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ERRUELGERILEED

> EF (arsenic, As): $ERBITET, Bf, K, TEBRUVXKICIESEETS

> EROHDE

1. BRERIRE, 56, RED=EDRRKE

2. EHBERLELEY
3. HHERLLED

REERLESED

Arsenic trioxide

Arsenous acid
(Arsenite)

Arsenic pentoxide
Arsenic acid (Arsenate)

As,O,
Aslll

As,O;
AsV

FHRERLESY

Monomethylarsonic acid
Monomethylarsonous acid
Dimethylarsinic acid
Dimethylarsinous acid
Trimethylarsine oxide
Dimethylmonothioarsinic acid
Arsine

Arsenobetaine

Arsenosugar

Arsenolipid

MMAY
MMA!
DMAY
DMAIl
TMAO
DMMTA
AsH,
AsB
AsSug
AsLipid
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ERXRDEM

> ERODBHEITIEEZRREBPLILFBEDENICIYELS.
IO RIZHEITEHEZEOLD,,
- As,0,:39 mg/kg
- MMAV: 916mg/kg
- DMAV:648mg/kg
- AsBe:10g/kg
> ERERESY>ERERLEEW. 3MER>SMER
> ERICKDEMERBEDIFZLALTEBERDIIENRE
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AMERPED LI, REERVOERERNEALEREDD
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3. FEREDAILE

BRIAE-BX y=:Kl 3



BRI E CGEERERE-2)

> MEESE:
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> FIARTERFEEZE
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> BSUERE:
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HLAREDEGERPHFEEH

> FRAKERIILIDEEH (19555)
SLETEETERNEASH, 1302 HFET=L 12000 A HIHE
#2(+1=

> BIFRTBAMRX(1972%F) - EBRE, AR DIEHEER

hEfE (19744F)

ERMBUICLSEBEERDPSET. 2FEEERFEDIE

Ex2(+1-
> MIMUEFREZH(19984F)

HARsOERYTHEERISAL—ITEASN. 4ANTELT,
BBANREERPEICEoT=,
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= Kidney
210
©
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é’ _m Lung
Liver

0 200 400 600 800 1000

HFPKBPERREE (uglliter)
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ERDENAEDEE

International Agency for Research on Cancer
(IARC, 19874F)

EEHICERZEERBAD
HRERIXBPETHS

:

EEBRMIHITIERDEDLAKE
[TEFZBARE TN,

BMETIVICKSEDS AR
MIFHE

B LEDBEMA A iHtA LD ERER
RO HEMETT
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iAsV iAsT MMAY CH,
I
HO—-As—OH
MMAL
cH cH cH
H,C— Aﬁs— CH, &= H,C-As-OH {&=== H.C- Ahs— OH
o o
TMAO DMAL DMAY
iAsV: arsenate iAsI: arsenite MMAY: monomethylarsonic acid MMAZI: monomethylarsonous acid
DMAYV: dimethylarsinic acid DMAZI: dimethylarsinous acid TMAO: trimethylarsine oxide

i3y Jme JOR A e
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EXRESVOBEMRICHITSEE

AsY As' MMAY | DMAY | TMAO AsBe
st +++ ++++  ++ + + —
%A + — ++ + + + + _
AfSER R — — — + + + + -

ZRRE
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0
|

DMAVD E M AEMER DK
(7‘yl~==‘ 1 Z R RN AERERE)

5 30 weeks

| | // ]

Initiation with five carcinogens

DMBDD DMAY: 0, 50, 100, 200, 400 ppm in the drinking water

Target organs of DMBDD (DEN, MNU, BBN, DMH, DHPN)

DEN: Liver, kidney; MNU: Forestomach , mammary gland, urinary bladder, thyroid
BBN: Urinary bladder; DMH: Intestinal tract; DHPN : Lung, kidney, thyroid

Enhancement of carcinogenesis by DMAY (v.s. 0 ppm DMAV group)

Liver ' ' '
sadder A8 AN A% 11
11
LI

Kidney
Thyroid
Others < &= = N

(DMAY, ppm) 50 100 200 400 5




DMAD BERt MR A EMH{ER DR ST
(Y ZERBEBERRNAETIVL)

9 :1 3? wks
S
Groups 1-6 Vv
(20 rats each) BBN DMA s 0, 2, 10, 25, 50, 100 PPmM
Animal: Male F344 rats, 6-week-old Tumor
Papilloma Carcinoma (papilloma + carcinoma)
3 p< 0.01
E * Significantly different from 0 ppm group
~ *
2 p< 0.05 —
o
) 2 — * p<0.01
2 ‘ —
) * M *
© p< 0.001
g — p< 0.01
2 4 _ _
‘© *
o' *
] |_| H
0o 101= ﬂ e |—| H [ ]
10 25 50 100 10 25 50 100 o0 2 10 25 50 100

DMA" (ppm)



DMAY DEEBLHE N ATEDRERA
0 2EBRINAERER)

I EEEESES—SS— — — — ——————__—_——————_——_—__—_____—_—_—_—_—.—~,

104 Wks

DMAY (0, 12.5, 50, 200 ppm in drinking water) |

Animal: 10-week-old, 144 male F344 rats

Macroscopic view of urinary bladders

Incidence of urinary bladder tumors

DMAY Incidence(%)

(ppm) Papilloma Carcinoma Total
0 0 0 0
12.5 0 0 0
50 2(6) 6(19°  8(26)"

% %

100 2 (6) 12 (39) 12 (39)

*: Significantly different from 0 ppm group.

17



18

(1)



19

(2)



20

(3)



21

(4)



22

(5)



ER DM AR
(IARC, 20044F)

EFMICERIIERER EEF W=+ BDMAVD
MADERBERTAE < 3ptA LR

:

EHEREEFNDEBAA . DA, BERESAEDER
BE#RzR2OHHFMZET T,

BAANBERICERT 28 ABEREN EEINET L/ A —
BEUVT L E/IEYRGEDERERIESPITH T ERLMFEIE+45 THL
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7Lt/ ai—(AsSugs)

« Pt/ oafi—% BEESHEE> &
REOEREIRICZ{EEND o CH,

o R

0= AS -CH, 1
Y \Q/ CH;~As=0
% CNFETAsSugsTDHLDIZTDNTIEHEHEMN A OH
BN EERESNTET-

DAFILE127E DAFILT IV VB (DMAY)
< LML, AsSugsD KB DABIETD CH, - E;Hz o R CH,§
fERIZ DOV TIXBIS A TALY cHs Q om0
OH OH fcs&# ’
< AsSugsDKEBAHITHIRDIBZEMNZL, MIAFLEEAE RUAFILTFILOUEFOR
REORERHMOHE, FH, (TMAO)

REERETOTIREMEERFI-GLHE
RGN TELEVRRIZHS
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7Lt /)EYE (AsLipids)

(o]

< AsLipids(Z. [ BRSO RRHILE cH20-&-R!
ET. BEDEN-ERENICEET LT L3
BEh3 N ore

» WESOBEABHONTNELO, o | cH,
ZDENEEERTICE>TULVLY H3 Ao\ AAANAANANAN ol Ase 0

% DMAY, TMAOD & AT BENS I NSO T

o UNLESD, ChoRBIBEARBRBETS -
J. ZOREMITDNTHRIZEE AL RE o ] o
ShTLVEL orio £ o om0

