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Fig. 3.

PCNA-LIs for hepatocytes (A) and changes in mRNA levels of cell-cycle related factors (B) in
the residual livers of F344 gpr delta rats treated with ES or AA (n =5). Values are means + SDs.
*, ** Significantly different from the control group at P < 0.05 and 0.01, respectively.
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Fig. 4.
Representative photographs of PCNA immunohistochemistry in the residual livers of gpt delta rats
treated with ES and AA.
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Table 1. gpt MFs in the excised livers of F344 gpt delta rats treated with ES, AA, BNF and BT.
Animal Cm® colonies  6-TGRand  Mutant frequency
Treatment No. (x 105) CmR colonies (x 10%) Mean * SD

101 5.00 1 0.20
102 4.10 3 0.73

Control 103 3.74 4 1.07 0.71 £ 0.37
104 7.88 4 0.51
105 4.77 5 1.05
201 437 11 2.52

202 4,10 17 4.15 %

ES 203 4.77 18 3.77 3.04 £ 1.00
204 4.46 14 3.14
205 3.06 5 1.63
301 423 7 1.65

302 3.29 6 1.83 .

AA 303 7.70 17 221 2.34 + 0.65
304 4.46 14 3.14
305 4.55 13 2.86
401 6.44 3 0.47
402 5.36 2 0.37

BNF 403 3.15 S 1.59 0.75 = 0.53
404 5.18 5 0.97
405 5.31 2 0.38
501 437 9 2.06
502 437 2 0.46

BT 503 581 4 0.69 1.22 * 0.65
504 4.50 7 1.56
505 3.78 5 1.32

** Significantly different from the control group at P <0.01.

19



2015/5/28

Table 2. Mutation spectra of gpt mutant colonies in the excised livers of F344 gpt delta rats treated with ES, AA, BNF and BT.

Control ES AA BNF BT
Number Mutation Number Mutation Number Mutation Number Mutation Number Mutation
(%) frequency (%) frequency (%) frequency (%) frequency (%) freq}mncy
0% (107 ’ (107) (10°)
Transversions
GC-TA 8 (47.1) 033+024% 13(200) 060+033 6(10.5) 023+028 4(23.5)015+021 9(33.3) 040£0.19
GC-CG 1(59) 0.05+£0.12 5(7.7) 023023 0 0 1(59) 0.06 £0.14 2(74) 009%0.12
AT-TA 0 0 4(62) 0.18=x0.19 34(59.7) 139+032** 1(59) 004+009 1(3.7) 005%0.10
AT-CG 0 0 3(4.6) 0.16*0.15* 0 0 0 0 0 0
Transitions
GC-AT 6(353) 026 +£0.16 17(262) 0.80x042 7(123) 029%024 6(353)029=%+039% 10(37.0) 046 %030
AT-GC 0 0 20(30.8) 093 +039* 2(35) 0.11=%0.15 0 0 1(3.7) 003%0.08
Deletion
Singlebp  2(11.8) 0.07 £0.10 3(46) 014022 8(140) 032%057 2(11.8)007 %010 4(14.8) 019%0.19
Over 2bp 0 0 0 0 0 0 1(5.9) 0.04 £0.08 0 0
Insertion 0 0 0 0 0 0 2(11.8) 0.10 £ 0.15 0 0
Complex 0 0 0 0 0 0 0 0 0 o]

2 Number of colonies with independent mutations. ® Mean  SD.

* ** Significantly different from the control group at P < .05 and 0.01, respectively.

