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A S CIR LT O EEZ L7,

A
&7 e T
ABT l-aminobenzotriazole 1-7 N7 — )b
APAP acetaminophen TERN T2
BSO L-buthionine (S,R)-sulfoximine L-7F A= (SR)-ANTFHF I
DEPC diethylpyrocarbonate VT oend—RRx—h
DNP 2,4-dinitrophenylhydrazine 24-=pa7 2= )LERT T
DTNB 5,5'-dithiobis(2-nitrobenzoic acid) 55-UF AR Q2-=br BERE)
DPH diphenylhydantoin = N O Sy A V4
DW distilled water TREK
EDTA ethylene diamine tetraacetic acid TFL T IUMEEEE
EGTA ethylene glycol tetraacetic acid TVa— ) —7 7 I R
KTZ ketoconazole rhaty —u
MDZ midazolam IH T
NADP'(H) nicotinamide adenine dinucleotide =aFyTIRT T = URXIVAETFRY R
oxidized (reduced) form
dNTP deoxyribonucleotide triphosphates TAXVIRXIVATF R =V
1’-OHMDZ 1’ -hydroxymidazolam | N = R A N
4-OHMDZ  4-hydroxymidazolam 4-ERBEFTIF TN
4-OH TOL 4-hydroxytolbutamide 4-eRaF ML T AIN
PB phenobarbital Tx /eSS — )L
PBS phosphate buffered saline U B AR PR A K
SDS sodium dodecylsulfate N2 N2 LV
TOL tolbutamide ML AR
Tris tris(hydroxymethyl)aminomethane RNAER XL AF VT I AR




SR AR R 3R 30 I OV My 1B A A e 6 P 1

& 5 P 4
CAR constitutive androstane receptor WERCH) T R RS 52 AR
CYP cytochrome P450 v h7u s P450
Cys cysteine VATAY
DPH-glu DPH N-glucuronide T x=h AV N-Z N a AR
HPLC high performance liquid IR a~ T T 4 —
chromatography
4’_HPPH 4>-hydroxy DPH £ EREF LT e =k
4’-HPPH- 4’-HPPH O-glucuronide p-eRaxs 7 o=h Ay O-7 NV ra AR
-O-glu
GS- glutathione conjugated TNET A AR
GST glutathione S-transferase TNET A R
LC-MS/MS  liquid chromatography with Wik~ s I7 40— BT DE R
tandem mass spectrometry
NAC- N-acetylcysteine conjugated N-TBF NI AT A AL AR
PXR pregnane X receptor TVT T X SRR
UGT UDP-glucuronosyltransferase UDP-7 V7 BRI 5
o W A A 2 R 2T
& = P 4
ALT alanine aminotransferase TI=VTIINTUART 2 T7—8
AST aspartate aminotransferase TANGX T I NG AT 27 —8
T.Bil total bilirubin mere
Rt AR R B
& = P 4
GR glutathione reductase TIWETFF i il
GSH reduced glutathione EwIL M NETF A
GSSG oxidized glutathione WAL U7 BT A
Nrf2 NF-E2-related factor 2 NF-E2 B[] 1 2
ROS reactive oxygen species TP e 3R
SOD superoxide dismutase A= /R—=FF VRV RALL—E
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DAMPs damage-associated molecular 5By f R —
pattern molecules

Foxp3 forkhead box p3 Tr—I IR IAE L 737 3

GATA3 GATA-binding protein 3 GATA fE G #7373

HLA human leukocyte antigen [SNENiik= 70

HMGBI1 high-mobility group box 1 ERBENES N —T 2RI

IFN interferon A H =Tz

IgG immunoglobulin G a7 G

IL interleukin A F—aAF

KC Kupffer cell SZat ) 10!

LPS lipopolysaccharide ViRNZ b

MCP1 monocyte chemoattractant proteinl HER AL R 1

MIP2 macrophage inflammatory ~ a7y —URIEMS L NTE 2
protein 2

MPO myeloperoxidase ITaALAF UL —E

RAGE receptor of advanced glycation R EY = 2K
endproducts

ROR retinoic acid-related orphan LT I ARBEA — 7 7 o R R
receptor

T-bet T-box expressed in T cells #5 B K - T-bet

Th helper T cell ~JLX—T i

Treg regulatory T cells AR T A

NALP3 NACHT-, LRR- and PYD &H NLR 773U —X>2 /37 3
PYD-containing protein 3

TLR Toll-like receptor Toll £&5z 2K

TGF transforming growth factor NIV AT 4 —3 7GR R 1

TNF tumor necrosis factor eI S B IR 1
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& 5 P 4

ANOVA analysis of variance ST

cDNA complementary DNA FH#{H) DNA

DILI drug-induced liver injury FEW T BN T

DNA deoxyribo nucleic acid T A X VR

ELISA enzyme-linked immunosorbent W S S I B 15
assay

FP forward primer THV—RT I ~—

GAPDH glyceraldehyde 3-phosphate VBT IVTER3 VTR F—+8
dehydrogenase

y-GTP y-glutamyltransferase V-IINEINNT U ARTF L —8

v-GCS y-glutamylcysteine synthetase V-IIEIIVY AT A B SR

HE hematoxylin and eosi ~vhERY e

HRP horseradish peroxidase BHEDIVN~ X7 —8

LD lethal dose EX I

mRNA messenger RNA {4 RNA

ND not detected A F

NS not significant AEAERL

NT non-treated HEALE

PCR polymerase chain reaction NIAT— B S

PVDF polyvinylidene difluoride 2 7 AERIE =0T 7 A YR

RNA ribonucleic acid UKL

RP reverse primer VN— 2T F A~ —

RT reverse transcription UL TRCS

SEM standard error of the mean FEUERR S




FBIE F W

I BRIV T, BRI IV FE A LSS HHTH NI DI HD
(Qureshi et al, 2011), TR L OEERBREC 1T DRIEARBUL, BE ~DOAMRLN,
EEIE S DT D ORORZ R ERLSNDFRRIC RN 5708 | IR AL D
M2 BN TR DN EEL,

—RITED IV RSN DRIER 0L <3, 85 H BRSO LIV, 22 2E<D5E
TIER B CO BB ATRE L F OB T CHRELT D, 201572 Bttt oIy E T
AT OIEERIR TR 3 L OGRS TR PR CTh D, F7o, mEBR CHILAFTRETHY |
FEMEF B BAKAFI2 28D, ORI RBLT DA E L MR IR BT 5
M ELMFEFRELORIC SRR H L MR T HZE T, BRRICH W CEERRIE
RDRRBLT DI LA BT LN AR THD, ZOXI e P RO R FEORFEFH L TT
BT/ 72 (APAP) DEITHILD, 3BT BE 23 1T D IEERIREIR I I Tl
TEOABFEESC TREE DT W IEFR B A OWSILTODOITRIL, Efithiid, FEkk,
PERI, ARl AETEBRBEC I IR RS N B2 5 2 OEMIB W CIRAS LD, FFEDKIGIZ
NFEZREANZERBDONDHZER, ERDOEZL DB FITEZ P FET DL I ER BN
7o TETND, ZOLHRENTBI DR ED ARSI DA 1T, FERRR BT
TERVEWERDRRICR>TNDEEZ BN TS, ZOIH7RFEYEEIT, IEFEWY T
GITIIHETET | HEIKFR CTRWIENLRFEEMNE M (idiosyncratic) DHEYIEF LI
TD, B RREMEEMEEORKEL T, BIESNTAEERIZB DTS O FIZ LV EIE
FADBFEBLLTVIRIEICA > TODIENE 2 BN TND, K RINE IR EE ORI, %
DOFRFEIHEA MNP O 1VEEZET 228, G- ABIFKFNICRIET 228, IERBIY ClREL
BE T DN TH LI EENEIR EOHRENLHLINI2>THD (FH, 1999), £7-,

TOFRIEMEF IOV TIARIRENEL, RERFEDEMIB O THEIT DO RATHY,



BURE RTINS G E 2 T 22 LI3FE R IR E#ECh D, — 5T, ATaky
TRI NI ax P AL DFE NS ORSEMEDS, e B ERGUR (HLA) 7T A AT
BAATICBE T DI LN ME SN TEY, HLA OB s 1 RIEZ TR L THELEDOVAZ R3S
HebERATHZENTEDAREMEDV RS TS (Aithal and Daly, 2010), L2, HLA @
B TR HR M b L O BENEDH L EMI T RO TWHZEND, HLA DRis FRZZE

THDOH TR REEMEDO Y EEZ TR HIIAR LB,

R BB ME O S BEE B T, ZL<ORTPBESILTEY, MR Thh
TW% (Pirmohamed et al., 1996; Park et al., 2000; Uetrecht, 2000; Deng et al., 2009), #5535
EPERFREE (DILD (XEESBIRO P IEEHR LD N O—>THY (Wilke et al., 2007),
TueT7Fr (1998 4F), huZ V& (2000 4F) BLORTZ 7Y R (2004 45) 23Z DT
FEMZEO TGO HRORL TWDHZENG, BRRB L OEK MR ICB W CERZ2MEE -
TW5, BRERAE MO DILL 1, REHERB IO LV — M FF IS5 (Fig. 1), AiE
TiE. EERN TR#EI, FISHEICE ARG DNA 08 37708 OERE Sy
FAITHEA L CIaZEZ B ZEIL ., % Tl M EEH DN, RS2 E A&
DFERELIZbDISNT T L0 IR EZ | ST EEZ LI TS, B LT
X, ZNEF A (GSH) FEDORZAIRL, SRS &M ENT o ay — Ll 5%
Tz in vitro N v ZREREEIZ IV FHE 3 T4 C% (Gan et al., 2005), £7-. in vivo
IZBWTCGSHARGBI T2 LI2 80 BRI LD BERBU K T D L Tz
HET VLB ESN TS, BEITBELTL, VREHE (LPS) ZALE LI- e thEiZE £
TOVEIZ LD DM T O TR | LI REEIZ I DG LR - 23R AR M w bt
DIERRIR - D — 2T/ B A REME /RS FL TS (Shaw et al., 2007; Tukov et al., 2007; Lu et
al., 2012), L2>L, AIEIZEBWTC, Mo 7RO A Tl E K O B % k352 &M
WEETHY, BRAE BV TIL, LPS B IS I DMF TIXF— DRI IO IEZ IR E LI D

THY, L DOHEYZBIT DA EEMZ BT D2 LT LV, F2, ZhETITAThiLT



72 GSH 2t S B 7282 O TRREHE, Y O B AE GTORFTTHY (Shimizu et al.,
2009; 2011; Nishiya et al., 2008), 3% DR W2 #3212 L > THIET L MO K R AE D DILI
CIIFTIE T = N FRIR > TNDH T LR, SUGHENGE & 5052 O 5 %75 8 L 7= DILI J8SEA
FRAZ BT D EFER 72 B NS TN ZED, R ERIEICE E LR DK IR TEAH

PR TIHD, Fig. 1 IR T XN, THBDFIERET DGR T H0b SUOS PG O A Bl
BEREENTVD, LA > T, IEH B TOHEANK #Rr AR E M DILL O —#%, X
ISR 2 L0 <A T 2T VB, HOWIICERE O s skl st 7
IVEMWE HNHZET, ZROOFMEDN BB ATREIZ 2D W REMEN B 2 bivh, Fio, Frit g

P> DILI 23895 323 0 — I B & B IEMEEER OF B EFEERZ L SZEhs (b
RIYES NN BE Y| T 2= A) BRI GAZED | ROSTERGE M O A Rl A L )

L. DILI ORIEIZEND RN E 2 Hivd,
:1%

GSH
CONE: -

P450
/ N
EKENF INT TR
,\7{5% {

* <1
R EefEE FEHRE (THIRELE) D

e
'

B TLILEF—%

HEAEERES |l HEAEERES

Fig. 1. Proposed mechanisms of drug-induced toxicity induced by immunemediated or metabolic
idiosyncrasy.



HHFZEE TIXZAVETIZ, DILL BIEITER % 72 02 Btk A3 B o> T\ o2 e %, DILL £7 /v
~ 7 A% WG CHBNNC L TE T, FRICHE H &2 83, DILI KR iFligF TR b
DEFE G DRERE N F-Y) T LV 2> TNBZETH D, Bl 21T, W ATFRBERE LTl ST
Tl md A%, EMNZBWCENERF R 25 [ E 2283 Mb T\, Balb/le <7 A% T
NBY RV R ERIEM T AR LTS8 C L A2 —a A% (IL)-17 EFFENA A
TA L DR - L U CRI 5L QA2 EE 7R LT- (Kobayashi et al., 2009), —J7C. FLIR ARk
RETTHERE DIRIRIE LW TH WS NDATF < — WE T D HD B E I B W T EE L B E
H273, Balb/e ¥ A% VN THTFREE FEAEME 2 AT L7t 2R | IL-4 2SR E A RER - & LT
BIH-L QDI EEHLMNZL T (Kobayashi et al., 2012), ZDZEH D, DILI FBAEIZRBUV
TRG- T 5508 R FI3EMIC IV B DTN REN T, EHIT, BRENZ LI, Eiio e
H VIR EE T VBN | CSTBL/I6 ~ 7 A% FIWTHERIA R AT L 24 | FFEE D RIE
LW ERHIESILTUD (Kobayashi et al., 2009), /241X cytochrome P450 (CYP) 2E1
([ZEo TR Z VA a i~ LRSI, ERE S 1 LG T 2IENFOENTND, LinL, T
fE A FIE T 5 Balb/c vV AL IFREEFEAFIE LR CSTBL/6 v AL IFIgA £ R — T
KT BN T AR OEABEIZFASZE THLZENRESN TS (You et al., 2006), ZDfE
RiF, e Z U HEMERTREEORZ MBI DR EIL, ~eZ o OREEME(EEVE ., %
PR EREE D ZEITRK T 2b 0 THY | WRFAENE IR DR E A R ZEHR
K CTHLEHELRINTND, ZILHDREFIE, BRI DR E | DA E 5 Tk
HIEREGREI DAL T | TAIUK I I E B IF R ERIE L i T 2 K& E -
TWBZEERBL TS, TDT2, EMIB W TR RINE MO KWk ST E42 5 &
T 3EW % VT DILL &7 VE A ER L, DILI FIE DL 72 > TWBIK & TR &L
OSE D 7 ORI OER T HZENEELE X LD, LA, LSV TS DILL £
IVEN N DIRNZ D EDRRGEIZTE 0 S L5 W EE | FR R E LS QOB 3R R E