¢ MEORENGC REORAHOSHMY oo Lowovme o ompe THAO
S, AR E o CEEMEE R .
NEREL A TELNRRI=5H S

DURREE., RIEKFRRHLHVIXERINEE DAsLipids
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R 23-25 E B MR B MEiTTHR

BRI E

1. BRBEIEYIZEENDAsSugsH LU AsLipidsDIH ED

R

2. BFEBEBMI-SThIERILENORE

3. AsSugsB LU AsLipidsDIEXE S DILES

4. RS T4TIZ&BAsSugsEHEBRIENE

tH i

WF22I8 H 5: AsSugs B &K U AsLipids D B % |

7K F

ERAHEHMED

LV RS MR

6. BAMECEEMRZALN-REESHEHER
1. BEGRBERICESIERDENAZEO-EURBEDIRVIER

EDRE
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MREE1-1:. BEABEESHEYMICEENSAsSugs. AsLipidsD it ix D gt

o ASSugslIZHRGILFREZ LY, BEREICEEIZEEN TS,

- BRABEICTEENDASSUGSDEE X+ HIZEITHNTULVEL, BERIC
ERENTWSTDAALED1DTHY . SEIOREDHEBRERELT =,

o FITMHEIZHEITEHVAANLDERMEHIEIIS5~49% &KLY,

« BEIZEENDASSUGSDRIELEEEZEITOHOIZIE. DAsSugsDLEHH
BEEIRSGWMEEMIZEFGHE R THLI L. ONMEENDEERE
Tl T REEENFONSIENBETH D,

- ERMHERZSHLH-6H. MEEDESITSEEL -,

. EBEEOMMEE L)L O—R B ORI 2
HTHHT XU EMNTESN ., RE R REL
T3,

- COWEHNERMEEYFTODTREEL DD,

- BRRREHCTHIERESRT B0, TR
L S—EEERERAVREET o1 o

alainata natwnr
1555 MIREEEDRRET IV
Kloareg et al.(1986)
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DhADSDERRH & DR E
100 mg of dry wakame seaweed 1 . ﬁiﬂﬂ%#wﬁﬁ

Add to 10 ml of 0.1 M phosphate buffer (pH 6.0) including gentamicin.
& Alginatelyase Cellulase
Addition of the enzyme (alginatelyase, cellulase). @ B B
Incubate at 37 °C, 6 h.
@ - +
Enzyme treated sample @ + _
Centrifuge (8000 rpm, 5 min) @ + +
> Precipitate
Add 10 ml of extractant
(0, 50, 100% MeOQH) and -
agitated for 15min. Repeated 3 times 2- m Hﬁ'fgy;@*ﬁﬁ
Centrifuge (8000 rpm, 5 min) 0. 50. 100% )(9/_)[/
«—— » OV,
Supernatant
Remove the methanol by evaporator (50 °C, 20 min)
Adjusted to 10ml with Milli-Q H,0

\d

Sample for analysis | 3 t%ﬂ)ﬂ:ﬁﬁ?%ﬂ“ﬁﬁ?ﬁﬁ:@ﬁﬁ#
HPLC-ICP-MS = E&{t&¥Hra~<cSLORE. ERIELEYDEE
HPLC-TOF-MS= kRIEEZDFEE
ZeRtteYEHETE, ICP-MS, TOF-MSO M AIZE A R[4 HPLCE 4
FHEMNTDIDLELHD o4




1. BRLBEHEORE

A(+) C(-)

A(H) C(H)

50um

A DERNEBETORYUTIL(A(Y) C(+)) TIXHMEN S EESN

RO RFENFELIRETRESNT=,

2. HitHEEORE

HHBEAR/—IVREICESMERMERDOEE

Percentage of acid digestion (%, Mean + SD)

MecOH concentration
AG)CEO) A(H) CH)
0% 225411 483+ 0.5
50% 218409 58.7+4.1
100% 28.1402 | 888+84 |

R LT N ADB R KL S T IL DS HTHE (25.50 mglkg dry) £100%&

LTEHE

BERLE(ICLOBERBHEOEL

Enzyme Eluted arsenic (mg/kg dry) :;:Z?;%fi;{
treatment Mean SD %)

A(5) C() 4.4 0.93 17.1

A(-) C(+) 5.8 0.14 225
A() CO) 8.0 0.18 311
A(H) C(H) 11.6 0.56 45.0
BRUESRPORERE

BHEIMHEINAOBRXIRIEY > TIL D5 #TE (25.50 mg/kg dry) &

100%&LTEHE

REFRHMHEBEARLEGo=EH

- BENE.7ILXUBR)T—E & EILT—ENIE

- HHEIE100% A%/ — )L

A(+) C(+), 100% MeOHEHH > F L%

EERREBAHSTICERTS
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DHhAGEDRERICH TAmBERMH EH

100 mg of dry wakame seaweed

Addition of the enzyme (alginatelyase and cellulase).
Incubate at 37 °C, 6 h.

Enzyme treated sample

Centrifuge (8000 rpm, 5 min)

3| Precipitate

Add 10 ml of 100% MeOH
as extractant and agitated
for 15min.

Centrifuge (8000 rpm, 5 min)
«—

Supernatant

Remove the methanol by evaporator (50 °C, 20 min)

Adjusted to 10ml with Milli-Q H,0

v

Sample for analysis

Add to 10 ml of 0.1 M phosphate buffer (pH 6.0) including gentamicin.

Repeated 3 times
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| MRIEE1-2: R AEEESHEMICEEN HAsSugs. AsLipidsD i kD ET
(v emmiaEsT seREANEEIREEETHE |

4.0

=) (

3.5

B9 BiEMONAHELUREHICETS
T7ILt/YEYRES (94%) ]7 BERBEZ. ThEh323+026pg/s (BE
I Z B) B E1£068£0.11 /e (RER)THY. B

30 L Pty
2.5
2.0 CODREFEDH>L, MEHICHENTIEF94%, F

L5 BERIZH VO TIEH84% A IEBIEERIEEMES
| - [T ht=,
10 As fraction - (6%) TMAO

T
JAB | THERMERB AR/ T RE RIS AT DFER . ABDHEIZ
v N\ DMAAE SUTMAOH EEHERILEMEL TR

Ilillénr:o
ek KBMESSUVESRE KBEHEES/ THER hn &R/
H 5 DORER i by i b iy

0.5

0.0

Concentration (ng/g wet weight)

0.9 v Ak YUY DFRAICHFEET HSERIT,

\q EIEA T N = |-DMA 2 A AsLipids# 3 U\ [

o7 7 £ /UEVRES (84%) TMAOE FAsLipidsEL THEIELTLNA.
0.6 /

0.5 1L

0.4 SV EHREIUVEEFICHEETS
03 A fencton™e (16%) E&. HAVEENSOKBEEEDE
0.2 o LM 5 ETAERDHERSHT (n=3).

0.1 NN FI?’/ A (BRI BT BRI 47 %, TEERIN S EAR-
0.0 | | HPLC-ICP-MS;%; /KA i@ 2 D ik,

Bex KBUBIVIERE KBEES/ THER R AR/ Folch® 7 %)