20




EFBRENRBHEE (BROZEHEIEETREE)
Wik 26 F£E  SHFRREE

BETINMEIZBT 2 BEFE - BOAMOEHEENHRRIEORBICET 2%
SIARTFRE - BRI BT 2R EEE - BOAMEOEHOENRRIEORRE

RHEE BN KBS EYEERLELEEFRER FELD

MRES

ABFFED B, gpr delta 7 v MIFAIBHEEZEE L, TORMHEEZ BT gpr assay

2TV, FEBRERICERNRAL =V —4 Y E P BEEENRE LT, RBRKTH
DEFBICB W CHIIEEERE ORBMEGENRIT 2 £+ 5 2 & T, BigcBiT 58E
BHEBIUOBRAEEZRABICRETEZ EOTEAH LW TN AMERRIELERTS
TETHD, KEEIT, BRBETEPAYE & LT aristolochic acid (AA), EBREHMEE
FENAM'E & LT potassium dibasic phosphate (PDP) 33 & O phenylbutazone (PBZ), KT v
MNEFBERDPAME L LT dlimonene (DL) %MV, MEEE COMEIC L VB LIE
B0 b a— W X DFHRBRIEOF IS OV TIRIE Lz, AA BT, HBICEBIT S
gpt assay (\CRW T gpt BEGEHEE (MF) OFEBEREERAL LN, BEBICBY 3 REAER
FRRATICB WO CIRTEEIEREOF B2 EMARD bhviz, PDP #E X PBZ BTk
gpt assay I 2BV T gpt MF D ERIEH BRI 8, BEBC B CIEATES QEFK@%‘
SRR NI, £72 PDP HTIL, BEBICBVWTEOERNAMFICES T &
SN HEMRMEIZI T 2 RKILENRD b, DL BT, gpt assay (BT gt MF
DEFIFTH LT, BEBFCBOTHAEEEREOEIMTIA bR, YEDORER
i R b - VIS CER L FRRREOFE AR ER L TWA b0 LEX bk,

ARBIETITBRICRIT S in vivo EREMR L OERA T 0T — 3 VEELZFEICR
HIT DI ENTE, SHICMOBPAICEET 284 DT A~ OREEEAEDES
TET, KVFEMLRRENABFEOZERLTREL 2P BB b, £ wu-globulin &
IEZ I L7 BB AL b~OSERII 2 W), T v P ERWAARRETIZIZD
AR REERECE D2 L bRENT,

FLHBY ORFBIIRHOBRSHAMBLETHD |
BRI RPICEERMICRET  IROFEEGRESEZED D &, BKT
HIEGE DS OMERIL. BOLRD - fliE CIEETLI~MERZET S, ZhE

BREEEROENHOEELRMETH D, BE, T, BB AT MR OEMEZ BRI
TolEELAVWERRICE T, ¥0F £, BEERNSAME DS RITREEN
o EBAMEERRETT 28, HICBNAME ELTWAZEEZERLT, 7 v MNFHH

- 21




BEBRAMRREPAE I TS, LiL,
HIRE IR & T 2 REEDS AME IR
KNTENCHEP LT, BigickiT 5%
Ak - PEARN AERBRIBIIINE TH
RENTHRLY,

—F. {EROBEEMERRIL, invitro T
DERERERAR, LEEKERFTARED
in vivo D/NMERROIBZIER 2EHE DR L
LTERmINTWS, LML, REEFA
HRBEERE OB LITLIEELCH R E
ORBERLEH I TS, F, in vivo
AERBRTRET DM - ERITIRLKRK
OEBHICRE I NLH72D., B AZEREEE
B DB EEES S OREERICRIRL
TWANTRAZRA b H D, IR I
VR— & —BEFEABYE, LFEBRED
AERNTOEREEL R L, FEHBSRICBIT
PRBEEEFRETEIRELTERSN
TW5, FIZUR—F —ERTFE LT got
72 BTN red/gam DIEAS LTS gpt delta
T v M gt BlaFEOREARERIIMZ
T, red/gam L DORKRERZHHERI HBHT
XBHZEERFIELELTND,

AHFFE Tlid. gpt delta 7 v MM EIERH
BHEL., BHBICBW T invive BEREMER
BEEBEL, BEMAA =V —F —M0LE
L= BRFB ICBWCHIIEE MR E DOREE
PO ER T2 2 & T, BB
% in vivo ERFMR J RS AMZ FERFIC
BRETHZEDOTELFHLWETRHRRER A
HAREEZRRE L, BEREZEN LTI 6H
FRPAME ZHEHICREL, BRROR
ERECEMRTAIZCEEENET S, &F
Eix, B0 BREEBERENSAME, FE
BEEBRDPADELBIVHES v MEEB
EBRABMEERV, EEEE TORRICL

