraction software (Agilent Technologies) was employed
for imaging analysis and data extraction processes. Using