B 5 DBEFR R RE RIS 7 T 8B RIS 47 27



FREE2. ERBERYICAETNIERILANOBRE

N
(4]

As concentration (U g/g BZ4))
> > S

(4]

o

As concentration (U g/g E24 )

—_
o = N W h~ O O N 00 © O

| (@) TELT, I/ _ESLHRIHEN SIS T HER

T
L

AB

_( UK1~ -
AB AB
[AB ]
;4 ) & =& i

(b) 7L/ REL D, LEDRJAFIILT IV VFFIR

AR ESh SR AR

-

oy

TMAQO
_UR1 7
AB
s AB
AB
B " e ik 10 ik

(c) PILE/RE342Dth, LEZEDRIAFILT LY

o AEEBREEEK T AR

w
($;]
T

w
o

N
(&;]

—_
(&)}

AB

As concentration ( g/g )
S

—_
o

(&)

o

BT (4 4ains) \\ B (2o
FROBE, HEHLARE KBEESSIE, SEMIT

)| 2

T /RELODHDBEENS. LT-HA>T, DMAYTMAOIZ,

FEEE N ZARAEALIR| &Y, DMAAS HAsLipidst®TMAOEZH
AsLipids hMoFESN-EREIN -

l

FF g I IFET S=mREDTMAOE FAsLipids

ICIE, REFHH AN LR ECFRITEBREFIC

BREFE B F-NT-,

ROFAZEIT510 OB ICFELETHEFRIEEY(n=3)

(FeRERN 4T3  THER N &4 A fiR-HPLC-ICP-MS;%)
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As concentration (U g/g E24))
~
[&)]

0.05

(a) KBHEE S IFHET HERIEESW(EE)

/DMA\ J/ UK1>

DMA

AB

AB

AB

AB

%
| ﬂ/ ]

1.8%E (-30°C)

VEXT  SERERE 4 RREEEE T
%R BXGH

r—5%—(545H)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

DMA

(b) KBEESIZHFET HERIESY FERFEER)

DMA UKT

DMA

AB

AB

AB

DMA |

AB

|
1.74578 (-30°C)

2EKXT  SERERE 4REEEE T
FEE®  BX(GA)

r—53—(545R)

X2.

YA EBFICFETSERIEEPDRE
EBEEARICRIFTT, 1. T, 2. BXT
DRFEEIR, 3. HIEFIIR RO HNREE (3
B, 8LV 4. EREEBREOHISART
Iir—A3TcORF(5yAM. RS L)
2% (n=3).
(BRI ik, HPLC-ICP-MS;%; KiatEE 5
D%, Folch®A%)

ARDOFEDBI(C, BXOECHEEIZXY,
1. DMAIZAsLipidsh >EFEESN 5

2. DMAIXZ LB/ RELOMLFBINT-FTREES
BE TSI oT-.
(c) Eﬁ&hu#:ﬁﬁfﬁuﬁtﬂéhétimA‘%(,EJ#)

As concentration (U g/g E24)

DMAXTMAOIL, IHER INRAAEL
H[Z XY, DMAEHAsLipidst
TMAOEE AsLipids N SEEHEIH
- BETBEINT-

//
) DMA ) /

DMA /

0.3 DMA ||
TMAO
02 TMAO —
TMAO
0.1 —
AB AB e
0 |

VEXT  LEREIRE RRERE T
EfEEE BXGH) »—5—(548) 29

o
~

o
3]

—t—




R IEEH3: AsSugsDIBXE R D E R

— > TR
7Lt/ > 2 —OERRERE (EN) P
O AsSug328 A& mIZETh S
Me — As o_ 0 |(|) ||
4\;_2/ \l/\o —> Me - As—OH ——> Me —As—-OH
HO OH N|'e N|Ie

oxo-arsenosugar

thio-arsenosugar thio-dimethylarsinoethanol thio-dimethylthioarsinoacetic acid
(thio-DMAE) (thio-DMAA)
30
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pM mM
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Urinary As
(ppm)
33.9
35 -
30 - 25.9 * p<0.01
05 ** n<0.001
20 -
15 -
10 - * fadad
) 2.9 3.o|_|
5 1.
11 0.2 % 03
0 —
DMA pMmA" DMMTA TMAO
A By 88
RPERIEEMEE

. DMAY

0 suemEoma’

BrdU labeling index
(%) p<0.0001
1.2 -

1.0 -

0.8 -

0.6 -

04 -
0.2 -

0.0 -
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@ DMAVE LA™ D BEREFEIEIZE 115 in vivoE R IR D 1R 5T
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FEBLAL ST & DU INE S D fR AT AV R
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W BEDNAH#IH %
R RE IR 7T & D/ INE RS O fR AT AN ET BE

\ 4

0 138
HER

BRMERSH

B :F344 gpt deltaS vk

in vivoER RS FURENAEZRSBFHERNICHDOLEMIZFETES

BRYME BEBREICS THERRE

N-butyl-N-(4-hydroxybutyl) nitrosamine &%
(ZERMERENAYE)

Sodium ascorbate (=4S
(EZERFREERENAREYE)

iAst Rt
DMAY =4k
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@ DMAYELUVIAS"$H5F3445 Y FEBERLIRICE T HER ISV RATR—5—
DEB DR

0 13wks

Basal diet

92 ppm DMAY (50 ppm As)

ABCB1 ABCC1

AQP9

=
o
)
N
g
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=
b
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=]
—
i

-
=]
1

ABCB1/3-actin
ABCC1/3-actin

AQPS/B-actin
5

)
o

o
o
e
i

e
(=]

)
(-]

Control  DMA{V) iAs(Ill)

o
]

Control  DMA(V) iAs(ll) Control  DMA(V) iAS(ill)

*p<0.05 vs. control
** p<0.01 vs. control

1. YMEBASIEIZE LT, DMAVE K DASID (X #EHZABCB1 A5 9 5l gEE N RIS T=,

2. CORERNTYMNEMFEIRICHE T DERFENAANZXLDOERIZHEETELLDEEZOND,
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(a) PACEL TR

P<0.01

T

RO AHEERE A L-FAREERL-YT
HRAFFEIZELTIE, PACHABHENT-.

/

EHZERESL-FANEZRELI-Y IR
[SELTIX, PACIEERH Sz of=.