22

RIS L HERE T 0 b a—Uis X A ETERR
BRiEDE I DWW THRIE L 7o,

B. #FFEFIL

6 B DMENE F344 TR gpt delta 7 v B (B
A SLC) WEBEEEBERERVADEL LT
aristolochic acid (AA), HET v MEEE M
AE & LT d-limonene (DL) ZFhFh
0.3 mg/kg AREE L1600 mgkg REDHAE
T 7 [, EARORE L, FECEEY
ENAMYHE & L T potassium dibasic
phosphate (PDP) 33 & TF phenylbutazone (PBZ)
% Z 1 50000 ppm 8 & T8 2400 ppm D
ECERERE L, ThENOEBRYEL
4 BRERE Ulctk, BREL Fir U CHERE
44 6 WEI#1Z DEN % 40 mghkg KEDHE
CHEEEANEE L, DEN #580%E
RO MRS R R E 2B X DT,
DEN #5 0 48 RefHIRTIC IR R %2 £
L, TR L 0ELONEREE LY S/ A
DNA %t U C, gpt assay & £ L7, DEN
w5 1 BMRICERMEORELHERL,
RERBELE 19 BHH% I e & B - FEFI LT,
BEBRPBER L., BEBROYV VI VER
WTHEIRIZEW ST 7 ¢ EREERL
TREM RN R EE L7, WEMARE
ROBRATIZ I\ TIE, atypical tubule (AT) 3
X O atypical hyperplasia (AH) % RIMEAIE
BEMRELL (Fig 1), TOREHEER L
D EERS Y OREREEES L,

(fEEm~DERE)
ARBRIT (EYEESELEEFETEDY
EROBIERERICETA2HE) KEIE,
B ERHEELFERL. EXEELES
BENEFIVERZESCLHEFEER
e, EHE L7z, £, DNA HLEZE



MOERICOWTY, TErEEL A EE
MEFTEE PR X ERESEESA I
T, BEFEB L ERFEELERL.
BEEZT,

C. kR

OIRBIIT B gpt assay DFE R % Table 1
IR, AA BIZBW TR i LT
gpt BEREHE MF) ODFEERLEER RS
Nic, BRARY NT MMBITIZEVTIX
AA BEICBWTHREE & LB LT ATTTA
transversion EEFEEDOFER LAR K DI
7o (Table 2), JRERARRRFAOARITICL VEH
LT RIEEEREORAREL I 1 Bk
HI Y ORAEFEEE Fig. 2 IRT, AA BER
L OPDP B BT A RAHEER LV 1 EE
BTV DRAEE, PBZ BICRITS 1 B
STz OREBHEPRIREICHL L TEER
EEZR L7z, PDP #B X DL HOEE
FHEEORENL2EREE Fg. 3 ITFRT,
WEALRAME BRI 2 B/IKE 3 PDP B
R WTH LN, DL # TR LRI
BT az-globulin DEEZ R T 2 4FERME
T OWLEILRD b o iz,
D. B
REET, BRRICBIT 28EEE - B8
AEDPHEENRBREORED LD
TEx DBEERBRAME w T, FEEEE
TOPFIC KX VBT LIERET 0 fa—v
EZRWTEHRRREOT AR LT,
BLEEBRSAMETHD AA 1L, T
v MEEIZ BT deoxyadenosine A0k %
E&T5AAREMNDNAMINKEFER TS
EVWISRENRDH D, BMEBICRITD gt
assay DFER, AA BEIZRBWT gpt MF DB E

23

REFBHZ O, BERARS N AEITIC
BUWTiL AT-T:A transversion BEBEEDEF
BREARHONT, T bDFERIE, AA
¥ B deoxyadenosine FHAINED & {mF 225K
TRIZFEELTWAREEERL TN L
EZZ2 b, gpt delta 7 MI{LEHED
in vivo ERFMEOFMOA TR, HEE
i BRTERLEOMESRERETDHZ &
WOWTHFRATHLZEBINE TITR
SHTW3, E>T, FRBRIEIZBNTYH
RHBESCRES A LEREBRREY
DNA fIIMEOHHRERET S Z itk -
T, BREBERFY I VFRICRE TS 2
EHFRETHDEEZ DN, £, BE
B BT 2R FAIARAT Cid, AA BRI