TN AL FERT 2 ORISR L 5 ZENEEN TS,



7 x =R (diphenylhydantoin, DPH) |FHES AHEHINL TWDHLTANAIK THD,
DPH Z# G- 37z —H DB 12BN T, BV R IER D NI R BRI, £ 1
DOFEIENEVTFRREZFAE T 52 LA &4 T % (Dhar et al., 1974; Haruda, 1979;
Taylor et al., 1984), DPH (2L 2[5 1%, DPH AR A BHAAED D 1-8 B DI BIZFIEL ., £
10,000 AC 1 ADOEIETRIETHES TS (Mullick and Ishak, 1980), =D LH72FEIE
RS, DPH 7 BT 1 3R S ARNE IR 0 S CD, BRIARIR BRI, U
2 NERDIZ % PED A SE 5 L OVEMEDGRO DAL, SEINE A HITEELE 2 LD
(Mullick and Ishak, 1980), L2>L., BB ICB W TINOHOFFRREICHERIL /- X, DPH
DI G- THHHEIN TR (TLET T EFEMLA L HE 2—T 4 — 4, 2014),

DPH #5388 MEIT I DO FEIEME T I IARTEMEI S TRV 3 DPH 725 CYP2C9 B LT
CYP3A4 [ZL0A BT MESOSHAEH M DA SNDTEDS in vitro FEERIZIV RSN TND
(Munns et al., 1997; Cuttle et al., 2000), =52 DPH i & CYP2C9 LD A FEE DN in vitro
TRESIL TSI L, DPH B8 TR F A O MIEIZ CYP2CY (2% 75 H CHUAR DS
NTNAZEND (Leeder et al., 1992), CYP (2L DAEHITE AL FFFE 38 5E ~D B 5.7 HE

3N TW5, DPH O EEHIR KA Fig. 2 127”7,



5 HN_ NH
O A AGT Dihydrodiol \([)(
Q \l, P450
HN\[(N\GIU /Epoxide hydrolase
0

DPH-Glu
Ot

O Arene 0X1de\L( ©
0 \l, P450 _<_/%

——a ——

HN NH

\K UGT DPH catechol\ﬂ/
4’-HPPH O-Glu g ]
0 P450 spontaneous
HO Q ¢ oxidation

4’-HPPH

o~

0

0 A\
— HN NH

DPH o-quinone

Fig. 2. Major metabolic pathways of DPH in humans.

Dihydrodiol: 5-(3’,4’-dihydroxy-1’,5’-cyclohexadien-1-yl)-5- phenylhydantoin;

UGT: UDP-glucuronosyltransferase; Glu: glucuronide;

4’-HPPH: 5-(4-hydroxyphenyl)-5-phenylhydantoin;

DPH catechol, 5-(3’,4’-dihydroxyphenyl)-5-phenylhydantoin;

DPH o-quinone, 5-(3,4-dioxocyclohexa-1,5-dien-1-yl)-5-phenylimidazolidine-2,4-dione;
DPH-Glu, DPH N-glucuronide; 4-HPPH O-Glu, 49 HPPH O-glucuronide.

ERBIOT Yy O EE G Th D 4K ER L 1A DPH (5-(4’-hydroxyphenyl)-5-
phenylhydantoin, 4’-HPPH) (¥t TIiLEIZ CYP2CY, 7> M TIEFEIZ CYP2CI L IZE > TARKRS
%5 (Komatsu et al., 2000; Yamazaki et al., 2001), 4’-HPPH [, XU BB D 37,4’ L =R

URR (5-{7-oxabicyclo[4.1.0]Thepta-2,4-dien-3-yl}-5-phenylimidazolidine-2,4-dione, 7L > 7

10



FURIR) 2L TERSIDN, TL AT U RIRIIEF ICRLZE THDHIZD, /) —bH
RIBESERERET Do T AR URIRITITARF U ReR T —BIZL- T
5-(3,4-dihydroxycyclohexa-1,5-dien-1-yl)-5-phenylimidazolidine-2,4-dione (Y ERE 4 — /L
Ky ~EREHSND, 4-HPPH 1, SHIZNUEBUVERO ALK EE{BSI,
5-(3’,4’-dihydroxyphenyl)-5-phenylhydantoin (/172 —/L 1K) 2T %, ZOATa—/L1k
T ARE LS, AL ERBLE IR RIE (BRI ThD
5-(3,4-dioxocyclohexa-1,5-dien-1-yl)-5-phenylimidazolidine-2,4-dione (o-% /> 1K) &KL .
BB LHAEREAZTEAM TS (Munns et al., 1997), 4’-HPPH 72507 20— WK ~D i
CYP {EIFHITHY . ZNSDRISHERBI &2 B DA FEA 1T, GSH DB 11
WEIZE > THESNAZEN, BN, Fy MBI U AT 7ay — A5 2 A WG 6
BHGMZEAL TS (Munns et al., 1997; Roy and Snodgrass, 1988; 1990), DPH 3L O
4-HPPH X NZ I N-F721% O-7 Ve i &% 5. N- glucuronide (DPH-Glu) F7-1%
4’-HPPH O-glucuronide (4’-HPPH O-Glu) ~EfESnL03, Wb ZERBY THEME
FBIREBI~OB G MG S TR, L2 C, FREDO TR E BE 128 TiE GSH %
DANRBEBERE DI T Lo T SUSHEREIP O A il & AR B EIREAE D RT U A AN D Z
SIZEY | A RESRO AR RSN, JFEFICBYLT W EHEESND, ZORBUIED
FIE BRI FBLO=TRAZBW T, FRRICRISHERE I EC THDH DD | FUSTER
ANt DB HERE DMRTZN TODRE R FFEDER TROBLND IR E N FHLE
RNEDEE 2 BN, Ty MEDIT SHEIL. ITIEICIIT S5 GSH B B&B LU OHRA s E
filii9% GSH #58B% R (GST) JEMEDS, ERDEILEIL 4 (5B LT 20 fELIEF IR EMN
% (Grover and Smis, 1964; Eoodhouse et al., 1983; Watanabe et al., 2003), IE# <7 AT b
ERWEEA . EMEE LIRS B C LA 3D JERRARGRBR IRV TR T&E 220
AREMEN B D, 72121 ZIVHLDOARGERIL, in vitro TOMFFERERITILSEDTHY, in vivo T

DPH HDWNE, ZDORISHEREY ORI ERIE BT AKEN ZRE LTS I REEA L7200,

11



F7o, JelTIR 722912 DPH FF B ENTRE E B 1TV T IR ERIE 2 | R LU IB L
DT U AF—FERE S TODZEDD | ARBITEIELDO 72 b T M FF OB 565 2 155,
LU, ZHETO DPH OFEEFIZE DM TR, in vitro (ICEDBEINIELEAL THHZE
I, FERCAFREERE I R HAIETE LB L O A B 5L Qo+ e i idd rioh
TR,

AWFFETIE, Fr B AENE DILL 25| 22§ DPH 2 W CiFEEE T LB EEkL ., &
DFIERE T2 A CHIIE ML & 08 OIS DR 352 8% HigE L7z, DPH Z13UH %<
DR BARE MO DILLIZ, YO RKB G- TFREEELFIET D200, RIEREGITE
STHRIETDIRKZ B LT, £, V<D DILLHIZEBWTIE GST 23 1-FE GST-M1 8L
GST-T1 Ol RKIEH CTIIEME DA REIZEWOIE (Ueda et al., 2007; Watanabe et al., 2003)
NEDONTEY, FRRAEVEEE~D GSH OB 52 RIESN T 5, GSH 1L DPH 2130
D, 2L D SOSTERHP Off 31 BV N> AETE B B2 o TR E N EB L7
Zenh, EEGZRMTEEDEEDIBRFEDEMIB T GSH G EMETLTWDHIE
ERETDHILNTED, LTI2hi> T, R R REMED DILI B IEM 2 PR 9% LT, GSHITH
HRR T ThHHEEZDND, AWFFETIL, S FONFETHASNL TWDH T A% VT
DPH FHEMNTFREEE T VB OIER ATV B IRIE IS E DEEL NSRRI I LD RIE
FOSTHRENCE D FETORSE - SNEBIHIK D mRNA FBL &2 R RFAICfET L 72, F7=. DPH
FHEMNFIEEET L~ T AT 5 DPH OB LR HERE O ERIZE R L,
g CYP BERTEME RS L OUMEE R DPH 720 DN L A% H 09I f#AT L. DPH X3

a7y AV, CYP . CYP #FE LT ERIEE DR EI OV TE LT,

12



% N E DPHFEMFREEETT VvV RADMERBIT
Fo R < RE B K] D R B L B AT

H
o
o
il

DPH [3HAED LI TODILTANAIETHDH DN, FlCEHIER 2, HBEB LT
P2 %% E$ 5 (Dhar et al., 1974; Haruda et al., 1979), DPH (2 32 5 SR M AT s 5 D 8 iE
BEFIIAIITHL, ZHIVETIZ, CYP IZEZAREATE M ISR B T RS PEAE D D
RS R D I FEG TS S TERY | ZOBG N SR LS,
R EARBIESEDIRK 22> TNAHEE X 5TV D (Munns et al., 1997; Roy and
Snodgrass, 1988), ZOILFFEEIRDIZEIT ., REMEWE TH 5 GSH < Cys DAFAENZ IV Hi]
S5, LIz3> T, DPH OB E T PEREM OfEFEIZ GSH R E DT A — /L35 L TnH e
WHERIEA1D, Ll DPH @ GSH A RIZFRE STV Z &R, GSH 7% DPH §5E M T
P E IR G- 2 DR A AT LT it 1370 < | ITREE3EIE I GSH X° DPH O U ATE (LS
G- LT DNIARHTHS, £, MW T DPH #FE AR E ORI ICIE, 1-8 #H[H %
2452 L7935 (Mullick and Ishak, 1980), DPH #7384 AT fis 2 38 iE (21 DPH O SAE #% 5- 23
ETHLEEBEZOLNDLN, ZDRKE A THD, ZDEHIZ, DPH I in vivo IZFB W THFRREE A
BELTOZENNEETH-T2ZE0 D ITFEERIERTITZLEA LN TRV, LT
2o T, EREORBTEMEAC I L OGN 725 [ LT TR E R AER 2 s B 2121,
DPH #FE M IEEET VOERNLETHD,

FEBZ 1 Kupffer MEARISAN A, T L. NK MR/ E A7 A FAEL TRY, B
SR TE R 72 5 DN IS0 S R 25 i LUV D  (Winnock et al., 1995; Tiegs et al., 1992),
Kupffer fAIZHEALE NBIRE L CTHRA LT B2 130D | Ry |

ANLBIOUARSHE (LPS) 72l a2t 2, EITLPS 2L T A= Rt
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Kupffer FAR 0D B E/EMALIR 7O OE>THHESN TS (Bilzer et al., 2006), 1EMELE
7= Kupffer FERIE A AL BIL O BH AL 728 ORE % e I AT 4 = — % Ji M
L. HFAERSEIZ R 3D RAE A RIRIE S In 7 m— RIZB 5354 F 2 bt D, Z
DU R R oM A |2 &% Kupffer MEROTE LB I XA O MCEN TD, JTAE, =
YRR PR RS A ) D F 7259 high mobility group box proteinl (HMGB1) % (%L
D EFTHEL ORI KD 2 78 Kupffer HIBLOTEMEAL 24T MBI TE T
(Bianchi et al., 2007; Scaffidi et al., 2002), Kupffer FildDIEMEALEEFIL, HMGB1 o= Rk
¥ U5 D Kupffer MITEMEALE 2 Kupffer M0 O MBI E [ AF1E 95 Toll B2 A
(TLR) =L C, VA MIALPEAZE T ZE T, Kupffer il IEH LI EHZEESNTND
(Schwabe et al., 2006), Z? TLR >7 /L %4r L, Kupffer fiflaC~2rn7 7 — 2 OIEMELEAT
L % EMESy /3% — (damage-associated molecular pattern molecules, DAMPs)
EE9, AR LIZEHIZ, DAMPs (2134 ME O A 7259, HMGB1 Z1XU 8 L3 HHifa & A %
VREELEEN TR, WREORBEOH2HT | AW Th uE RO TEM:
LD RNEAL, MG EREET 222 EHRL T, E0HIF HMGBI (23T, DILI
FERE DB G- DFZES I TIY, APAP FF B MNTIREE £ 7 /L~ AW C, TR E SR
T-ELTHEGLTWAIENMBIL TS (Antonine et al., 2009),

— T, b9 — 2D B ARG IEMELAERE L T, NLR family, pyrin domain containing 3
(NALP3) A2 7T~/ —ADE 5N HESILTND, NALP3 A2 7T~ — AT IREERE M. /N
7 7U7 RNA <° ROS (ZL0iEMALE 32T (Church et al., 2008; Bryant and Fitzgerad, 2009;
Martinon et al., 2009), 7 A/3—+E 1 ZEME{L 3% (Latz, 2010; Schroder and Tschopp, 2010),
ZDORERREEA IL-18 BEWNIL-18 Z L "TENCIW AT pEI S T RFEE SIS,
NALP3 A2 77~ —A0 DILI 3JE~D B G1L APAP FHE MR EET L~ 2% vz
FRETCREN TS (Williams et al., 2011), F7=, IL-1B X707 = 7aFE M FiEE Ik

WTC, FOFRIEICB G- L CINAZENR YT AET VA WL Tl A S CEY (Yano et al.,
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2012), NALP3 A2 75— A0 DILI ~D B 513, DILI OFIER T2 AT 95 TR
VY, ZOZENS, DILLIZEWT, TLR BEUNALP3 A 77~ —AEMHALZI T LT- A A%
FEHERI T2 DIIER T2 PR T 2O THELEZOLND,