\

l

TP AR MR 5 # REmzE#

(b) PACELTDHEE  p<o01

I
T

p

RO AP DRRI7FOILTILE/
)2 (PAC) (ER O RDIFIEIZTETT S

SEAVWES I, i TOPACDH
BIREERET B LTH, ENEFEICLES
EFEIID

RO ARFHES (4% ANEEER

| SEEIYVADRIZEFEET S,

RO M GE# KEHBREH

(a) RRIPFLILT It/ (PAC)
BE, XU b) #xE(n=3). (148 HEE
HREEDOHI)

PACO & H i% :Dawson DAEIZKBTIL
D) ARREHE 5% HPLC-ICP-MS4#TL,
PACHLFER chd5)E)ILRARYIL
FILE/aAYEFEE.
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iRE1 DMMTAMF344 got deltaZyMERFEIRICHITHEER MY
B EURERMNAEDREE

DMMTADBRREMEMANIRE XZFRAL 1R
O FiEE

F3445 Y ZDMMTAD 2R 1E HIBERE N E B2 E A (% 5 B5RS : 3045 /[=)

1. ERiIEOREFETEE
2. DMMTA®M BE/E A DX B & RE D BZ 4T
(FRPELVERIEIERNOERRBEYDAIE)

v

DMMTADE SR LUV EERE#LGEDETE

O AEER \

F344 gpt deltaS v~ DMMTADIR R EMIERANE T A
O BEtICHITH/ETIER
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3. TRIBFROAENT
\ 4
DMMTADQANBN . BIRHEEB LUEHAEDOERERLNTE




2881 DMMTAMF344 gpt deltaSwi

B IUERINAEDIRET
DMMTAD#Z R E i) E EAE B N 1% 5 %% ALV E
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Kidney
‘\ /0 Bladder
Bladder Osmotic pump Osmotic pump
Implanted subcutaneously

BEERT ALZET® Osmotic mini—pump:

O FimsiER (F3445vh)

2ML2 (5.0 u L/h, 2 weeks)

DMMTAD S5 2 L5 5REDEETE

O AR:iAEx (F344 gpt deltaovhk)
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a4 DMMTALZLUICEHEERIELEMDSHMEILFE K

ODMMTAE X
3Zk : MW Fricke et al. Chem Res Toxicol 2005,18(12):1821-9.
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[Zx 9 DI EMRBERBFOZE (ERIELFHE
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B2t ToeFE—LR—D&KY
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B) . BREZR IE8) . BAREZE (&8 . BASTRES
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<FERARBE>
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2. BRSHEORME=ZRIIL., 13EERERSICLDI—MWEMEBRRAE LU TOZBMUZE
STUIC, X2, BnFREICHDT ) LADREKEDZEEZRSHCTDEH. AEGI1O0DIEA
RIERE LR, =5IC, NWMICHOITEREEDSENROVO—FTIVEEKROZEDBECD
WCTREST LTS,

F344RMUOSDEgpt deltaS v kI diethylnitrosamine (DEN) Z2~8:BREKIES UIZ
BR., LNTNOERTEESAEZE (10 ppm) TXIREELER U CBRBgorE L FERERE
SEENUSPi-REAZEREED ERNROSNIZ., —73. di(2-ethylhexyl phthalate (DEHP)
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sHERUL,
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[CRNWTBERERZENNEICHINBEITDCENNSINGE, REARBECEAITDY—DITY
AT DFER, TEBEREARBEDY 1 TIICoGEMIICRITDGEC to ATEETHOIZ. F/E.
SEHEERICRNT, £EROMEEETRNCK > TRARMEZEZRDIENNDIZEEEDIETHAE U, BEE
BIDNABESEZN L TCGC to TAZREOREAZENEN T DIEUNRESNL, SRHKED
got delta> v + (SD. F344KU'Wistar Hannover) [CDUWTCHFIEDZEREESEE Z8IE LU
[CIER. EMEEHSNIED DS,
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MUV RDIZYIIT R FRALESE

LiR—%—

Muta™ lacZ A invitrosSyr—o045 color
positive
Big Blue® ;?:( lacl A invitrosXwir—o049 color
A, o T [
lacZ plasmid  <™9R lacZ liz/; o SIS | e
YR gpt & el p seq .
gpt delta Sk red/gam Ainvitros N\ —o 29 positive
Lambda cl| ;35 cll AinvitrosSyAr—o 09 positive
supF
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gpt deltab S RO T =I5V E,

WV RIEFRAE RN

AEG10 DNA

ﬁ

A In vitro packaging

/

AEG10 phage

—

loxP gpt CAT loxP

gpt Assay
(REARER)

HAIEEGFLEG10

Spi- Assay
(RRER)
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BREEHHERZERL. BEloEEE—REEDRRIZMNAZ .,
HIDNAREDRBEZTSIEICKY., EEEURNAYES
FUBEIC. KYEEIMICFRITESEMETILEZHARET S,
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[iiﬁ:%’l‘iéiﬁ.%ﬁb&@?ﬁ%%’l‘iéﬁ%ﬁ(:D?ﬁ-@-iiﬁ?i";} gpt delta5 v b DFFHELR—E—EmFZERL Tinvivo }

ABMERNDIZ TOEYGHERT EPZLEDRE BEIEEZEET 5 LDA AEDRE

LIR—2—E G FEAE LIR—2—EEFEAF BABEGEFPLER—4— LIR—=3—BEFERALT
MERWNCTECEEEET MERW-REEXRSEHE B TFEASMICET S invivo E{nEEEEEM
M9 5D S5HMP. | | HENRIRETHLINESH HIRMIERERET T 5, ITHZEDFRAMDORE
RIFEERTTT D, RETT 5, I 5,
J ¥ v
BESHOQENHRE | —ESERRRLLTO Lk—s—EFEES | e TS
DREIE ZUH BEABMORFE ol
ABEFEEDLLE
gpt deltaZ VbRV EREE - -RERGEED [ gpt delta5 v b % R =in vivoig {z & 14 @AY }
BRI ERDIZEE(L EHANDEGEEOES* %5 LETOERKE
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1. gpt deltaS Vb REFR S HFIEERBRZ AV -EEEEO B RMEBEDIREL
gpt deltaS v bz AWV -SERGEEEDIREEZ B IS, HERME OIS LM ®
FYPRIREDIRFAZTT D,



1. gt deltaSy M RAIR S HIEHBEALVE

ECEEOIR/HOHBREDREL

A Sacrifice (n=3~5/group)

Examination : Histopathology, Serum Biochemistry, IHC of GST-P

*additional experiment

wt = wild type

in liver, gpt/Spi- assay

Diethyinitrosamine (DEN): 8z E £ FENAYE
(n) 2| ‘n‘ 8. (weeks) No. of animal
A A A F344 SD

gpt delta wt gpt delta wt
| Control | 12+4% 15 15 15
| DEN (0.1 ppm in drinking water) 12 15 15 15
DEN (1 ppm in drinking water) 12 15 15 15
DEN (10 ppm in drinking water) 11+4* 15 15 15

A Sacrifice (n=5/group)

Examination : Histopathology, Serum Biochemistry, gpt/Spi- assay

Di(2-ethylhexyl)phthalate (DEHP): BB FENAME
(.) 2. ‘.t % (weeks) No. of animal
A A A F344 SD

gpt delta wt gpt delta wt
| Control | 15 15 15 15
| DEHP (0.012 % in diet) |15 15 15 15
DEHP (0.12 % in diet) 15 15 15 15
DEHP (1.2 % in diet) 15 15 15 15