BOWCHTEBMREOFEELREMARD 5
N, TORERIT AA OB uE—3 3 U
AERBLTWA LD LEX BT,

PDP B L NPBZit & bicHBEEEMEA D
ZALZEY Ty FEIRICBWTENAM
ERTIERMBNTVWS, ABFFETIE
PDP 333 X OV PBZ B2\ T gpt MF © k
FEARDOENL-2T2b DD, RMATITIE
BHERENFECHEML TN I &b,
ARBREIIEECEEBERRA S0 —4
—WEOBRHICBERTHDZ EBNREN
72o 72, PDP BEFEICHB W CIIILALRM

EIZBIT A RRILEBRD bz, PDP I

FIRIEBIC LD RMEODEELB L OEA Y
TR, MPEETEERERET AL
BEISN TS, Lo TARREICENT
i, ATEEMEREORITICMA TE 5
MR RBAEN R ERTHZ LT, BRAM
FIZET230625F80%5EB5 2 L HEE
ERB I EBRRINT,

DL iLEALRMAE I

B BT D az-globulin @



EREMNL. BT v MEREWITERERBAM
ERTIENPHOENTND, AFRIZBD
T DLETiZgor MF O EFIZH BT,
AIEBEMEREOEMbIRO b Rdo Tz,
FEBREBICRV T, B REE LRI
BT ogp-globulin DI % RT3 17 ERE
TR OILEILRD biviznoTz,
oau-globulin BE & M U7 R AL b
~ONFREL N0, T v P ERWD
ARRETIIZ ORBERFRLERTE D
ZEBRRENE,

U EORERT, BT ha— L AN
EARBRIEOFAMEXRTILOEEL
b, £, ARREICBWTIHLFEY
EOFIBZBIT 5 invivo BEEBEMR LU
BATaT— a VEEOFHBICML, %
MANCEET AREX D/3T A —F Bk
RTHZEWCEY, ZVFEMRRDAME
DT HRIEEE B T DR E T,

E. #

ERIZBT 2 EEENE - BRAEO B
TRERIRBRIE S LT gptdelta 7 > &AW
7= invivo BEEMER I OFN AN %2 R
RO FRERFTREAREORRE L BEEL.
fEx DEEMENAMELIREET 0 ha—
WK DFRBRIEICEA L CREE L2 R.
ZOFBENEFR S, Sbic, ARR
EIZBWTL invivo BRFMER L ORI A
Tue— g UIEEOFEICIZ, BHBA
[CEET AT 2 DT A —F BBIIRET
DTLICED, ZVFEMRERAMFEOE
BRFRELRDIIENEBZI BN, -
ou-globulin BREZ M L2 HEBAMAFITE b
~ONEEITZ RS, T NERAWS
ARBRIETIIZOBBHERER L ERTE S

24

ZELIRENTE,

F. fEEARER
e L

G. WFEE

G-1. FERER

1 TR, FHEZ &AM, EHEE,
KREER, BEESE. NIAEF, BFE
H VRS —BETFEAT y FEAVWE
HABERERPNAVERBETVOBRE. BAR
EMHFEE 40 ERE (B, 2013, 06)

G-2. ERWX

1. Kohei Matsushita, Yuji Ishii, Shinji Takasu,
Ken Kuroda, Aki Kijima, Takuma Tsuchiya,
Hiroaki Kawaguchi, Noriaki Miyoshi, Takehiko
Nohmi, Kumiko Ogawa, Akiyoshi Nishikawa,
Takashi Umemura: A medium-term gpt delta rat
model as an in vivo system for analysis of renal
carcinogenesis and the underlying mode of

action. Exp. Toxicol. Pathol. 2015; 67; 31-39.