FRROII RS ES FEE T FEAE SNV A NI A AT G E AR Z 595,
5 | ST RIERI TS B ST PRI O BR T8I AS . 2O Fa O 25 J8 JH oD 15 3 72 A
b G ESND AREMED DD, LI, VAN AREMALFWE 2 E D6 . EERIZEDAT
AOEFEITIN A, RIEMABIZEDEEEADRENEIFL TS (Ramadori and Armbrust,
2001), MCP-1 33X MIP-1 (FHLER Dl R 7 CTHY | ff HERCAF LB & O RIE %
EFEENAIFE O FURDERERS NI E 179 (Hsieh et al., 2008), ZDOFRIZ, {535
WD IR JE PO I AR L ThAEIR B KOVEILE R 27~ L i RA B E 5L
DIERIZEE N DHEZ Z B, 5% ROSB G T DTN T, 4 T ERDS EH2RY 7okE ik
EERFLLTHESNRENIEN SN TS (Ramalah and Jaescke, 2007),

Kupffer #EZ1Z 0D &35 B ARG MNIC LD RIEVEFIL—18PETHY . APAP 755 fT
T L~ A% W FTCH | Kupffer fIEIZ R0 B SR 00 e B 73 S T 5 L 2 R < B
o TWABZERHALNIEN TS (Fisher et al., 2013), Fr AL M: DILI D54, AFpaEL
DFFEL T, BB, I BRERIE 272D NTRIB 72 E DT L AKX —RRIEIRZ Y Z e D7l lau,
DPH ©,Z O TIri7ad FFBEERIEREDIZEAENR, ZNHDOT L LX—RIERE R T
ZENHAEZIL TS (Dhar et al., 1974; Haruda, 1979), ZD X572 7 L L — Lo R BARE 1
DILI {Z1F Kupffer fifa72 & 0 B ARG MNE O 72053, T Hila % O 150 R ORI LS
TSR N B 5L QA ES b TV (Adams et al., 2010), THIIEDSH CD4+CDS-% i
B EIZHUREL TRILL TWDHIaE . E<IZ~L/R—T (Th) MEEREOY, EMZBWTEES
FIRZAT DRFFEEIIEICBI DL EEZL TN CTh o, AR~/ I—T MifdiX Fig. 3 12
RTINHFEDH AR A BN, F5E DGR ER 112X~ T Thl, Th, Hl#EE T

(T-reg). XL Th17 MfEIZ /3 FES D (Kidd, 2003; Zhu and Paul, 2008), Th1 #ifdiX#xE K
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F-£ LT T-box expressed in T cels (T-bet) 23LEETHY, A FX—Txu (IFN)-y 23 Wed 5,
Th2 MR IFHER BN 7L LT GATA fEE R A1 3 (GATA3) X8 LEL ., IL-4 BLOVIL-5 & 7E
49 %, Th17 MEREIE IL-17 B X OIL-23 Z 0L S8 5K FL LTV F /AR A —7 7%
A& (ROR) yt Z 4B LL | T-reg ML, IL-10 BL NN TU A7 +— 7K+ (TGF)-p &4y
WAL, Foxp3 ZHRBAF-L L CBEE T 5, EBREIWZ V2 DILLIZEE 3 D058 T, IFN-y D
B9 5.3 APAP (Ishida et al., 2002), IL-4 D 523742V BLUOAT < — /L
(Higuchi et al., 2011; Kobayashi et al., 2012), IL-17 @B 523 X BX O L 3<EE (1T
AT ETT L~ 2% FAWT-fEHT (Kobayashi et al., 2009; Higuchi et al., 2012) /1 HZ 41
ZHHE SN TND, WbdL T L —HIERZ 1D DILL SRR AR I T 22828705,

2 LD R I 00 B BRSSP OGBS 5. L CWLAb DB 2 Hivd, DL EZ S
Fx 5L, DILIFIEM T2 R0 CHfE T 51203, IS 58020250 DAMPs D & Z 41
1Z#i<, Kupffer MADTEMALIRB NS, WS A NI A 28D Th fMlaOTEE(L2#R
BHNCFHI T 22N UETHLHEZ DD,

IL-17

@

RORyt
STAT3
TGF-$
IL-6
GATA3
IL-4 STAT6
11‘5
TGF-f
Foxp3

@

IL-10
TGF-B

Fig. 3. Differentiation mechanism of CD4+ Th cells subsets.



REE IR ERIER T2 R 35720 1ZUHIZ DPH 8T EE T L~ 2D (E
AT T2, el AT I in vitro DWFSEND GSH 7% DPH O SOSHERE & AR5 /3
IELEDOIEFER IS EDHILEDRENTNDHIEND, GSH & RO HEREFE THDH y-7 L
BV AT A G REESE (v-GCS) DFfFFEAIBHEAI TS L-buthionine (S,R)-sulfoximine
(BSO) Z M\ T GSH 1K 7% DPH #FEMEAT IR T I RIE T B LG U, MTREERIEIZE
(T % B RS IE 1 LUV 008 OB B AT 5728 | JITIE T O 90 36 L O E B A -
mRNA FEHEZMTL 72, F72. mRNA FEBUAT I IOED IR RGBT FEIZHF 5L T
WD EHERIS K F- 2 PRHUR £ X E R Z ) 2O Re A [ E 3228 TITREEF

e NS oy PAYIER I OIANS - - g i O

5281 EBRMELBI 0T iE

1-2-1 #A3E

DPH, S-A7 == BLV BSO ITADGHE T3 (KBk) 7Bl ALZ,
1-aminobenzotriazole (ABT) 1A LA T3 (ZK3K) KVIEA LT, RNAiso, 74 LTt
~—. SYBR Premix Ex Taq [Z# 7T/ 3AF (E) £V, ReverTra Ace [THVER; (KBk) KV
JEA L7z, TLR4 5P CHL TV N AT — ARSI =720, T aRysT
>V By (PGE)) 1T AT 7 () DOIEA LT, 7 IA4~—3 LB AT LA =
ANZEERFELT-, =V N)$HL HMGB1 RV 7ua—F ik Bl oar ha— L {77y
(Ig)Y 1T /T AN (HIR) BlEAL, 7y Mi~v U A IL-17 FLifebNzar he—/L H 1gG2a
I% R&D system (Minneapolis, MN, USA) LV AL, Envision' for mouse 3L #FHiI=
2L A R H —E (MPO) ARV —F AHiRIIA 2T p N (HIR) JOlEALT-, IL-18
PRBTNT IL-17 2o 787 ORI E I V= ELISA X eBioscience (San Diego, CA, USA) 7»

S A L7- Ready-SET-GO! Mouse 1L-1p 3LV IL-17 Z#ZFNF A0, g HMGBI 2>
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7R ORITEIZIE, HMGBI ELISA Kitll (3/7 Ab) %A=, 2O Del 3134 Chr

WRETNTEACFE R OG DOZ A, KRE TR LR OM A E LIRS,

AR ERAHE K
AL F NI DOFALIRED 0.9% 272D I THERUKZ N %, 121°C T 20 7y fEl4—hL—

THLEL , FEERICHELT,

YIF R H VAR F—h (DEPC) ALERREHRIK
DEPC DHAEHRIEDY 0.1%I 272 DIDNAFRUKZ N A, 37°C T 2 BeRIINRL 72, €D,

121°C T 20 /A —F7L—7HWLE L . FEER AL 7~

10 x UV PRREEHZ (PBS)
LT R 480 g, MEAL IV T L2 g VU BE/KFE —FRIT A (12 KFiW)) 29 g, V- BE/KFE
THIT L 2 g \TERUKEINZ, 8% 1 L L4, 121°C T20 /A — ML —7WLE L=,

il FCERL Tl AR T 10 5 R L. 1 x PBS &L, SEBRIZft L=,

1-2-2 B ~DULE R L O R R O R

8 WER DTN J L OMEM: CS7TBL/6) ~ o AFs L UMEM: Balb/c 7 A1X H A SLC L0 AL
2o YUAIL, AKBLOEHEREA B BB RS, 12 R OB A7 dh | —EiRE (23
+2°C) 72BN — B (55 £20°C) OFMCTHBE L,

A G- OMFITI. Mtk C57BL/6) =7 A I — i (10 mL/kg) (J¥AfEL7- DPH %
50, 100 33X TN 200 mg/kg THE O F7-IIMEEN & G- LT, &5 8IX~T R IZEI1F5 DPH O
LDso 28 367 mglkg CTHHZEEEZBE LT (TLETF o ERGA AL 2—T 4 —L4, 2014),

ORIy g K5 B LU TRELT=, DPH # 5 1 B F7c, A /K (10 mL/kg) 12
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TAfRL7- BSO (700 mg/kg) # RN 5- L7z, BSO O A ERLONTH& G- 7151, BEH
(Shimizu et al., 2009) Z& & T E L7z, DPH %5 24 Bi# oo —F LR R Mik% %
HIEREFIRDBERINL . 2 OB AFIRE i H LTz, M2 0Bl . ALT 2B ONST A RTF UL
N7 273 —F (AST) fE% Dri-Chem 4000 (& -7 ¢/v2) ZHAWTHIELT,

5 AMER GO TIE, M Balb/c ~ 7 A2 BN M I JOMENME C57TBL/6 7 AL
a—H (10 mL/kg) (Z¥Ef#EL7- DPH % 50 mg/kg C 2 H BB EENE G Lz, ZD%k,
KERE-3 H B2 bk, =2—24l (10 mL/kg) (2% L 7= DPH % 100 mg/kg C 3 H ] E
A5 L7, ¥7-. % DPH #5451 BRI, EHEAH K (10 mL/kg) (ZIEfEL7- BSO (700
mg/kg) ZREVENE G- U, IWEERHREELE L T, 22 a— MBI OV ER R K E & 5L
720 ARG TIX, BRI D372 BRO Z O 57 R KOERR LI IR 3£ 77 /L % DPH #5357
FEEET L~ AL ERK LT, £/, BSO 725N DPH £ 5-O O E LA & 5-L LTkt
FaREA R E LT (DPH B B BSO UMtz 51F), 7235, DPH O[FIZNHE THEOGH B AT
HD S-AT == M AT ER SR D72NZEME (Zimmerman, 1999), SKERVEH (2 L2 k=
FEANOEBERFNTLEMNEL T, AT 2= M UATB W THOE R 5 OR %1772, BSO,
AT = = A DR ITEIRL NG 71513, DPH s5 8 TR E 7 L~ U A LRI T
7=, DPH 18 #5-Bilhh 4 H H £TIE, DPH #5525 0 728 TNC 6 IfEIZ IZ )R IR D8 ML L
72, DPH X1E#45- 5 H B (DPH &#&#5HF) Tid, DPH & 52005 0, 6, 24 725 ONT 48 FEfH]
HBACRFRARDER L7, DPH Fef&d% 57005 72 RIS, =—T L RRIE | I KH ik
IR2DERIML | £ DRATIEZ R H LT, MAEASEEL . ALT, AST 226 NIHRE UL E
(T.Bil) fii% Dri-Chem 4000 % VN CHIE L7257 > 7Tt 7 /L 13-80°C THURE R AFE L 7=,

DPH (215 GSH & &K FIZBXIET CYP IEMEILED DK EHZBVTlL, DPH #E

=t

PR EE T L~ AER T aha— 2%, ABT 100 mg/kg % DPH fefé e 5- 1 REfATIC
JEREN$E5- Uiz, ABT 1 ZABE B /KIS, $5-813 Shimizu 5 (2009) O IZHERL

L72, ABT OxFEREEL Tk, AR B /KELE LA E O, F2, K HEHER] (ABT 8
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KUYBSO) 725 WNT DPH $¢ 5% TAILE 5L CE XX Ik 2 3% E LT (ABT BB
5.7 DPH B % 5-# . DPH/ABT # 5-#f . DPH/BSO #% 5-8%), BEZE72 ALT 5D L F-H338
5415 DPH #8500 24 R $2 1SHIR . Mg rh ALT fERIE 725 OV IR a1 T -7,
PRECL7ZATIE S GSH & & HIE £ T, -80°CTHhRE L7z,

HMGB1 HFAFLA G ALE O RETCid, DPH Fféf 5-LFRIFEZ, T HMGB1 ARV 72—
NPURE Y BEARENR (PBS) IZVAMESHE, 200 ul/mouse CHEARIN A G-Liz, FLifkEE G502 A
L7V TMAEER HMGB1 Z2 R 7R EORERAB LITEE LT, 2 ha— VR, 1gY Hulk%
[F4EIZ 200 uL/mouse THHIRNFE G- L7=, TLR4 FLEHIALE OFF T, DPH Hifki& 5 L [F]
BFlZ, =V 50 ug/mouse ZFHIRINFE 5Lz, TU M7 ATABAHKIZIEMIE (200
uL/mouse). %5 EIZREEHR (Higuchi et al., 2012)IZE> TRREL , &GDAAIL 71T H KM
FZIKF-00 mRNA FE BT DR Rab LI E LT, IL-17 TRGUADE 5 ORE T,
DPH & 500 3 BRI #1127 v Mt~ & IL-17 HifA% 100 mg/mouse THEIRNIE 5-L 7=,
FRIPUATT PBS IZH S (200 ul/mouse), XFHEFEEL T, T b 1gG2a HLikZ [FIRED J71k
THEELUIEHAE -, PGE FHAAE O T, AR EE/KIZEESE 7 PGE, (500
uL/mouse)% DPH #x#&4% 5-7°5 3 Bi[E 12 50 mg/mouse CTHENEN 5 L7, T HMGBI1 T
&, UK PUIL-17 HUAZRB NS PGE, fFHALE D FZBRIZI VT, WL DPH e
Behmn 24 Wit 128 i, g ALT fEH0E 25 NS HFIBEE A1 T o7z, REBRIZHITD

T AN TOIMDEERIT R K FED BRI EHIE > TR,

11-2-3 Tl GSH :L 0 GSSG & &HlE

Tietze (1969) O fiiEA—HLZEL T, L FD X2 GSH 3L GSSG & &ZHIELZ, ~
o ARFHEAD 100 mg (2% LT 5% AR VFILER | mL 2z, HTAKRED AP —% T
K ETHRETTFTARL, 8,000 g, 4°C T 10 srfiliE LBl . EWEEET, 96 V= /L 7L —hdD

K03 mM B-=aF L TIRT T =0 VXL AT R EE (NADPH) 1A#Z% 140 ul 35
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FW 4.8mM 5,5-VF AR 2-=heZ E&E; (DTNB) &% 25 ul iz, 5 77 =R TX
JESE, BB ETROLNIFREY R — b BB RK Tl A% 20 uL 2Lz,
7235, GSSG HIEEDERIZIX, IFARETHX—H 100 uL (12X L TE 2-E =AU % 2 uL A=
IC 1 REFALE R, EFLOEZEIHE LTz, 7NV ZTFF B TERERIRIE (4 Units/mL) % 25 ul
Mz, 5 53112 405 nm DWW % Biotrak 11 plate reader (GE Healthcare) z H W CTHIEL .