DEN¥BESYFES LUDEHPER ESYFDKE

350

300

250

200

150

100

50

350

300

250

200

150

100

50

1 2 3 4 5 6 7 8

—#-F344 wt DEN O
—#-F344 wt DEN 0.1
F344 wt DEN 1
—8-F344 wt DEN 10
—i-F344 gpt DEN O
--F344 gpt DEN 0.1
~-F344 gpt DEN 1
—-F344 gpt DEN 10

weeks

~m-F344 wt DEHP 0
-m-F344 wt DEHP 0.012
F344 wt DEHP 0.12
—=-F344 wt DEHP 1.2
—m—-F344 gpt DEHP 0
-m-F344 gpt DEHP 0.012
-m-F344 gpt DEHP 0.12
—m-F344 gpt DEHP 1.2

weeks

B =

600
500
400
300
200

100

Ds
500
450
400
350
300
250
200
150
100

50

-#-SD wt DEN O
-@-SD wt DEN 0.1
SD wt DEN 1

—=-SD wt DEN 10
—=-SD gpt DEN O

~#-SD gpt DEN 0.1
-@-SD gpt DEN 1

—-SD gpt DEN 10

3 4 5 6 7 8 weeks

—#-SD wt DEHP O

—@-SD wt DEHP 0.012
SD wt DEHP 0.12
—&-SD wt DEHP 1.2

~&-SD gpt DEHP O

—=-SD gpt DEHP 0.012

—=-SD gpt DEHP 0.12

—=-SD gpt DEHP 1.2

3 4 5 6 7 8 weeks

9
(*p<0.05, **p<0.01) compared to the control group



DEHPEESYFDEMNF-BE=E

A Liver B Kidneys
g/100 g BW F344 SD g/100 g BW F344 SD
7 kK K K R 1.0 # * * o *
0.8
* %% 0.6

2 weeks | g4

6
5
a4
3
2
1 0.2
0 0
7 *f** 1.0 *x XF .
6 #t 0.8
5 £ xF*
k sksk
: 4 weeks | 4,4
1 0.2
0 0
7 1.0 o
* %
6 %k %k %k %k 0.8 ok
5 %k %k %k k
4 0.6
: 8 weeks | ¢4
1 0.2
0 0
% % % %

B wt [l gpt delta

(*p<0.05, **p<0.01) compared to the control group
(¥p<0.05, #p<0.01) between wt and gpt delta rats
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DEHP¥ESYrDMEFET7ILIZD . AIGE, ALP

A Serum Albumin B A/G ratio C ALP
g/dl F344 SD F344 SD U/l F344 SD
6 5 - S 1400
5 EEE T k% kK 4 *_irk 1200
4 1000
2 600
2 400
1 1 200
6 5 ## 1200
*okokk ok ok ok *%
5 ** 4 Tk 1000
4 3 800
3 600
, 2 200
1 1 200
0 0 0
6 5 800
> 4 600
4 3
3 400
: :
1 200
1
0 0 0
0 0012 012 1.2% 0 0.012 0.12 12% 0 0012 012 12% 0 0.012 012 1.2% 0 0.012 012 1.2 0 0.012 012 1.2

B wt [l gpt delta (*p<0.05, **p<0.01) compared to the control group
(¥p<0.05, #p<0.01) between wt and gpt delta rats

11



gpt deltaZ Y FAFRRICEH [T HRAERFE

B

(*p<0.05, **p<0.01) compared to the control group

12



gpt IBIEFREARAEBRARNIINS L

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

HF344 0 ppm 2 weeks
HF344 0.1 ppm 2 weeks
HF344 1 ppm 2 weeks
W F344 10 ppm 2 weeks

F344

GC-TA

GC-CG
AT-TA

Transversion

AT-CG

HF344 0 ppm 4 weeks
W F344 0.1 ppm 4 weeks
HF344 1 ppm 4 weeks
W F344 10 ppm 4 weeks

T = TIT T
= Q o o o o x
< G o) o) o) o) o
o) — @ N K ~ =%
0] < 0] - [T = €
£ g £ g o
»n | 8| B |6 ©
Transition Deletion Insertion

B F344 0 ppm 8 weeks
®F344 0.1 ppm 8 weeks
F344 1ppm 8 weeks

F344 10 ppm 8 weeks

4.0
3.5
3.0
2.5
2.0
1.5 T

T T - T T T

x

1 8/ 8 8 &8 8| 3

O | k| 2| & | @ | «~ 2

Cl<|®| 5| 2|8|§

a | | v | & | °

Transversion Transition Deletion Insertion

HmSD Oppm 2weeks ®SD Oppm 4 weeks mSD Oppm 8 weeks
mSD 0.1 ppm 2 weeks mSD 0.1 ppm 4 weeks mSD 0.1 ppm 8 weeks
mSD 1ppm 2weeks ®mSD 1ppm 4 weeks SD 1ppm 8 weeks
HSD 10 ppm 2 weeks mSD 10 ppm 4 weeks = SD 10 ppm 8 weeks

13




DEN#EESYRHFIEICE TAGST-PEEEM B LU EE

GST-Pl& 4 &

A Number of GST-P foci B Area of GST-P foci
2
No./cm F344 SD mm?2/cm? F344 SD
150 0.03 . sk
* %k
* %k
100 0.02
* N 2 weeks
50 0.01
(] 0
*k
200 *% ok 0.08 ok -
150 - 0.06
*
.04
100 4 weeks | °°
50 0.02
0 0
500 0.4 * %
* %k
400 "% 0.3 * %
300 > 0.2
200 8 weeks o1 *
100 )
0 0

ppm ppm

B wt [l gpt delta B wt [l gpt delta 14

(*p<0.05, **p<0.01) compared to the control group



1. gpt deltaS v REB/EFEERBZ AV -BEEEEO 2EMEEBEDIREL

« BEEEUEFENAYME THADENEFI44Rgpt deltaSvhE LUSDFRgpt delta
FYMI2 4F IS EB R ELEER. ARHEOSvETHLOBREHRBIZEL
THtE LUVSpi ZERGHEEITARKENICEML. EAERICBVLWTEEL
EENRBOoIT. — A, B EEEFENAME THLIDEHPER S L-HER.
fFNDRFELIVBREHBICEWNTHtBLUSPIiZERGHEENDEELLRIE
%&)Eﬂﬁb‘ﬁfzo

- DENBSEHICEWTEHON-gptZEEEFEED LAIX, BEHENEWNEE
BIEZRLEDN, TOREXFANOBESRAMIZHENTEF344Rgpt deltaS VS
EUSDFgpt deltaS v FEITIZIXREBE TH-oT-=.

- DENBREHTREOONGST-PEHEDHE LUVEBIIF344FRgpt deltaSvh
HEUSDRgpt deltaSyh&EBIT, A OB EHBICEVTEEARHICE LT
FELEEARDLNLE, S5, ZOREZESHENRVELHEERLE
M. gpt delta SYREZFDHERBICEWTEELERTIBEOHONEI T,

gpt deltaZVrZRAVWTRERERABRETo-HER. BEEEESLURISAERERS
HMICEAHsTRETE, TDEEIRSHBARVIZEBETH LMD, gpt
deltaZYMIBEEMHZEHB TRETESS2ERLTFERTHY., gpt deltadvhEBIE
B -REESEHGHERBERICAVWSEIITFETHLIEEZIONT-,



2. gptdelta SYrD—RBHRRFRELTORZ YHEDRE
gpt delta VR EFRAWVWTREBRESEEFREFTIEORLUEEZBALSNIZT B8
[Z. gpt deltaS Vb B LUV FOHAERSYFDREFESEHEDERETRITT 5,