H. 5neOBfEERED HFE - BERT
2L



2015/5/28

Fig. 1.
Representative photographs of atypical tubule and atypical hyperplasia. HE stain.
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Fig. 2.

Incidence and multiplicity of renal preneoplastic lesions in the residual kidneys of female F344 gpt delta

rats treated with AA, PDP, PBZ and DL (n = 14-15). Values of multiplicity are means &+ SDs.
* %+ Sionificantly differentiated from the control group at P <0.05 and P < 0.01, respectively.
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Fig. 3.

Representative photographs of the residual kidneys of female F344 gpt delta rats treated with PDP and DL.
Calcium depositions were observed in the proximal tubules of rats treated with PDP (arrow head). There
were no hyaline droplets.indicating accumulation of a,,-globulin in the proximal tubular epithelium in DL-
treated rats. Arrows represent preneoplastic lesions in renal tubules. HE stain.
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Table 1. gpt MFs in excised kidneys of F344 gpt delta rats treated with AA, PDP, PBZ and DL

Animal

CmR colonies

6-TGR and Cm®

Mutant frequency

Treatment No. x 109 colonies x10%) Mean =+ 8D
101 3.69 2 0.54
102 10.04 3 030
Control 103 8.91 2 0.22 0.43 £ 0.22
104 9.50 3 0.32
105 7.92 6 0,76
201 374 4 1.07
202 6.89 5 0.73 : %
AA 203 5.54 10 1.81 1.20 = 0.42
204 621 6 0.97
205 635 9 1.42
301 5.90 1 017
302 477 5 1.05
PDP 303 747 4 0.54 0.57 £ 0.32
304 6.39 4 063
305 621 3 048
401 5.49 3 055
402 536 1 0.19
PBZ 403 743 2 027 0.48 & 0.32
404 779 7 0.90
405 3.56 0? -
501 513 4 0.78
502 441 1 023
DL 503 693 5 0.72 0.47 = 0.29
504 7.16 1 0.14
505 621 3 048

** Significantly different from the control group at P <0.01.
2 No mutant colonies were detected on the plate, with this data being excluded from the calculation of MF.
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Table 2. Mutation spectra of gpt mutant colonies in excised kidneys of F344 gp¢ delta rats treated with AA, PDP, PBZ and DL

Control AA PDP PBZ DL

Number Mutation Number  Mutation Number  Mutation Number  Mutation Number  Mutation

(%) frequency (%) frequency (%) frequency (%) frequency (%) frequency
(10% (10%) (109 (109 (10%)

Transversions

GC-TA 1(6.3)" 0.02 % 0.05° 3(88) 011£0.12 5(249) 017x014 2(11.8) 006x0.10 3(214) 0.11%0.17

GC-CG  2(125) 005 0.1t 1{29) 0034007 2(i1.8) 008=x0.18 0 0 0 ‘ 0

AT-TA 0 0 12(353) 043£039% 0 0 1(59) 002004 0 0

AT-CG 0 0 2(59) 006%0.14 0 0 0 0 2(143) 007%x0.10
Transitions

GC-AT  11(68.8) 031017 8(23.5) 028008 6(353) 018015 10(588) 028013 5357 0.17+0.11
AT-GC 1(63) 003006 4(11.8) 013014 1(59) 004008 1(59) 002004 1(7.1) 003+ 0.07
Deletion

Singlebp  1(63) 002=%005 3(88) 010014 3(176) 009009 3(176) 010010 3(21.4) 0.09=%0.14

Over 2bp 0 0 0 0 0 0 0 0 0 0
Insertion 0 0 1(29) 005%0.12 0 0 0 0 0 0
Complex 0 0 0 0 0 0 0 0 0 0

2 Number of colonies with independent mutations.
b Mean * SD.
* Significantly different from the control group at P < 0.05.
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Fig. 1 Number and area of GST-P-positive foci for SD gpt delta rats treated with 2-MF
for 13 weeks
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Fig 2. Mutant frequencies (MFs) of SD gp¢ delta rats treated with 2-MF for 13 weeks
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