GSH B LU GSSG & &EaE & LI,

1-2-4 JFlg T VR = A 2o S8 G B olE

JFlEE R VAR = Ak s 3B BEORIE L, Protein Carbonyl ELISA kit (Enzo
LifeScience) D7 aha—/LIZHEV, LA FOFIETEBLT-, SIL7-~ T A /A% 10 mg (2
KL T3 EEOKBULIRED AR (0.1 M "NAEREX T T/ AZ (Tris)-HCl,
0.1 M b BT A 1 mM =F LoV 7 UEEEE (EDTA), pH 7.4) 1%, 7 7RV REY
FTAP—IZEVREFTAX LT, X2/ 7' E PRI Protein Assay kit (Bio-Rad) Z FHWHIEL
720 FFREY £ —b (4 mg/mL) 50 uL (2% L C, 2,4-=hr7==/LERZ (DNP) {Aik%
200 uL % =EIR T 45 3 GE L=, £ D, 200 {54 D enzyme immunoassay buffer 1125
TETRINZE RS, 2095 200 uL 2R HEE (ELISA) H 96 V=L 7L —RNZ
BL. 4°C T 12 FFEFRE L7, Ty MRS TV A FREEE R (PBS) wash buffer T 5
[FIYEF% . 7K 53 & BRE . blocking solution Z 1 7= /L& 721 250 uL 1%, =R T 30 I FHEL
7= PBS wash buffer T 5 [MJfei§#% | K& FRE | HL-DNP B4 FUARMIUAE 1 T2 /LH72D
200 uL iz, 37°C T 1 KFfE§HE LTz, £ D%, PBS wash buffer C 5 [FIeif % K32 brE, A
FNATRTEDUAER DI LAF X —E (HRP) & 1V x/LdH720 200 ul NZ ., =ik
T 1 FFH##E L 7=, PBS wash buffer T 5 [FIEF 1%, /K53 % BRE, chromatin reagent & 1 7 x/L
H7=0 200 uL Mz, =i T 20 43§ E L7z, Stopping reagent 2 1 7 =/Ld&7-0 100 uL 1,

SSZAS 1S 724% 450 nm DY EE% Biotrak I plate reader 2 VW CHIEL 72,
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I1-2-5 MMAEH HMGBI, IL-1p 33X OV IL-17 Z> <7 B R FE R E

fMAEH HMGB1 %>/ X27& 21X HMGB1 ELISA Kit 2\, iSO~ ==7 Wit~ T
PE LT, MAEP IL-18 BLWIL-17 o 77'E R Ready-SET-GO! Mouse IL-13 3L
IL-17 ZZ TN, BT O~ =27 o> TRIE LT, W ivh | oL R B IC S

T DARIR B OREYES " E iR % TRl > 7o 855 1%, not detected (ND) &L72,

11-2-6 #A RNA filit 36 L ORGSO

T~ 5 RNAiso & WIS O~ =27 /e Tie RNA ZfiliH L 72, 260 nm (23517 20
Jt.F£ % Nano Drop (Nano Drop Technologies) & HVNTER LT, ERLLTZH#E RNA Z HW T
MR G E A ToT2, %8 RNA 4 ug (251 T 150 ng/mL DT> % A~F P ~<—1 uL Mz, ¥~
Far el —iRgr—h (DEPC) MLEREEUK AN Z TeEds 23 uL AR5 I0IRRL, r—~
NP AIT— (ZH7) Z AT 70 T 10 RO SE . KB L2 5 x WG AR EIK 8
uL. 2.5 M dNTPs 8 uL. ReverTra Ace (100 unit/uL) 1 uL Z Nz, WG K%, 30°C T 60

43D1% 90°C T 10 77 [EATV Y cDNA ke L7,

[1-2-7 V7 /L% A2 PCR |Z&% mRNA FEEHZS BT

Mx3000P % VYT RT-PCR iz T o7, L7727 Z A~ —% Table 1 (2759, cDNA
£t 1 ul, 10 uM 7+V—R7J7A4~— (FP) BILWIN—RT7 T (~— (RP) ZEi £ 0.8
uL. SYBR Premix EX Taq buffer 10 uL. ROX 0.25 uL (2, #ERERIKE Nz 2 8% 20 ul &
L7z, PCR IFLL FORIGEMITTIT 7=, FasL, Foxp3, Gapdh, IL-1f, IL-6, IL-23p19, NALP3,
RAGE, S100A8, S100A9, TLR2, TLR4 33X TLRY TIIEVE MK G% 95°C, 30 PRI D%,
fRBES G Z 94°C, 4 BV, 7 ==V 7 SR G ZRIRFIZ 64°C, 20 B[F 4 1 A 27/L L,
40 AV IVSEAT T, T-bet TITEVEMESZ 95°C, 60 FHI D% fRBESS% 95°C, 15

., 7=V 7 B ERISERIFFZ 68°C, 20 #ofH%Z 1 A7l 40 A7 AToT,
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MIP-2, MCP-1 & GATA3 TIFEVE M RE 95°C., 60 FIEID#% | fEBESIGA 94°C. 4 FOIH]
(GATA3 X 15 B/, 7=—VU> 7% 62°C. 15 B, [HEMIGE 72°C, 30 % 1 (271
EL. 40 A7 N AT 572, ROR-yt TIHEEVEME S 95°C, 60 B D%, fRiES IS % 95°C, 15
B, 7=—U 7% 68°C, 15 B/, ML % 72°C, 30 Bz 1 Ao el . 40 14271
17572, PCR )itk . RlfRERARAEHT L | BRUKENAZAT Y PCR FEMDNHL— M) ThH DI LA Hesd

L7,
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Table 1
Sequence of primers used for real-time RT-PCR analyses.

Gene Sequence
FasL FP AGA AGG AAC TGG CAG AACTC
RP GCG GTT CCA TAT GTG TCT TC
Foxp3 FP CTA GCA GTC CAC TTC ACC AAG
RP GCT GCT GAG ATG TGA CTG TC
Gapdh FP AAA TGG GGT GAG GCC GGT
RP ATT GCT GAC AAT CTT GAG TGA
GATA3 FP GGA GGA CTT CCC CAA GAG CA
RP CAT GCT GGA AGG GTG GTG A
IL-1B FP GTT GAC GGA CCC CAA AAG AT
RP CAC ACA CCA GCA GGT TAT CA
IL-6 FP CCA TAG CTA CCT GGA GTA CA

RP GGA AAT TGG GGT AGG AAG GA
IL-23 p19 FR CCA GTG TGA AGA TGG TTG TG
RP CTA GTA GGG AGG TGT GAA GT

MIP-2 FP AAGTTT GCC TTG ACC CTG AAG

RP ATC AGG TAC GAT CCA GGC TTC
MCP-1 FP TGT CAT GCT TCT GGG CTT G

RP CCT CTC TCT TGA GCT TGG TG
NALP3 FP GTT GAC GGA CCC CAA AAG AT

RP CAC ACA CCA GCA GGT TAT CA
RAGE FP GTG CTG GTT CTT GCT CTA TG

RP ATC GAC AAT TCC AGT GGC TG
RORyt FP ACCTCC ACT GCC AGC TGT GTG CTG TC

RP TCATTT CTG CAC TTC TGC ATG TAG ACT GTC CC
S100A8 FP GAG TGT CCT CAG TTT GTG CAG

RP TAG ACA TAT CCA GGG ACCCAG
S100A9 FP GAT GGC CAA CAA AGCACCTT

RP CCT CAA AGC TCA GCT GAT TG
T-bet FP TGC CCG AAC TAC AGT CAG GAA C

RP AGT GAC CTC GCC TGG TGA AATG
TLR2 FP GAA AAG ATG TCG TTC AAG GAG

RP TTG CTG AAG AGG ACT GTT ATG
TLR4 FP TTC TTC TCC TGC CTG ACA CC

RP CCA TGC CAT GCCTTG TCT TC
TLRY FP ATT CTC TGC CGC CCA GTT TGT C

RP ACG GTT GGA GAT CAA GGA GAG G

FP: Forward primer, RP: Reverse primer.

11-2-8 93 B 7 FARAT
DPH &4 5.0 24 BRI OAFIEY > 7 V% 4 um (ZFEEIL ., 10%73 /L~ U AR EiK (F

AT ZE) THEEL, ST 740Uy AW, ZDB%A~ I BLOTA T
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(HE) (Z&vgetaliz, FFigZ 3610 20 T ERIR I AFHE 42729, HiL MPO HiikZz T
KRR BT 21T 72, DPH B il 5000 24 % ORI~ 7 L& 857 4 A%
4 um | ZHEEG ST IR RAR U % 0.1% (wiv) DRI AR T37°C, 10 43 [ RTALE L=
3% H,0, Tl 15 ML LTz, 512, 7 HFHL MPO ARU 7 —J L fiifke 37°C, 30 47
W5t . Envision” for mouse (DAKO) % FVNTERIR.T 40 25 B S SE 72, F 013 H0, 77
EFTYTI/ RV (DAB) ZHAWTITUV, GRS A W 3 HEF 0> MPO B

Brrh OB EEICBS TR,

11-2-9 HEFHFROMEHT
FEEY B I OEMERRELZEH T80, 2 BEICHB I 2 HE# 21X Student’s #-test &, %
FERNZ BT DT BT (ANOVA) BE U Tukey HEEH Y, P<0.05 DEEHEEHF

HICA B LI L7,
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DPH/BSO Hi[nl#% 5. 24 B[ DI ALT {f% Fig. 4A (Z7x3°, DPH 100 %721 200
mg/kg & H-FEIZHB UV TIE, DPH OFEBMERIC L Bbns B BAEBIREOIX T, IREERS
KR EFAD FEDO—ARBED AR E OO OO | 8 A F G225 NI IEERN & G- D

THNOFREGEIZBWTY, BEEZ2MEF ALT ©_EFITZRD LD -7,

[1-3-2 DPH 5 B W EHR GO MET ALT [HORRAZE b L OYR A0 1L
DPH/BSO # 5-F£I28\C, 1L h ALT fE1% DPH 4 H I E &G %0 B E5 (1
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THER (P<0.01) EF (718 = 122 U/1) 2RDHBNT- (Fig. 4B), IMAEH ALT fil

DPH 5 H [ {5 # 5- 48 R4 (Sl KBS L T2, 72 BRI A2 T IR M 25580 D, I
B G L TR BRZITRO bR T, 7235, DPH/BSO % 5-#£123517% DPH 5 H [#]
R 5 24, 48 725 TNT 72 FFRIR IZ BT D BEERITENZ UK 25%, 50%B LT 70% TH
-7z, DPH UM G-#E 235 T, DPH/BSO #& G- LRI D ALT fEOHERZRLTZ0, £

O _EF4 1T DPH/BSO # 58 L0/ NEo7- (182 £ 27 UN), W FRERIZEB VT, B

E72 ALT [EOEETFRD BT,

DPH fc & 5 24 BEf#% O ALT, AST 351 O T.Bil f% Fig. 4B (279, Wi o
IRTA—H—|ZEBVVTh, DPH/BSO #% 5-##1X BSO Bl G- L L i L CH B e @iz R L7z,
DPH &% 5- 24 BE[E# O T ERAL R4 % Fig. 4C (273, DPH B 5L 2B T
RARA 33 L ORISR IE AT OB FE AN 5RO DAL, DPH/BSO -5 CIIAFIRAE K 3 L OE
Wi OZFE N Z TYAERT R— AR O LI,

2T AD R ST, Balb/e =7 A% T DPH i EMEATIEE £ 5 /L~ 20D
VERSAR T AT o723, IS SR L Lot U CALT I3 A B i e R~ &7ey->7-  (Fig. 4D),

DPH FFE M TR E AR 3617 DB AR R B A MR 572D . DPH O [F)2h 3K CHEIE S
LA THY | FFbER S OV S AT 2= a2 5 LT Re% Fig. 4E IR T, S-AT7 ==
N /BSO #G-REIZINT, I G- REL i L Tl AP ALT, AST BL O T-Bill fHIFA &
IRl E RS T, R E A ZLITRED SN2 h 7= (Fig. 4E), L7=h3>C, DPH & AT

EEFIE T OFEBE KA LW e RS LT,
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Fig. 4. Time-dependent changes in plasma ALT and AST levels in DPH-induced liver injury.

(A) In a single administration experiment, mice were given an oral dose of DPH at 200 or 100
mg/kg and an intraperitoneal injection of 100 or 50 mg/kg. BSO (700 mg/kg) was intraperitoneally
injected 1 h prior to the DPH treatment, and blood was collected 24 h after DPH administration.
Values represent the mean +£ SEM of four animals. (B) Female CS7BL/6 mice were
intraperitoneally given DPH at 50 mg/kg for 2 days, and afterwards on days 3-5, DPH was orally
given at 100 mg/kg. BSO (700 mg/kg) was intraperitoneally injected 1 h prior to each DPH
administration. Each vehicle was used as a control. At 0 and 6 h after DPH administration on days
1-4 and at 0, 3, 6, 24, 48, and 72 h after the final DPH treatment, blood was collected to measure
plasma ALT levels. The days 6, 7, and 8 correspond to 24, 48, and 72 h after the final DPH
treatment. In the second panels the plasma ALT, AST and T-Bil levels were measured 24 h after
the final DPH treatment. Values represent the mean + SEM of four to six animals. (C) Liver tissue
sections from 24 h after the final DPH treatment were stained with H&E. (D) Female Balb/c mice
were treated with DPH and BSO described in (B). (E) As the negative control, mice were given
mephenytoin and BSO on the same dosing regimen as in (B). At 24 h before (-24) and 0, 6, and 24 h
after the final mephenytoin treatment, blood was collected to measure plasma ALT levels (E).
Values represent the mean + SEM of four animals. Values represent the mean = SEM of four to five
specimens. The differences relative to the BSO-treated mice (ALT, AST and T-Bil) were considered
significant at *p < 0.05, **p < 0.01, and *** p < 0.001.