2. gpt delta SVFD—BBHERRERELTOZ UMD RERES

gpt deltaSybEZFDE R RHF3445YMIDENEZREREL., —BEHELSUVIC
HFESAEICOVWTEEFERBTHRL-,

STRAIN: F344 gpt delta rat and F344 rat SEX: Male AGE OF START: 6-week-old
(weeks)
F344 gptdelta 0 13
| |

10 10 0 ppm DEN (ultrapure water)

10 10 0.1 ppm DEN in drinking water

10 10 1 ppm DEN in drinking water

10 10 10 ppm DEN in drinking water

Examination: in-life parameters, hematology, serum biochemistry, organ weight
histopathology (liver), quantitative analysis of GST-P positive foci



WERMREEESE

Body weight (g)

Food consumption (g/rat/day)

400

35
30

—_ = NN
S W O W
o O (e}

W
(e}

10

5

0
0

(=]

(==

F344 rat

gpt delta rat

gpt delta, 0 ppm
gpt delta, 0.1 ppm
gpt delta, 1 ppm

gpt delta, 10 ppm

5 6 7
Week
F344 rat

A E 1B N AR KR
400 A
350 A
300 A
3250 -
5
—j F344, 0 ppm _? 150 A
F344, 0.1 ppm R 100
—Xx F344, 1 ppm
—— F344, 10 ppm 50 A
T T T T T 1 0 T T
8§ 9 10 11 12 13 0o 1 2

Food consumption (g/rat/day)

4 5 6 7
Week

9 10 11 12 13

gpt delta, 0 ppm
gpt delta, 0.1 ppm
gpt delta, 1 ppm
gpt delta, 10 ppm

10 -
—— F344, 0 ppm
—— F344,0.1 ppm 5 .
—— F344, 1 ppm
—— F344, 10 ppm
—— 0 —
8 9 10 11 12 13 1 2 3

Week

8

10 11 12 18g



BiREE

F344 gpt delta
0 ppm 0.1 ppm 1 ppm 10 ppm 0 ppm 0.1 ppm 1 ppm 10 ppm
Final body weights (g) 317 £ 18 314 =19 324 £ 20 313 £ 18 334 £ 15 335 £ 28 34715 339 £ 11
Organ weights
Absolute weights (g)
Brain 1.92 = 0.07 1.95 = 0.05 1.93 = 0.03 1.93 = 0.04 1.96 = 0.06 1.94 = 0.06 1.95%+0.03 1.93 = 0.05
Thymus 0.25 = 0.04 0.27 £ 0.05 0.27 = 0.04 0.27 = 0.05 0.26 = 0.04 0.27 £ 0.05 0.25+0.03 0.24 = 0.03
Lungs 1.00 == 0.06 1.00 %= 0.05 1.02 = 0.03 1.02 = 0.04 1.03 = 0.07 1.03 = 0.08 1.04 +=0.05 1.03 = 0.07
Heart 0.86 %= 0.05 0.87 = 0.05 0.89 %= 0.07 0.90 = 0.08 0.88 = 0.05 0.90 %= 0.07 0.90 =0.08 0.88 = 0.05
Spleen 0.66 == 0.02 0.66 = 0.04 0.67 = 0.02 0.69 = 0.04 0.66 = 0.03 0.67 &= 0.04 0.68 = 0.04 0.69 = 0.03
Liver 7.79 £ 0.65 7.72 £ 0.55 7.87 £ 0.45 8.02 £ 0.58 8.58 £ 0.65 833 £0.76 8.72+0.54 8.67 £0.42
Adrenals 0.044 =£0.005 0.043 =0.005 0.044 £0.002 0.040 £ 0.003 0.044 =£0.005 0.044 =0.003 0.046x=0.003 0.043 = 0.004
Kidneys 1.87 £0.12 1.91 =£0.13 1.90 = 0.06 1.88 =0.13 1.92 £0.12 2.05x0.14 2.03%x0.12 1.95 = 0.07
Testes 3.04 £ 0.20 3.02£0.16 3.03%+0.24 3.09 £0.19 298 +£0.17 3.08 =£0.21 3.09%x0.14 3.03%x0.12
Relative weights (g/100g b.w.)

Brain 0.61 = 0.02 0.62 = 0.03 0.60 = 0.04 0.62 =0.03 0.59 = 0.03 0.58 = 0.04 0.56 =£0.02 0.57 = 0.02
Thymus 0.079 =£0.012  0.086 = 0.015 0.084 = 0.009 0.087 £ 0.018 0.078 £ 0.012  0.080 = 0.012 0.072=%x0.009 0.071 = 0.011
Lungs 0.32 £ 0.01 0.32 £ 0.02 0.32 £ 0.02 0.33 £ 0.02 0.31 £ 0.01 0.31 £ 0.01 0.30+=0.02 0.30 = 0.02
Heart 0.27 £ 0.01 0.28 = 0.01 0.28 = 0.02 0.29 = 0.02 0.26 = 0.01 0.27 £ 0.01 0.26 £0.02 0.26 = 0.02
Spleen 0.21 £ 0.01 0.21 = 0.01 0.21 = 0.02 0.22 = 0.01 0.20 = 0.01 0.20 %= 0.01 0.20 % 0.01 0.20 = 0.01
Liver 2.45 %+ 0.09 2.46 = 0.09 2.43 £ 0.07 2.56 = 0.09 2.56 = 0.09 249+ 0.10 2.51%0.09 2.56 =0.08
Adrenals 0.014 = 0.0010 0.014 = 0.0015 0.014 %= 0.0009 0.013 £ 0.0010 0.013 = 0.0014 0.013 = 0.0012 0.013=%£0.0012 0.013 %= 0.0012
Kidneys 0.59 %= 0.02 0.61 =0.03 0.59 = 0.04 0.60 = 0.02 0.58 =0.03 0.61 = 0.02*%*  0.58 %=0.02 0.58 =0.02
Testes 0.96 = 0.04 0.96 = 0.04 0.94 = 0.11 0.99 = 0.06 0.89 = 0.05 0.92 = 0.03 0.89 +=0.04 0.90 £ 0.05g

** p<0.01 vs. 0 ppm



MEFHRELESVMBFEILTF

HRE

IM&RFHIRE
F344 gpt delta
0 ppm 0.1 ppm 1 ppm 10 ppm 0 ppm 0.1 ppm 1 ppm 10 ppm
WBC  (x10%/uL) 40.5 = 14.0 48.6 = 15.6 41570 41.1 £ 10.1 384X 12.0 37.0 £ 8.5 33.1 6.1 29.1%+32
RBC  (x10%uL)  869.6 +45.0 944.1 =429 ** 09202 £37.7* 9414 £ 37.8 ** 889.4 +53.4 9104 £51.1 875.7 £ 26.1 916.4 =33.2
HGB (g/dL) 15.1£09 158 0.6 * 15504 15.7£0.6 150 1.0 153£0.7 14.8 £0.2 148 0.4
HCT (%) 47624 51.4 2.4 ** 50.1 = 1.8* 50.9 &£ 2.0 ** 47.7£2.5 488+ 2.6 46.8 £ 1.5 48320
MCV (fL) 547x0.5 545=%+0.2 54404 54.1 0.4 ** 53705 53.6x04 535+x04 533=%x03
MCH (pg) 17403 16.8 = 0.5 ** 16.8 &= 0.4 ** 16.6 £ 0.2 ** 16.9%+0.2 16.8 £ 0.5 169 +0.3 16.4 £ 0.3 **
MCHC (g/dL) 31.7x0.5 30.8£0.9 309 0.7 % 30.8 = 0.4 ** 31.5%0.5 31409 31.6 £ 0.6 30.7£ 0.6
PLT  (x10%uL) 62.2 5.2 64.6 = 7.2 64.5+2.2 69.6 9.5 66.9 = 7.6 67254 66.5 =34 742 +39*
*, *%: p<0.05, 0.01 vs. 0 ppm
M3 LR
F344 gpt delta
0 ppm 0.1 ppm 1 ppm 10 ppm 0 ppm 0.1 ppm 1 ppm 10 ppm
TP (g/dL) 6.1 £0.2 59=%x0.1 6.0x0.2 6.1 £0.3 6.1 x0.2 6.0x0.2 6.1 £0.2 6.0 0.2
A/G 2.0*0.1 2.1%0.1 2.0%0.1 22+0.1%* 2.1%0.1 2.0*0.1 1.9+0.1%* 22+0.1
ALB (g/dL) 4.1=%0.1 4.0=£0.1 4.0x0.2 42+02 4.1x0.1 4.0x£0.2 4.0=x0.1 41=%0.1
T-Bil (mg/dL)  0.039 =% 0.007 0.034 = 0.008 0.040 %= 0.007 0.043 = 0.008 0.037 = 0.005 0.043 =0.005*  0.037 = 0.005 0.040 %= 0.005
T-Cho (mg/dL) 643 646 66 =7 65*6 63 x4 675 634 597
Glu  (mg/dL) 166 =36 170 = 22 180 %= 24 169 £ 29 189 = 44 201 £ 36 180 £ 21 168 £ 25
TG  (mg/dL) 110 =25 104 =19 110 £27 100 = 14 151 =41 120 £ 40 136 £ 34 93 =22 **
PL (mg/dL) 111x7 108 £ 7 107 £ 10 108 £8 1159 113 £12 112+£9 103 =10 *
BUN (mg/dL) 17.8 £ 0.7 16.5x0.6 16213 * 17.0x1.7 20.7x1.5 185*0.9 17.6 = 1.4 ** 17.0 £ 1.5 **
CRN (mg/dL) 0.28 =0.01 0.27 £0.02 0.28 = 0.02 0.28 = 0.04 0.30 = 0.01 0.29 = 0.01 0.30 = 0.01 0.30 %= 0.02
Ca (mg/dL) 10.0x0.3 9.7%£0.2 9.9+0.2 10.1 0.3 9803 9.9=%03 10.0x0.2 10.1 £0.2
P (mg/dL) 5.6 £0.1 55%£02 5504 59£05 58+£04 58=£03 5804 5.7%£0.2
Na (mEq/dL) 145 =1 143 &= 1 ** 144 1% 143 £ 1 ** 143 £ 1 143 £1 142 £1 143 £ 1
K (mEq/dL) 42 +0.1 4202 42=+02 4304 4.4+0.1 4402 45=%+02 44=%+02
Cl (mEq/dL) 105 +1 104 = 1 105 £1 104 £ 1 103 £1 1031 103 £1 104 £ 1
AST (IUL) 83 £8 78 9 75 =10 7711 82+ 14 745 80£09 80X 12
ALT (UL) 47+ 6 45+ 6 436 457 53+9 495 48 =4 48+ 6
ALP (IUL) 384 £ 25 366 =22 339 £ 209 ** 338 £26 ** 421 £31 379 £ 30 353 £ 19 ** 350 = 28 **
y-GTP (IU/L) ND ND ND ND ND ND ND ND 20

ND, Not detected. *, **: p<0.05, 0.01 vs. 0 ppm
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Organs Findings F344 gpt delta
Oppm O.l1ppm lppm 10ppm Oppm 0.1 ppm 1ppm 10 ppm
No. of animal 10 10 10 10 10 10 10 10
Liver
Single cell necrosis 0 2 3 7 0 3 4 5
Hepatocyte, necrosis, focal 0 0 1 0 0 0 1 1
Focus of cellular alteration,
basophilic, diffuse 0 0 0 / 0 0 0 8
g

Focus of cellular alteration

Single cell necrosis

21



FHig D GST-Pl5 14 #lifd 5% € = RO AR

0 ppm 10 ppm
Number Area
60 - oo 1.0 1 %%
%k

50 A 0.8 A %k
E 40 T
E O F344 5064 o F34
€30 { O gptdelta E 8 gpt delta
2 5 0.4 1
€20 - 3
Z

10 _ 0.2 7

0 T T —=—==x T 1 0 T T T 1
0 ppm 0.lppm 1.0ppm 10 ppm 0 ppm 0.lppm 1.0ppm 10 ppm

*% p<0.01 vs. 0 ppm *% p<0.01 vs. 0 ppm 22



2. gpt delta SVFD—BBHERRERELTOZ UMD RERES

gpt deltaB KUFHEHSYMIDENZ I3 BB ELI-FBER. AhOSYMILBREICERET S&
B-EEE0ELFE. MFEFMRE., IFELEMNRELGSVICBBESATEICEEEMN
BEEOHIZEIZBHONGE,M =,

- FEHASEFHREORKRE., FHROEMEIEE, EREBEESSIVIFEEHERTFMREDS
ENBOOID, TOREFEICEVWTHEEFREBICHEELZEEXBOHONGEN =, F-.
GST-PIEHHEEDEENETOFER. MEGTFRELITHREHICEWVT, TS LU EHE
EHITERLBEZRL. TOEELECFEBTREBETH I-CEhS, DENOHFERINA
HIZx TR EICHEGTFEBICERTIGLEEZONT-,

* DENDO—EEBHELZSUICTENAMICEEL T, F344Rgpt deltaS Vb H LUF3M4RSYIEITHER
REBERIIBOHONGEM ML, —BREERRZENELI-RER SHERICF344FRgpt
deltaS Vb2 RWALITR Y THHEEZONT=,

F344%gpt deltaS Vb E X UVF344%R 5V MIDENZ 13 AR REREL-HBE.
%ENG)—&%ﬁﬁ&lﬁ%b“hﬂl:ﬁ‘d‘éiﬁﬁ%ﬂmwﬁiﬂ’atﬁﬁimm\&
i%*’af:o



3. gpt deltaS v D EFMEL R—A—BEFEE DRI
) LHDOLUR—2—EB i FEABLOBITOMEICEIBRZARAETEEED
L PRFEDERERETT S,



T/ LD RO— ARG EHT

{ TR —O T oY —FANT, EABGFIEGIODBAGMEDEFZREL -, }

Lambda EG10 transgenes are integrated in chromosome 4 of gpt delta rat (F344 background).