11-3-3 DPH XY BSO # 5- 23+ GSH 38X GSSG & &I LI 3 2
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483 BSO B G RE TR 50005 2.5-7 BERAZ 12T QIR Ik FRRE L i T B 7K
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iz~ U7, DPH BB 5REIZ BT, DPH Hef& 4% 5 1.5-6 BRI 5 L 0N 24 R 120
FC, TR R LR LR B E A R Uz, M3V T GSH & &80 — 713
DPH s 505 3-6 Fif# % Td 7=, DPH/BSO % 58 Cld, DPH ik 4% 57> 0-24 FEfH]
BTN T R L el U TR BRI A /R L RO B A E OFRR L S K EL Do Ff
e IR fE A 7R U=, —J5C GSSG & &I, DPH/BSO ff F# 5B\ T, BRI
STHEHEL Ll U TR B2 R Z 7R L, BSO Bl G REIZ 3V VT BSO 5 2.5 IR & 12
I IRBEL LB L T BRRMEN RO BN O DOBEE CTld/2h o7, # GSH & & (GSH +
GSSG) 1%, GSH LTI FEEEOME A%~ L, DPH £7-1% BSO AL & (2 LK fE% R L. DPH BX
U BSO O IHALE TIHITHYE RN B /R D T ED RS AT, TR FREEIC WV TIX GSH 725

NZ GSSG DEEE /2 ENIZRD B2 h -T2,
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DPH ff&4% 50005 24 BEf#: O fE b ALT 725 TONZ AST %7~ (Fig. 5C), ABT Hijl
e G CIRIA e FREEL LB L T 72 ALT BEOAST OEEIRO LR -T2, — )5
“C, DPH B HHETIE 11-3-2 O L RIARIC ALT fEIX &2~ L, DPH/BSO $¢ 5-#£ Tl
FOEEAZ R LT, Lol ABT R 5550 7 Cld ABT FEALEREL LR L TR B2 K%

RLUT,
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DPH #c#& % 5- 24 FEf # O FFli&+ GSH B L O/ V4 F 4 & %~ (Fig. 5D), 11-3-3
T/RL72&3Y, DPH 38X U DPH/BSO $¢5-HE Tl I L L HhEk L C GSH & &I HEAE
L, £ DOfEIL DPH/BSO & 5-HEN LV T -7, LAL, ABT Z0F HALERETIX, JF
RUEREL I L O BB a2 R LT, ABT BUM$B G HE T, o FE L L L CR 7

GSH & 20T LN - T,
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Fig. 5. Time-dependent changes in hepatic GSH, GSSG, and oxidative stress marker in
DPH-induced liver injury.

Mice were intraperitoneally given DPH at 50 mg/kg for 2 days, and afterwards on days 3-5, DPH
was orally dosed at 100 mg/kg. BSO was intraperitoneally injected 1 h prior to each DPH
administration. Each vehicle was used as a control. At 0, 1.5, 3, 6, 12, and 24 h after the final DPH
treatment, the liver was collected to measure the hepatic GSH, GSSG, and GSH+GSSG levels, the
GSH/GSSG ratio (A), and its level of hepatic protein carbonyls (B). ABT (100 mg/kg), a
non-specific inhibitor of P450, was intraperitoneally given 1 h prior to the final DPH treatment.
Each vehicle was used as a control. At 24 h after the final DPH treatment, the liver and plasma
were collected to measure plasma ALT and AST levels (C), hepatic GSH and GSH+GSSG levels,
and the GSH/GSSG ratio (D). The data are shown as the mean £ SEM of the results from four mice.
The differences relative to the control mice were considered significant at *p < 0.05, **p < 0.01, and
**% p <0.001, and the differences between ABT-treated and vehicle-treated mice were considered
significant at {p < 0.05, ip < 0.01.
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T, ithgd IL-1p mRNA FEHL & T3/, fHligh oo g o IL-1p 2o~V E &5
EDFEEEE72 5, DPH 350 DPH/BSO #& G-RED MAFEH IL-1p # > R~ 7B REEZRIE L
(Fig. 6C), DPH/BSO #5-FEIZH T, DPH f &% 5770 3 IRFfff2 2, ITFRE AR IEIERF 50D
DPH #45-4 H H (DPH fc#f&4 5 24 WE[FIAT, -24 h) LH#RL CRIEZ 7R L 72, DPH BAfULE
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Fig. 6. Time-dependent changes in the hepatic mRNA expression levels of DAMP-related genes,

NALP3 and IL-1 3.

(A and B) Mice were intraperitoneally given DPH at S0 mg/kg for 2 days, and afterwards on days
3-5, DPH was orally dosed at 100 mg/kg. BSO was intraperitoneally injected 1 h prior to each DPH
administration. Each vehicle was used as a control. At 24 h before (-24) and 0, 1.5, 3,6, 12, and 24 h
after the final DPH treatment, liver and plasma samples were collected to measure the expression
of both the hepatic mRNAs of DAMP-related genes NALP3 and IL-1 3 . The expression levels of
hepatic mRNAs were normalized to that of Gapdh. The data are shown as the mean + SEM. The
results of the time-dependent study are taken from three to five mice, and the other data are taken
from four to five mice. The differences relative to the control mice were considered significant at *p
<0.05, **p < 0.01, and *** p < 0.001.
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1-3-8 MAEH HMGBI1 #2 N E IR EE DOffir&61 HMGB1 HUA 1L TLR4 7 2 = AR
DPH §FEMEIT IR~ 52 55 %

DPH $ L0 DPH/BSO #¢ 5~ 7 AD iU HMGB1 #2737 B E ORRIRF ) e R AR 9
(Fig. 7A), DPH/BSO # 5-F£TlZ, DPH & 5700 3 REf #4212, TR ERISTERF0D-24 IKf
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ERIFRRD SN 072, DPH/BSO % 5~V AIZH1 HMGBI HikZff i 5-LizL 24,
DPH Icfd% 55 24 BEEI# D ALT MR LY AST MEITHUAIEALEREE it L Cf B/ R %
RUTZ (Fig. 7B), 2 ba—/L IgY HURALE CTid, BrfFEQLEREE el L TR 72 ALT fED
EEIZRD LN 5T,

DPH/BSO L&~ AIZ TLR4 7 ZA=ANCTHLHTI N 2 0f ¢ 5- L7224, DPH #
P G- 24 KRR O ALT fEI IOV AST IR o6 FRBE L i L TH BERME T 27R LT (Fig.

7C),
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Fig. 7. Time-dependent changes of plasma HMGBI1 protein levels, and results of the neutralization
studies in DPH-induced liver injury.

(A) Mice were intraperitoneally given DPH at 50 mg/kg for 2 days, and afterwards on days 3-5,
DPH was orally dosed at 100 mg/kg. BSO was intraperitoneally injected 1 h prior to each DPH
administration. Each vehicle was used as a control. At 24 h before (-24) and 0, 1.5, 3,6, 12, and 24 h
after the final DPH treatment, plasma samples were collected to measure the plasma HMGB1
protein. (B) The effect of an anti-HMGB1-antibody. Mice were intravenously administered the
anti-mouse HMGB1-antibody (200 u g anti-HMGB1-antibody in 0.2 ml sterile PBS)
simultaneously with the final DPH treatment. Blood was collected 24 h after the final DPH
treatment. (C) The effect of eritoran, a TLR4 antagonist, on DPH-induced liver injury. Mice were
intravenously given eritoran (50 u g/mouse in 0.2 ml sterile saline) simultaneously with the final
DPH treatment. Blood was collected 24 h after the final DPH treatment. The data are shown as the
mean = SEM. The results of the time-dependent study are taken from three to five mice, and the
other data are taken from four to five mice. The differences relative to the control mice were
compared to the -24 h mice were considered significant at *¥*p < 0.01 in ELISA; and compared to
isotype IgY or vehicle-treated mice were considered significant at p < 0.05 and f11p < 0.001 in
neutralization or antagonist studies, respectively.
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72 KAl % 7~ L, DPH Fe &4 5 3-6 RERI #2123\ O IR BEe FREE & ik U O Bl &R
Lz, TEHALTD 1 DTH5HMIP-2 1T DPH/BSO £ G- HEZ I T, REEMK AT 72 @ 2R
L. DPH & #& Bt 5 6-24 [ 2B BICEEE R L7- (Fig. 8C), DPH Bl 5-#% Cl%, DPH
B 544, 3, 12 B0 24 Wi ICBRE 2R @A R L7o s, BT R Ll L TR B 2=
TR NRH 2Tz, £72 MCP-1 13 DPH/BSO #5-#£13 DPH & 4% 575 24 Bl #1260
TIAIERALEE & Ele L T /2 A R L, DPH B8 53 T 2 = 23580 b
2o 7238, W T LD mRNA IZ3UWTH o R CIER MHKAF IR B BN IR O b s o T,

F7-. BSO B G ClIia e AL LB L CH B ZENTERO LR -7,
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Fig. 8. Time-dependent changes of hepatic mRNA expression levels of proinflammatory cytokines
and chemokines in DPH-induced liver injury.
(A - C) The experimental conditions for DPH treatments and blood and liver collection were the
same as those in Fig. 6. The data are shown as the mean £ SEM. The results of the time-dependent
study are taken from three to five mice, and the results from the neutralization study are taken
from four to five mice. The differences relative to the control mice were considered significant at *p
<0.05, **p < 0.01, and *** p < 0.001.
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Fig. 9. A neutralization study of IL-17 and assessment of neutrohil infiltration in DPH-induced
liver injury.

(A) The experimental conditions for DPH treatments and blood collection were the same as those in
Fig. 6. (B) For the neutralization study, mice were intravenously injected with an anti-mouse IL-17
antibody (100 4 g anti-mouse IL-17 antibody in 0.2 ml of sterile PBS) 3 h after the final DPH
treatment. As a control, the IgG isotype was used. At 24 h after the final DPH treatment, plasma
was collected to measure its ALT and AST levels. (C) Neutrophil infiltration was assessed by
immunostaining for MPO. Data indicate the number of MPO-positive cells in mice treated with
DPH and BSO, DPH alone, or vehicle. The data are shown as the mean +£ SEM. The results of the
time-dependent study are taken from three to five mice, and the results from the neutralization
study are taken from four to five mice. The differences relative to the control mice were considered
significant %p < 0.05 in ELISA; and those compared to isotype IgG-treated mice were considered
significant at {p < 0.05 in neutralization study, and the differences relative to the control mice
(MPO-stained) were considered significant at **p < 0.01, and *** p < (0.001.

11-3-12 PGE; AL{& 7% DPH #55 MR 52 i 2

PGE; |34f FERDA—/S—AF L REEAZ T 22 L0536 TERY (Talpain et al., 1995),
NOZ U FEME R EE T L~ AB L O AT P L FEE R E T L~ A%
TR TR E IO T AR EA R85 UHFERIZB W THLMIZL TWVA

(Kobayashi et al., 2009; Higuchi et al., 2012), DPH &5 M FEE 2BV THAF R EROIRTE A
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Fig. 9C T/RENTZZEMND, PGE BT IVATIRZE RSN E DD IfEH AST LW
ALT 725 N AF P EREE 72 D ONTRAEIC B 5957 €A TéhD MIP-2 LT MCP-1
mRNA FEH B2 L 72, Z D5 R, PGE, &% 512X, DPH i #&4x G- 24 B§fi] 14 o Mg
AST BEOY ALT ED AT L LG L CH B IREZ R 24 B60NT L2 (Fig. 10A),
F7-. DPH i &4 5- 24 W5 [1#% O MIP-2 3 L UYMCP-1 mRNA 5L B I iAo BEE (CTL) &
[ DA% 7~ L7= (Fig. 10B), PGE; 3 DPH/BSO % 5-~ 7 2D gl 2 331F 2 4F Hh BRI 1
5.2 25 B A G 5728 PGE, i FALE ~ 7 2D DPH Hfé % 5- 24 W[ 1% O gz T
MPO G IRZE FHAIL 7=, Z D% F, DPH/BSO £ 5-~17 A0 MPO Byl i B XA i AL i

HEL L I3 B IRMEAE R LT (Fig. 10C),

(A) ©
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Fig. 10. Effects of PGE; on DPH-induced liver injury.