Lambda EG10 insertion
A
el N
Chrd 79828427 EGI0 5740 Chr4 79900397
> > >
_ ...... TTAACCACAACCAG >
EGI0 31080

(14 bps insertion)
(10 bps homology with the neighbor sequence)

*The chromosome sequences are deleted at the junction.
(Chr4 79828427 to 79900397: 71,789 bps)

BABMIZE D7/ LRE (72 kb, LEEFET) BLVEABRGFOEAELS
HeRnt=, 25




F344 gpt deltaZ vy M2 ERIFA T RBROEFE
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ARRAEROEROBRH

Point mutations in liver of F344 gpt delta rats

P=0.009, t-test

P=0.016, t-test

[EnN
N

[any
o

® Mutant freq.
® Mutation Freq.

gpt Mutant/mutation frequency ( X 10-°)

F344 19W M F344 19W F F344 104W M F344 104W F

F344 gpt delta5 v rFEDgpt MRAERFE (L. 1988 EHLEL T104:88: T
(T35 mLT=, 27



ARRAEROEROBRH

gpt Mutation spectra in liver of K344 gpt delta rats

10
Others

9

Ins.

8

7 m>2bp del.

6 - ® 1bp del.
5
T BA:TtoC.G

4 I |

gpt Mutation frequency ( X 10-)

A:Tto T:A
3
G:Cto C:G
2 i
1 G:Cto T:A
0 - mA:T to G:C
F344 19W Male F344 19W F344 104W F344 104W
Female Male Female mG:Cto A:T

n=32 n=20 n=66 n=43

REATFERDITELEZLTIEG:Cto A:T, G:C to T:A, IEEREZTHY . MERIZE-T
¥inL1=, 10488 DHETIEG:C to TAZTERDFFELEMA A ST, 26



ARRAEROEROBRH

Deletions in liver of F344 gpt delta rats

p <0.01, t-test

12

’ |

® Mutant freq.

® Mutation Freq.

|

Spi- mutant/mutation frequency ( X 106)

F344 19OW M  F344 19OWF F344 104W M F344 104W F

F344 gpt delta5 Y ;AR D Spi R KX ERBEE L., 19:B# ELEEL T104:BE D HET
2L 1=, 29



ARRAEROEROBRH

Spi- mutation spectra in liver of F344 gpt delta rats

10

Base substitution
Others (Indel+Bs)

m Insertion

®m Complex del.
m > | kb deletion
> 2 bp deletion
®m 1bp del. at A:T
® 1bp del. at G:C

Spi- mutation frequency ( X 1079)

F344 19W  F344 19W F344 104W F344 104W
Male Female Male Female

n=21 n=13 n=28 n=12

10485 D MEHES Y SIS TIE2 bps~ kb D R EEEAHEMLT=,

30
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gpt Mutant/mutation frequencies in liver of male gpt delta rats

(F344, SD and WistarHannover)

10

5 ® Mutant freq.
® Mutation Freq.

gpt mutant/mutation frequency ( X 10-%)

F344 19W M SD 19W M WH 19W M

19;8#5F344, SD, WistarHannover By DRFI&IZEH [T 59pt M RAE R E(C
RRET ARG DT, 31



HitE DRE

Spi- mutant/mutation frequencies in liver of male gpt delta rats

(F344, SD and WistarHannover)

e

= 10

X

N

> 9

= 8

Q

= 7

E 6

,,S 5 - ® Mutant freq.
*§ 4 ® Mutation Freq.
£ 3

g 2]

=

g 1

a 0

F344 19W M SD 19W M WH 19W M

198 #3 D F344, SD, WistarHannover B S5 D g 235 (+5Spi REAE R EIC
%ﬁ% (iﬁ%*’vtb\OT: o

32



3. gpt deltaS v DML R—2— Bz FEEDREMN

. gptdeltad YT /LD IO RO—UAMEGI0DIBAEGIZERE L=,

HASBLLICIET2 Kb DT/ LARENEBSHNT-, EAEEGEFNDI
E—#I#10a—¢LHEEINT-,

« F344 gpt deltaZ Y DD R RAZEERFE(T19:8REHEL T

104:B 83 Tl 2~3f=ZI121EhL . 104:BE3 D 5 TIELG:C to T AZERHTH
E(2IEmLT=, F£=. 104:8E: DIk 5 T2 bps~BkbD R EEEH IS
fmL7=,

o 104 BEICHVTH. RESN-BREARAZTEDZLIIIMIILT=de

NOVOEETHY . 70—V D ERAEDEEILRENTH-T-,

o 3R#MMDgpt deltaZ v (SD, F344, Wistar Hannover) [CHEITHEHA

RANZRBFEICHLNERREZRBOLNGE N OT=,



4. gpt delta FVMIBITHBEFERLFRRENBECFEROLE
ptEEF LEDEGEFERLNAVBEFLOEGTFERLOHBEEERT S,



4. gpt delta SYMNIHE T HBEEFERLERFTENEGLCFERDLE

BEESEFESAVMEOREICEVFERSNS9ptBIEF LOBEFERLE., AINARK
ZHHVZEEZHEBAICETANABREFDREGFER/ FI—ZHRIREL=,

(Weeks)
0O 1 2 3 4 5§ 13 40-52
| | | | | | | |
500 ppm Phenobarbital
tt tt So S65) S(10)
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IV EIE YR (FRE)
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gpt assay B KPPt EREARI NS LR

gpt assay IPtERERARY NS LT
Animal Cm® 6-TG®  Mutant DEN MelQx Saline
Treatment & Clonies and Cm? Frequency Mean = S.D.
No. 5 . 5
(x 10°)  colonies (x 10™)
No. (%)  MF (x107) No. (%) MF (x107) No. (%) MF (x107)
11 2.66 30 11.30
Base substitution
12 1.97 26 13.19
Transversions
DEN 13 2.17 41 18.90  17.8946.20%*
G:C-T:A 19 (9.7)  1.73%0.63 57 (47.9) 4.67+2.19%% 4 (25.0) 0.08%0.17
14 2.10 57 27.18
G:C-C:G 2 (1.0) 0.17%0.24 3 (2.5)  026%0.25 1 (6.3) 0.02%0.03
15 222 42 18.89
AT-T:A 70 (35.7) 633%2.15%% 4 (3.4) 0.30%0.50 1 (6.3) 0.0220.04
21 2.62 30 11.45
AT-C:G 24 (122) 226%+141*% 1 (0.8) 0.07+0.15 0 -
22 2.91 19 6.54 .
Transitions
Mel 2 1. 2 16.61 T3E4.35%*
elQx 3 7 ? 6.6 9.73%£4.35 G:C-A:T 40 (20.4) 3.70%+137*% 6 (5.0) 0422029 7 (43.8) 0.10+0.13
24 2.80 18 643 AT-G:C 36 (184) 324%156%* 2 (1.7) 0.18%+0.26 1 (63) 0.02%0.04
25 3.02 23 7.63 Deletions
31 1323 6 0.45 Single bp 1 (0.5) 0.09+£021 35 (29.4) 2984194 1 (63) 0.0220.03
321026 S 0.49 Over2bp 0 . 4 (34) 033%£033 1 (63) 0.01%0.03
Saline 33 12.56 2 0.16  0.26%0.21 Insertions 0 i 0 i 0 i
34 14.81 3 0.20 Complexes 4 (2.0) 037040 7 (5.9) 0.53%0.49 0 -
35 9.90 0 0.00 Total 196 17.89+620 119 9.73+435 16 0.26+0.21

*%: p<0.01 vs. saline group

* *%n<().05, 0.01 vs. saline grogp
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4. gpt delta SYMNIHE T HBEEFERLERFTENEGLCFERDLE
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