The experimental conditions for DPH administration were the same as those in Fig. 4. Mice were
intraperitoneally injected with PGE, (50 pg/mouse, dissolved in 0.5 ml sterile saline) 3 h after the
final DPH treatment. Each vehicle was used as a control. At 24 h after the final DPH treatment, the
plasma and liver were collected to measure ALT and AST levels (A), hepatic mRNA levels of MIP-2
and MCP-1 (B) and for immunohistochemistry (C). The expression level of hepatic mRNA was
normalized to that of Gapdh. Mononuclear cell infiltration was assessed by immunostaining for
MPO. The number of MPO-positive cells in DPH and BSO-treated or DPH, BSO, and
PGE;,-treated mice is shown in (C). The arrows indicate MPQO-positive cells. The data are shown as
the mean £+ SEM of the results from four to five mice. The differences compared to the DPH-, BSO-
and vehicle-treated mice were considered significant at *p < 0.05 and **p < 0.01.
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FHaf B &

P

< AIZE1T D DPH D% 1 LDso 1 367 mg/kg THY . FAEMFHIISWTDPH % 200 mg/kg
CHURBLEIRE A5 UIZER, B GRICHEBRIRTARD NI SR E | KHEMIER S5
EHERSNDIER D RO DI, Lol M ALT jEO EFIIERD LT HTREFIZFIEL
IRINDTZEBZ BT, o, TLET Fr EHGA 8 2—T+—4 (2014) 1TX5HE, DPH
Z 7> MZ 100 mg/kg C 20 M [F#FE O 52 5-L ThIR A 71 36 O A b5 rI R4
EEOPT LI S TR, 22C, AT GSH Gk ERITH 5 BSO £ 572 BTN,
DPH D ¥ 5 &A1, C5TBL/6 ~7 A% W CIFREET T /L OEZ R 7=, BSO
1% GSH & AR B DALHEE SR Thh D y-GCS DR FEAIBHEAITHY | in vivo IZB W THHFEH
GSH & BA2 X TSHAHZENBN TS (Griffith and Meister, 1979; 1982), &512, BSO 1%
FR7my— LB E £S5 CYP, Vv rn iinig# (UGT) BLOWRRHA SRR %
DIPTSR DRI EL 52 NN HME SN TS (Drew and Miners, 1984;
Watanabe et al., 2003), L7>L., BSO L& ~77 A2 DPH 200 mg/kg % Hi[Al#E O #% 5- 1L C M 4%
HALT fEOH B2 EFITRD LN -T2 805 (Fig. 4A), A2 E1F5 GSH & mDIK
TOHTIL, DPH #FE AR FIIE LR ZEDURESNT-, BERIZIW T DPH & AT
P23 1-8 3 M D DPH £5#E 12 L0 FEAEL T 5 (Mullick and Ishak, 1980), 26< D4 SRR M
@ DILL 1%, EHIDOIANRBIZL - TRIET DZEN0, MO R FZRFE LA ERNO A
BN, DILIFIED 5| 4L L TRHH L TWAIENHELE SIS, 22T, BSOLE LI
\ZDPH % 5 HEIE#5-L1=LZ A, DPH 5 H [ # 5% 20 Bk A b5 ST A—%
— @ ER72BNT, RS RS F 4 058D b7z (Figs. 4B and 4C), — 5 T,
DPH B 5 A M SE & G- OEHI R W T, ABERIMEAEA T T A—=F—0D L7250
HNTZH DD, DPH/BSO # 5~ 7 AL 0 ALT D b7 F2 B3R, I BRAR A 7 A2 h B R
IR E TR B 7= (Figs. 4B and 4C), ZHUHD 45 F2 5, GSH 73 DPH [ 18 #%

HAZ LD REERIEICKT L CEHEPNZE L T AT D RmENTz,
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ARFHZFI T, DPH KB B 5123317 % DPH OB 572N G- 83, 5 [ CT— &
LTV, PlEHZFR T, DPH % 5 H ] 100 mg/kg TRIER D& 52177224, I

R ALT EOBHZE 72 EH-DF8HO7225 (1500-2000 U/l), ALT fEie’—Z7KFIZE 5 DPH %
P G5 24 WEEZ £ TOBIEERN 75% %t 2, HEERIER T LT 75871 T
BLELLARNEB 272, FETERITEIC DPH #5-BA4472°5 2-3 H H O BB RO B
7o DPH I% CYP #FE AL A 952 L7 5 (Hagemeyer et al., 2010), S IEH 5-12 8-> THRAME
MR SNDZ LN EZBND, EHE GG B22<T 0L CYP FENREIND
AT SKEE I ANR< T, BRI BB KVIEICE AL HEZR L=, 22T, 5 HElO &
BHDHH, 1-2 H HIZE 5 8% 50 mg/kg (2 &S DPH O3EBIEH O 2 MFF LT, F
7o B, JEREN G- Ciait 0 5 L0 b I8 o DPH 2B DMEE T D2 EAVRENL T
525 (Lolin et al., 1994; Burstein et al., 1999)., 58 /)72 3 FR{E F A58, 2> >R A7R
DPH £ %% " HEICT 22 L2 MIFFL . EEMEA OO LN 122 H BITEENE G-LL
2o T O FR ALT ED L5135 700 U/ FRJE L SEDFRD Do EE, BEERITHI 25%I12F
TR LT,

IR GSH (S AR O fif 77\ 2 T 2222 A% B A5 TD, APAP O SUSTER I T
bbb N-TEF ) p-~U/F /A (NAPQI) <0, P/ IMREHESR THHF /o’y DL
JoPERE THD SAF T RIS OB E IO SUSHER#IX, T/ WD AT AL %

MLUTHRIE~LHAREA TS (Zhou et al., 2005), AATIX GSH 23U L&
BT DHIETRERT NAF A AVEREIERL | ARSI HERE P D2 3B~ 3
BREBADPOLRILTNDAESI TV, Fol L, BN T NEZT A A E/ I 5T 5
GST {EHEB LN I NWEF A EZEDENZ K 10-20 BLO 2-4 fF5<, RIS SUGHE
R DEFEREN E VY (Grover and Smis, 1964; Eoodhouse et al., 1983; Watanabe et
al., 2003), ZILETIZ, TR, F7ab’yy TEDTHU AT <Y —/L725TNT APAP

FD RS DL GO BN LHYIZ I T, BSO RILEN T - ##HIZ 3517 % DILI
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FIEDEE 2 @O DT ENHAEZIL TS (Nishiya et al., 2008; Shimizu et al., 2009;2011;
Kobayashi et al., 2012), EMZFWTIZAKIE (Lauterburg and Veltez, 1988)., fIl#fi (Hernanz et
al., 2000) °HF&K T (/LA (Staal et al., 1992) ZEZE->T GSH & &ENME FTHZEMRHIBILT
WD, GSH G iRICF1T D1 HiESE T D yv-GCS OREFRTE A B A OB s -2 Rb A &
NTCV5 (Nakamura et al., 2002), ZALHDIENS, FFEDEMIEBITSH GSH & #1K FVEE
EH, RET TR RAE MO DPH FE MR ERIEO & 5L eb 10, FERINE
P£ DILI # HHE7 LV DOIEREL T BSO &GN E 2 ThDHZEZ R L TD, LorL, DPH HifH
P 5-Cld, BSO BIALE L > TH M+ ALT I EH-¥9, DPH 2 X {EH 59524 T
BSO A& LA RFREE R A ZRD SN (Figs. 4A and 4B), 2S04 F5, DPH HH% (2
FORHT 07 7 A2 72E | GSH #5¥8 LIAN DK - D JFREEFIE D F 5DV TRFT
LHLERHLE B DT,

< AD RN LS T DILIZ® T2 MR B D7 A& TV D (Masubuchi et al.,
2009; Welch et al., 2006; You et al., 2006), AHFFEIZF5V T, Balb/ec v A% T BSO ALiE
& DPH 5 H B G- 217> T ALTEO R B2 ERIFEEO BN -T2 (Fig. 4D), Balb/c
YOI TR DraT ST IR BE L BLOT W F AT FE AT REEE T L
ELT, UMFREERICB W THWTET 2 THS (Kobayashi et al., 2009; Yano et al., 2012;
Higuchi et al., 2012; Matsuo et al., 2014), —J7°C, C57BL/6 ¥~ 7 A|X APAP &M ATIEE DT
TIAERIZ WD R EL THA S TS, FRT, ~aZ GRS~ AE 7 VICE
WL @ W& AR Balb/e EATREFMIEZ 79 C5TBL/6 &Tld, ~mZ DO RUGHEAR
WY CHHN T NA AFERRODO S 37 A FE G BITEITIRNDS DD | S 72 b UNI ARAE B
KB W T RSB T DBAE R =D GFRO LIV TNDZEZ YR IZIB W THLNIZL
T %, (Kobayashi et al., 2009), F7=, APAP #FEM: TR E BV THREINE DR E D
HEE IG5 2 DN RHFISNTEBY (Masubushi et al., 2009), ZNHDZ LA E % 5L DPH

FHEPERFREEET L= A 2BV T C5TBL/6 K FL /2 658 JE 2573 DPH 3538 M I fE = I8 E
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IZBWTHE THL LRI,

DPH #F38ME TR ST (LR, Pl GSH & BOK TR0 b= nh, #E 7%
FOGHERE DS ARSI, DDA +03 70 iz A TFRE I E I IR DS > T D FTREME S
Z BTz, DPH B 5238 T GSH O AL 7 /VZF 74 (GSH + GSSG) & H#iZ
BWTHLRDOHN=T-8 (Fig. 5A). GSH & B F XL AN A (21D GSH/GSSG LD %
L DH O TR BEFMESUSHERGEHMIZ LD GSH AR AU LD GSH DIE#E 4 X
BRL TV DH D EHELZS T2, BSOIE, DPH B4R 5-12 1% GSH & &Ik T o' — 7B LIXIE
R A7 (DPH e 5 3-6 il #2) 12 GSH & B2 A 1K FSH T2 (Fig. SA),
ZDZEND, BSO IRV EER GSH Z D ST LTI, BB TS EREHIC L
LIRS L SPE DI REE B HINSE, FIREEFELHESE WL EHERINT-, Zhb
ORI BSO I 5-12XY | GSH GBI ZAR TS E/o~v TV AIZHB N T, KDIRVTFIES
ZHE U7z Fig. 4A OFERNOE XFFINS (Fig. 4B),

DPH [Z/TFIEIZ 3T CYP IZ R AMRERIE M L2 2 T 2 2 e E S T%  (Munns et al.,
1997; Cuttleet al., 2000; Roy and Snodgrass, 1988;1990), == C DPH &% &M ATfEE~D ZAE5
JUZ, CYP FLEHITHS ABT - FHALE L7255 F. DPH/BSO 726N DPH Hifltfe 5-128%
ALT ED EFIFAREICIZ BT (Fig. 5C), £7-. ifliE+ o GSH & &5 DPH & 51280 f
BT HZEARENTZA, ZOBIEN CYP IV AHIAE M L2 0 7B T RS
PEREITER IR T2 D EHELZL . CYP FHEFH] ABT 28 DPH (25T GSH & &K T i
R BA BRIz, 2 OFER, ABT ff HALE 128~ C, DPHIZES GSH AL BT A EIZHD
fl&#17z (Fig. 5D). SHIZ, CYP PHEAILE S04 F Clk, iFlEh GSH 2% FSw 72k iE
(BSO fFHALE SR T) Tod->Th DPH shE M ITIEE ORI IXREEI S (Figs. 5C and
5D), T72bb, BEFHERISHER#IE CYP AN /E L, DPH FEMEATRE SRR ICE
FOREALKIRE N N7 a BRI A RO FF T/ NS ENE 2 bivic, BlE W E I

GSH #a S RITEMEN DD 75T IO L Ry 2R BEA TRV 7S AT LT L -
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T WHWWHBLE FPEAN 2ZMNIC 525 (Takakusa et al., 2008), ZALHD AR AIZL S
THMMIASREDSREL | MRS/ AE A~ LS o QK D EHEER S LT,

BRI AR A1 DILL O 72574 PR L AR IR e 5 5 L 3 Tb A S U D Ak e 7 | 2 3
HWLUTHELD, Filz X, APAP IZHMIBIZ L AN 22 A LS E 5L L2, NF-E2 B#EA 1
(Nrf2) Z{EME(bst, Ml ORER{ L AR AMEZ & 5 (Goldring et al., 2004), 512, ROS
X H,0, DIHEIZBDDA—R—FF RV ALHK—E (SOD) 1L DILI FIEIZH 1 HEE{L AR
VARG F- L THEETHL LI, =ARIRB LT APAP EFDOFEHI)S SOD2 ~T 1 /v 7T
TR RA% FANDHIE T, EONFREEMNAEE LR TELZENME S TS (Fujimoto
et al., 2009; Ong et al., 2006), DPH/BSO ¢ 5-FEIZI W TH L _IE O KIRILIA TH DIV
R ALZ R IE G BEOA B ERA-PROLIT (Fig. SB) Z&nb, BlE TR
A DHENRS R TEA~OFEERC, TIUTKKIba RUT BE ORI S SRS, B LA
R ZDFEFE DFRE T FAE O — iAo T RTBEME S RSN, — 5 T, TR EH IR T
IZBITDEEEAN ZAE B E T HI2H720 ., GSH LISFD ROS AUV — fil 213X SOD DX
725y T DRE D fERIR 1Ll o CODATREMEL B D, LinL, REMET BT,
GSH 8D THFfEEZ FHL C& 722850, BEi D SOD2 ~T 1/ 77U MDA L DAT
P R E DR M B R I3# % CTH5 E (Fujimoto et al., 2009; Ong et al., 2006), Z<[R5HU7=
AN TOMEITHE - TNDIENE, SOD2 OREREIR 2% DILI 3JEIC G- 2 DB I K&
WHDEE 2 BTz, LorL, SOD D57 ROS DIEEIZEDL DK T-&, HFEEYE Oe MR
T RSNV MREEL L THHEE 2 DD,

I 3317 % B SRS I 13 IS Kupffer MBI ZO N ESN A RIZINE T D, HlEE H
KDLy AL B LPS <2, /377 U7T RNA, CpG DNA 72 1285-> T, TLR ¥ 7 /L sigiAL
3L (Bianchi, 2007), Fifi?> NF-kB IZ R DER G ATEMHAL 95281280 AR A L FD
PEEZTLHESED (Schwabe et al., 2006; Kita et al., 2001; Oo and Adams, 2010), ¥7-. RAGE

VIR BE (L EY) (AGE) OZFRLLTI RS, TLRs &3, FFREERHCBITS B R0
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AR DOIEPEALIZBE > TS (Zeng et al., 2009), ABFZEIZIVNTIE, TLRs © mRNA FEBL &
DAL T RO OIS, EDVHT R E72% S100A8/9 mRNA FBLED FH 3RO L2 L
5 (Fig. 6A), TLR 25\ X RAGE Z41 L7c B R IE IS E OTE AL BN BRI TV D AT Ret:
DIREATZ, TLRs mRNA DOIEHLME T L2 RIIAB TH D23, TLRs 13 Kupffer fifi/e s
DAL 7253 FFFE M AAE T D728 | IFlisiH O mRNA FEL B2 MR L=
A FEE ML mRNA FEEUEB O BN RBINDH D EHELZSHDA, TLRs mRNA %
BEK TORRICOWTIRATHD,

—J5°C, TLRs DVH R ERVZL DGE R B DR R E72 5K F-00—2L LT HMGBI 23]
HEN TS (Schwabe et al., 2006), HMGB1 13X APAP #%8 M IFfEE 41306 <D fEE
<Y AET )V CHEERIEICB T 5B 518 ORBEIL TS (Antoine et al., 2009; Higuchi
etal., 2012), DPH/BSO & 5~ AIZHB W T, [FEEREIC > TH BRI HMGB1 %>
PRUEPRED EHNFROHBIL (Fig. 7A). Ht HMGBI1 ik fF AL E 352 LT g ALT
BILOAST O T3ROS (Fig. 7B) Z&7>5 HMGBI 73 DPH #% 84 AT E 38 5E S
BI5-L T EDURENTZ, HMGBI1 38X U S100A8/9 728D DAMPs 73, TLRs &4 L CHfk
MR IE AL S COBDRET 5720, TLR4 DT AT =ANTHHTI TR ALEL
7oA MAEH ALT BE Y AST fEISITIR F23ER8O B2 EM G (Fig. 7C), HMGBI 38X
U S100A8/9 72£ @ DAMPs 7% TLR4 4L C, Sl iE (LS TV ob D LHEZRS
7

HARSZ IS ZN T IL-6 <° TNF-o 2R E D RIEME Y A SIA L i~ raT 77—V Eb oy
SNAN, IL-1B bRIEME AN A LU THEREEF ZH > TWD, Yano b (2012) 1%, 27
17 2 F 2K E U AET /VITIBW T, IL-18 DSRAEH R 7L L CTHEEREHIZHH
STNDIEERELTND, FTo, RV IL-1p DPEAZAEHET S NALP3 A2 7T~/ —LD
IEVELA, APAP #5388 B FAE O — Wi > TOD I EN A S TEY (Williams et

al., 2011), TLRs D #7253 NALP3 i ME(KIC 3D HARGCE IS EDIEMAL L EETHHEE
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535, NALP3 [ZIREERS fLSC, 2377 U7 RNA LIS, ROS IZE> THIGEMHALS LD Z &0 #H
XN TVDA (Bryant and fitzgerad, 2009; Martinon et al., 2009), DILI F&E (233 N TlE i
PERGE D PEECIb U RU T REE CHE< . ROS D FEATLHEIC LD NALP3 fEMEAL AR E T
BHHHEZHID, Fig. 4B ITRLIZIIIZ, IFFEEFIENIICIS1TD ROS DREA R SUSEATH
W DPEED TRIRS I TNDT NG, DPH #h B AT IR EF 23 Tb SUSPERE O b= B
U7 BEEIZEE R L7z NALP3 OVEMH LA ER S TS EE 2 DAz (Figs. 6B and C),

DAMPs (25758415 S100A8/9 mRNA X ONHMGBI1 #2371, FFEEFRIEI o724
B2 RULT208, ALT fEDOE— 278 24-48 K] ChHZ LA ZE T 54, WA IR ERIEDH
BRI D BRI 23 B E R/ BN TEY (Figs. 6A-C and 7A), ZAUIIFFEERIEICE
WT H RIS A D RIENTINICBE 5L QW DD e AR T AR R ThHES 25, TLR4 T
K3 = AN TH5 eritoran [ZIUMLIEDIEHRE HBUIZBARINIZVARZHE (LPS) Ok T
HDHIER A OEEHELUL AW THD (Mullarkey et al., 2003), DPH O A 7253 APAP 7221
FOMFREEZIIC O, TLRA (25D B RAPEME LD RIBS N TODIFEFIZHB W T, =URT
A INIRIRIEIE L 72 D W REE DS R ST,

TEMALSIT- BRI (Kupffer fia72 L) 1 IL-6 X° IL-1B 72 EDRIENEF A NI AL
B, IR ERZRE ORI ES0, FEMIEDOPERRZ1TH e S Ml & MRk 5l C il e s
%o TEEBIT, IL-6 < IL-23 72 E DY AN A% Th MR D53 LAREZT T, JESSE R
JEDOREZATTH (Kita et al., 2001; Oo and Adams, 2010), Fig. 5 ({Z/RL7=X9IZ, ENED Th
M X IB BN O3 ba sl L& - TR, B AN AL DT AT IS E OMEHED R
7oAV TUND, RIFSEIZIVTIE, Thl7 MW TR IVIZE R Bl A~ 9 RORyt O mRNA
FEO_EFPEOLNTZA (Fig. 8A), Thl, 2 BI O Treg D43t~ —4—"ThD T-bet,
GATA3 LU FoxP3 @ mRNA FEHLEIHHIZIL Tz (Fig. 8A), ZDZ LN 5, DPH 7%
PERTREEFEAE(ZFE Y, Th17 MO LAMERET D AT REME DS R S4072, Thl MR RPN O

IR JERI SR L T I 2 A L, FasL <° TNF-a 24T U TR LA el 2 24 54 %, Th2
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ML, IL-4 X0 IL-5 72E DPEAZIT L, Wi 850 B SR EREDT L L — ST E L
THY, Treg MMLIE IL-10 72E DFLRIEMES A NI A NCFEALZI L, IEROCEZRET T 548
BT, o B ER AR T 7O ICHE R & HIZH 5T % (Zhu and Paul, 2008), Th17
MR, IL-17 ZpE/E L, B OB R ARSI G322 E SN TERY, IL-17 (X, MIP-2
K MCP-1 72E D AR, IL-23 R°1L-6 728 ORIEME A NIA L DA ZFHETHL
T, AP EROIEE LRI AR ES T L ENFHI TS (Zhu and Paul, 2008), 4 EKIE,
EER KRB L O A A 730 MPO Oz LK M R e A P AL S 570 | Mk
HA S D E RS2 H - TRY | RS O IICESEIICFHF G L TODIENHD
LTS (Jaescke, 2006), ARBFEIZIBNT, HL MPO HLikz Wi B a0 T L0 | RS
DOHER AN, AF TP ERDIBEMEES I TNDZENRENTZZ LD (Fig. 9C), I HERA
DPH #FHEMEFRE 31T DR O I EHEAIC B 5 L TV D e RIE S LT, Fz,
Th17 #Eo> DPH &% EMEATFEE FEAE ~ D BN AT D728 HUIL-17 Uz Vit 4
TG, BT IL-17 FURIC IO FREE DN RIS 7=2 805 (Fig. 9B). Th17 flfRiZ L0 pEAE
SND IL-17 28, 4P ERDR A RS | ITEH 2 ESE TV DI HERS NI,

IL-17 134 EROIEE B I ONREICBE 535S TOD3, IL-18 & 1L-17 EFEEIL 747
R B REZFF DL SN TERY (Latz, 2010)., IL-17 LIS DK -2 k> ThHHERDOIEE B L
RHEPMEES N TWDEGH 3128 2 b, bt IL-17 HUAfFHALE Tl DPH 758
PEFFRE I IAEF IS A=A (Fig. 9B), CDFEEEIL TLR4 7 # =2 = ARHt HMGBI HifA kv,
3D TH-7- (Figs 7B and C), K HUIREIIIBLERIGHHLERHCRB T D, X—7 v 2
/N7 DOESREPLE D IR 2 ML TRV, BFEFUARS N ILE AN LD ML E O LA
—T2ERGET DE IRDIDNTEIRTED, $70bb | JFFEERIEMINGROHIND B IR
IBDERF S KO RIS 357280, BT IL-17 JURPFRLE J0H =) T Fizidht
HMGB1 A H AL E D J7 B IFREEEFI O BN RE ) -T2b D EF 2 Hivs (Figs. 7B, C

and 9B), AHFFETRRDO SR ISEHEAEIL, B AR OTEMARICHEE | Th17 flicLs
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BERFRRICE D RESN TOLZEPHER SN, ITFREFRIED 5[ E &L BRF-LLT, HAR

i

FIETEMALIR TR HETHLHEE R ON, ITEERERT AR T2 L THETHLEE X
bid,

PGE |34 FERIC Z DA D RAE UGS ZILF LS E L2 LB TRY | TR ERHIITH
FRZIB W TR EROIRZENFRO HILTWVANABZ U BL O N A BE U FE M EE T
= Rz TGRS | Sk BT IR R KL L CofF A RSN THD
(Kobayashi et al., 2009; Higuchi et al., 2012), 7=, PGE; IZAFRIZISUCRAZEM: Ag ifn 4 4%
IERIEEL THOWSLILTNWAZ LD, ZaRMENHLAIILTRY, K TOMEANEETES,
AHFFEZINT, PGE #5120 EH AST BEOVALT HOK F 3RO BT (Fig. 10A)
Lz, MPO IBPEMIBE OIS T (Fig. 10C), BEOFHERDOIEAE/2L TR Z RS54
EHAL TdH%H MIP-2 BL MCP-1 DR T 235780672 (Fig. 10B), PGE; & 51285215
DEACIE, B FERDFE B L O EEIHIL CWDZEE7RLCEY, PGE, 28 DPH #%&MEiT
[ ORI L L THHCTh L Al REMES RS LT,

VL EXY . DPH B8 MHEIFEE 1L, TLRE &40 Uiz B ARG E N5 E#5e< Th17 MRz ks
PRSI ROTEMEAL SRS, 2 O RBEE R AP ERORME B KO EL R E | JIFREE

DOEIEZARN TV AT REMES RE LT,
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B IIE DPHFEEMFEEFEET VIURICKITD
FA=NHEEERORHBEFREEFEREICRITS CYPREHOK S

&
=
=
i)

%5 11 = ClE, GSH &R PALEH THSH BSO ZHIALEL . DPH 4 5 HHRERGT252LT
DPH FHEMNFIEEET L~ AZAERL | IR FIEIC o T A R 36 JOEG S ik
HEOTEMAL G EE IS4, R EZHEEICHEWTWSZ a2 R LT, DILI &M FEO
FInE TR DHFGRIT, BUSERBE DL EE Z BV TWD, BUSEREIIII~=a R T REE
DFFRLR, oGO IGRERZI U CHIIREEMEEZ B LS TS (Zhou et al., 2005),
APAP 558 VE TR R IE 7 I BT 2P 9E1 3R /09I T TR RUSERE DREA
NOIEINEIZREDETOBF N DDVREFNL TS (Adams et al., 2010, Fig. 11), DPH
LI R ERIEA FE T DI h 7o Th RIS LA B 8T 24 E 55, DPH 1L H
5 OFEIEYHESRE THDH CYP2C BLOV CYP3A ZFE T 52 LNHAILILTEY
(Chaudhry et al., 2010; Fleishaker et al., 1995) | CYP (2L D572 A TS (L 2S DILI F 4
DG1EELLTHEEL TWDABEMENR B 2 DiLD, €2 TARE T, FEFEICH 595500

RAMIDRRI, 725 TN CYP (RO T~ B 52DV TR AR A T~ .
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Fig. 11. Mechanisms of APAP-induced liver injury.
This figure was created by modification of a report by Adams et al (2010).

DPH OGHTREEIX, 7o B X e NFR o ay — AW 535 V= in vitro FFFE CREACHET
SN TS (Komatsu et al., 2000; Yamazaki et al., 2001), BRI OT v MZI1F5 DPH OfRGHT
PR ITADNCESATEY (Fig. 2). FEMHW THD 4°-HPPH (&, ERNTIEL CYP2CY, Tk
TIE CYP2CI1 IZ&»THEMEND, 4-HPPH 1L CYP2C9 LN CYP3A4 IZLDEDICR LS
NATa—AREIR D, BT a— R, BRBILSITRUSEICE AT o-3F /AR~ LA
S, o TBELRGREEER T 22 RESILTVD (Munns et al., 1997), F7z,
4’-HPPH ABGERRICIHB N T, REERF ) VRBI T LA R ERT 5 (Roy and
Snodgrass, 1988; 1990), 7L > A XL RiFTRF U NeRu7—R Il ko TiEs 2 H0 £
FOGZEITL, F/VBRPHEAEL | ZERVERRY A — LR~ LEHS 15, DPH REIC
BB EDIAREE IOV THEFMICHFISILTIY, CYP REHMKFHI78 L 7 A HE
BIROAEEHZHDHITVD (Munns et al., 1997; Leeder et al., 1992; Cuttle et al., 2000), <
DERTEDH—/7 LT CYP2CY & CYP3A4 NZEIFHIVTEY, DPH IZLD%5, FHEL

BLOWFREE 2 FE L7 BE O Mg 580 CYP2CY Lk 2 S Tu% (Leeders et al.,
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1992), %£7=. DPH ® CYP fX#HEAFEN72 2 R E ~DIAFEEIE. Cys. NAC BL O GSH
72 E ORI E AL T T, M<HHISNDZERNMAESIL TS (Munns et al., 1997; Roy
and Snodgrass, 1988;1990), &H12, 25 11 = CTHLMIZLIZEDIZ, DPH KKE#& 512z, BSO
ZOFR &5 52 THROFEENROBILE (Fig. 4B) 2D, BLE IS TEEHY)
(ZX DB B A~DIATHEE D DPH FF AT RS ZFHE L TODREMNE 2 B ID,

FOSHEREIL, — RO TREE THHIZD  TDOUDZEMHTHI LT TERNDN,
GSH f7#1E FIZIIT D& 2 EE i Tdh D GSH A RITBLE 1M RS MR O A= Rl
FRERL 72> TRY | ¥ 3 VEDE GSH & AWz invitro N7y B 77 B A72E DI ESLE
T3 (Gan et al., 2005), ZALE TIZ DPH O GSH F A RO FEE 2 RIE DA 23 <o)
5D, P12, T NVETH AR THLHY =T )L~ AN (DEM) ALiE%L7=7 > NI DPH
i 5958 DEM RALEREL LI L T, ATl 1T 552 0 "7 LO AR S RTE L 22
& (Roy and Snodgrasss, 1988), EMNTFI/ 0y — A% EERIRELT-FED CYP {HHALF )72 DPH
LR LD IAFEABTERA, GSH F7213T AT AL DIFINCE > TR F 952 88 HfE S
AL TV% (Munns et al., 1997), L7223> T, FFEEIRIEICEE 57 2O 1X GSH
BEINTHZENHEZZ SIS, LD, DPH @ GSH fGRIZ D\ T in vitro DRFFENG, 20
FAEDRHEERSNDH DD, GSH #1IL O LT 5T 4 — A A BB O A REA LT s
(3720, £ TARFE T, DPH & EPEATFEEFAE D DPH i 7 07 7 A /L &9 512
&7-0 . DPH #FEMENTIEE T /L~ U AO T B LM F S F A — LV fa S ARRE O
i A3 AT

DPH 1% CYP #FEREAZ A 35200, DPH KIEH G 2L > TR v 7 7 AL 3 &35
ZENEZBND, £z, EMIFW T DPH ST X 1-8 W [H O AE &K 512 k> TRIE
FTHZEms, KEEGAIZIARH T 07 7 ANV B A RE T D LT EETHLEE R T,
CYP FHEIC IO E DB MEN EE5612 L T APAP 23%1FHivd, APAP (3 CYP2E]

HDHUVNT CYP3A 722 D CYP FHEFRTALE 128D, APAP IZLDATREE N 095
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(Kostrubsky et al., 1997; Sinclair et al., 1998), APAP 25 SPEEHY) T NAPQI ~D1X;
ADTCHEL 72720 LB 2B TEY, CYP 3ah B S -iA D ZEI3ATIE S OO H 7
B SO EARE ME DILL Of 70 8| MR~ DG IR NN B 2 bivd, 2T,

DPH BB 51285 CYP ~D 8725 N CYP #58 £/ (XA 255 DPH &5 8 M pE

DS TR LT,

5281 EBRM B BI 0T E

I1-2-1 33K

ABT, BSO BX U DPH O AL 1-2-2 ([ZHEL T2, 7= /7L E X —) LT FSERiER L0 | &k
=17 —/LX LKT Laboratories (St. Paul, MN, USA) LW ALT-, 72— 6 U EE (G6P).
TNa—A 6 VM AKFEREFE (GOPDH) BLUB-=aF > 7IRT T =0V XILAF R
fi# (NADP") |34V 2 VEERE (BR) JWHEA LT, YXHI~U A Cypl3a /70— /LfL
& (sc-30621) (X% 27/ —RX (Santa Cruz, CA)LV, 7HXHFvk CYP2C13 RY7ma—F
PR (DA Cyp2e \ZRZEIGERT) 1TFEKRAT 4V (KK KA LT, RU7 o4k
v =V (PVDF) £ AL -PITHAIVART (HR) VAL, A%/ —LBLOT
Th=RUWZB R (ROR) @ HPLC M& L7z, £ DO IT4a TRl E7 i3 A1k

FHOLOE AW,

1-2-2 B OALE I L OVE A RO L

B L O OB BREDI S -2-3 ([ZHEC T2, RV o> GSH faE DO HIZIE, 11-2-4 (ZFD
SN 7= i CTDPH % 5 A B E# 5L, DPH fighk 485 3 BEE 2 I o R = F L o F =
—7 PE-5 (TA=2h 5UHF) ZREL, @A I RER R T T, DPH i 5 6 &R £T

HEEAI T R 2R B L 7=, HEF oD Cys LN NAC $8EOM I IE, I ZD EBRTHED

52



7= DPH/BSO #¢5-#£ D DPH ik #5005 24 BR#% 0 Mtz IV =, Cyp SR LEEHRTE
PEAFEN 57212 DPH #% 5-8if (Day 0) . 38X DPH #¢5-% Dayl, 2 BLTU 4 [ZHB\ T,
1-2-4 | ZHEC TRFIZ BRI B35 % T\ -80°C IZTIRE LT,

KTZ fF FALE ORECld, DPH & &35 1 BEREIRTIC . 2 — 2 IR f#EL 7= KTZ 50 mg/kg
(10 mL/kg) THREMERN# G- LT=, KTZ O# 5 8138 (Soo et al., 2010) (ZHEHLL 7=, DPH f%
FEBE G035 24 RIS T-2-4 D JFEICHES TRRIMLB L O A4V, fE ALT 15 &Pl
GSH & &% E L7z, %7, DPH BX O KTZ ZIEMENE G- L7z | FE# ICITlRE BRERL |
Cyp FERIEVEDOFHMIZHE L7, PB (2855 CYP FHEDOMRFT CII A A /KIZIEM LT PB 80
mg/kg (10 mL/kg) % 4 HEIERERN G- L%, AR AR KIZEAEL 72 BSO 700 mg/kg (10
mL/kg ) ZREFEN 5 L7, BSO #5205 1 K& 122 — iiciEfi# L 7= DPH % 100 mg/kg
(10 mL/kg) CTHIEIRX D& 5- L7, DPH #& G- EH&Z B L 6 K12, =—7 VIREE T CRF
DRERILL . SHIT 24 14 I CER L3S L ORI A4 TV M4 ALT fEA I E L 72, PBIZ&5 CYP
FEARRET D200, B L2 5 IEICHE PB & 4 H G LIz~Y 2Oz EI LT,

KRIEBRIZBT 5T N TOEY FZBIT SRR FEY ERRFGEHIAE > TER LT,

I11-2-3 DPH #FFHE M fEEE T /L~ 7 2O JHHH GSH fa & (B L O AEH Cys F721% NAC
AR ST

[I-2-2 CEELZMEHZ7 — L L, ZDHH0 20 uL IZHFEEDO T BER=RN/LE/Z., 13,000
g T3 pfiE.OL, RIGESITICHZ, £72, DPH i EME IR E T 7 /L~ T A0 M4E 20 uL
(240 uL 7 ER=RIVZINZ | 13,000 g T 3 srffliz Do BEL . BIEE I W, kiR
<7 T WERSHTEE (LC-MS/MS) (21E, HP1200 & diRik /7 n~ k757 41—
A7 . (HPLC, Agilent Technologies, Santa Clara, CA, USA) 35X ORI T AVE &0 4T
&2 25 L7 Q-TOF Ultima (Micromass, Manchester, UK) %\ =, 777 1213, Sun Shell

2.6 um, 150 mm x 2.1 mm IL.D. Z7ua~v=y77 7 /uy—X (Kfk) AL, BB, 10
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mM FEET =T AR OTBR=RVRE AR (95-65% 15 47, 65-5% 2 43, 5-95% 1 735
F95% 7.9 43) T, PiiiE 0.2 mL/min £L72, =L 7 RhaRX7 L — A4 AbiE 120°C T, BGA
FET—RT28kV, [BEAAE—RTIL3.2kV TfTo7, AVTar HRIZIIT AT &2,

AVVar T RX —L S eV, I—UEEIL 35V | PUABLHR L 250°C ELTz, 2—2 T AE
FOWRBES A 2135 HE 2 O, FiEHITZ 240 800 I/h LT 100 V/h EL7-, Q-TOFMS 7>
LN T —H %, B EOWENT 7 b =7 Metabolynx (Waters, Milford, MA, USA))

ERWTHRATL, T4 — A G R OREET 72, MSIMS 777 AT —arkgpalya
THLF—1F 10-40 eV (TR E LT, SN OREIEIL, MS/MS THROLNTZTT 7 A

T =g A= BHEE LT,

1-2-4 (f4EH DPH 725 QNSRBI E

DPH &M EE T /L~ ADME 5 ul 12 20 ul O 7 Eh=k/1E 20 ul DPNAZEATR
(10 nM RT3 &Nz IRA LT, 13,000 g T 3 iz 0oL . EiE2 o0V,
Wik ra~ s o7 5207 MG S HTE (LC-MS/MS) 121, Acquity UPLC 2 A7 A
(Waters) LN 7 /L IHERRA MS/MS 225 L 7= Waters XevoTQ (Waters) &\ 7z, 77
7 I\ZIE, Acquity UPLC BEH C18 #7724 (1.7 mm, 30 mm x 1.1 mm, 1.D., Waters) Z{f L
7=, BEIfHIX. DPH, 4’-HPPH, Cys-DPH :3J.(O°NAC-DPH D E &(ZI%, 10 mM FE7 > E=
LT B R= RV EEAEL (98% 0.5 47, 80% 1.1 43, 65% 0.4 43, 2% 0.5 43 F55 18 98% 0.5
47) LU, ¥EiElE 0.5 mL/min £L7-, DPH O Y bRy 4 —/ 14K, DPH-Glu 33X 4’-HPPH
O-Glu OEEITIL, LROBENE TOXERT =7 AORDVICFEE AV, 7Eh=KL
AR I OVEEIL LR EFRRE LTz, 2NN OREITZ ERKISE=F#V>7 (MRM) T
LT, M LT=Z2nEnoIbEYD m/z % Table 2 12779, Xevo TQ MS Dy #T 13
FyETV—mEE 0.5kV, Y —RARE 150°C, PR 600°C &L, 2— 0 T AL IO A

HANTEFZZ2 AW, TiEITZ 30240 100 Vh 38X V1200 Vh EL7-, ayar T AZIEZ T vE
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VAV, JiEEIE 0.15 mL/min L7z, DPH 35 V4’ -HPPH O IR FE 1, ©— 7 Hifli% 45
fEEL, MEMA IS 22 TR Lz, 2R LS o REICBL TiE, REtimiksh
TR ToTzh | YO —VifiAE  WIEEDE (RT/33V) OE—ZHEFECERL7Z, H
SHEIZ X0 M S R FE HERS 2 f# AT L 7=, DPH 355 OV 4°-HPPH (2B Tl IEEWE O
MS/MS 77 A b= J0  Y5% D757 A DPH 38X 4°-HPPH HIR ThHhHZ L%
B L . ZNLISNDIEEYE IS AF TERDSToREIZEAL TX MS/IMS 777 A bR

—VHTICED, R OREEHEE LT,

Table 2

MS/MS conditions for the Xevo TQ MS instrument.

Compound Mass MRM transition Ion mode (ES) CV (V) CE (eV)
DPH 253.04 253.04 > 182.00 positive 30 20
4’-HPPH 269.03 269.03 > 198.10 positive 30 15
DPH-Glu 427.11 427.11>251.10 negative 25 15
4’-HPPH O-Glu 443.11 443.11 > 267.10 negative 25 15
Dihydrodiol 285.09 285.09 >242.10 negative 25 15
Cys-DPH 370.10 370.10 > 283.10 negative 25 15
NAC-DPH 412.10 412.10 > 283.10 negative 25 15
IS (verapamil) 455.00 455.00 > 165.00 positive 40 30

Abbreviations: CE, collision energy; CV, cone voltage; Cys-, cysteine-conjugated; DPH, phenytoin; ES,
electrospray source; Glu, glucuronide; IS, internal standard; MRM, multiple reaction monitoring; NAC-,
N-acetylcysteine-conjugated.

I1-2-5 /ey —AESZHBITHIZY T LB LNV T ZIRKER LB SR TE R E
JHI7ay — #5313 Emoto & (2000) O EICHES CGREEL -, IFX/my — AFE 34

VERREI, ey a7 VoY E LT Ty R 74—k (Bradford, 1976) (ZXOHIE

Uiz, R7ay —AZBIFAI% VT4 (MDZ) BLOMLY 7 #IK (TOL) KEE(LEERTE M

Emoto & (2000) D HF{EIZHES THIELTZ,

[1-2-6 SDS-RUT 7V T IRF IVERIKEIB LN 2 AX Ty T 4

Laemmli (1970) O J51EICHESTSDSARY T ZUNLT IR IVESKKEIRL NI, Yo AX T
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1T AT wAT o7, Cyp2e B Cyp3a fEMTIZIEL, ZTHZ L 1 ug F2iT 4 ug OIFI7mY
—ALE 5% 7.5%0 SDS-ARUT ZUVT IR MTIREL , ERIKEN LTz, vkElth, &2 08 %
7 V725 Immobilon P PVDF [EIZ#ES 7=, 5% Odyssey blocking buffer (Li-COR
Biosciences, Lincoln, NE, USA) T7 ay¥ 7%, —IRFUK (7L Cyp2e RV 7ma—F /b
PEH DTV FHL Cyp3a &/ 7 — T /LHuiR) TRERLUIZE | SOUEEMARR & ZIREUE
(IRDye 680 HYF IgG HLA£721%, IRDye 680 Y X HT7HF IgG Hifk Li-COR
Biosciences) THLE L, Odyssey Infrared Imaging system (Li-COR Biosciences) % H VN THi Hi

L. SRR E LT,

1-2-7 #EFHFHIREAT

[1-2-8 (ZHEL 7=,

11I-3-1 DPH #F &M ENFIEE £ 7 L~ AD LI OF A — LA G RO 36 L O EHEE
DPH &M FIEEET L~ A (DPH Bl 5~ R) D DPH i #&4% 5- 3-6 I§[i £ DR
112 HWT, LC-MS/MS TF A — /WA RO 2T, 129 u D=2 —F7 Vv aARF ¥
IZXY GSH A IREIRRLIZEZ A, IAHEEN 9.87 M EE 2 — 7N Bd b= (Fig. 12A),
ZDOE—27® MS % Fig. 13A (2R T 23, DPH (I VAT AL M LTz [M-H]IZFE Y 3%
m/z 556 DT FIVPRFBO B, IBIZ, JNVETF A Oeal VAL EEE R m/z 128,
GSH O C-S i & DRHZIZ I > THEL D m/z 272, BI OB U BRIZ GSH M IS Tng
EHTRTY m/z383 DU FARRHLIIZ, THHOFER)G, DPH i8R EET L~y
ADRETH1Z DPH O GSH fA R FEIEL TOBIZEIVRIBS T, MZZ N ETITHE RS

LT DPH A 3 S e~ T2,
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I11-3-2 DPH #FEMERFIEE T T N~ AD MBI 5T A — AL A RO H B L O & HE
E

DPH #% &M TR E €T /L~ A (DPH/BSO # 5~ R) ¢ DPH & 56 5- 24 R #4 0 1fn
$E2 T, [RIERIC GSH IZFEMZee e 7 VA iR OBZUCH K95 129 u D==2—r7/L
HAAK¥> (Baillie and Davis, 1993) Z{To7203, B —ZIZ7OH B >T- (data not
shown), GSH $a & REHIE, — R IR KO RIS BT 2y-7 VAV T AT T
X —BIZEY, GSH IZEENDT NAILERET VU U RO BRD L, RN AT A A4af
(RA~LEHEN DT (Meister and Anderson, 1983). ML Tld GSH #1 & AKDTE/E &1L
ROBDEHEERI T, FTo, VAT A BB RITEAEBNC N-T BT VRF AT 27— X
ST NAC B EA~LEHEND, 2T, DPH D m/z 251 12 Cys (121 u) F£721Z NAC (163 u)
DIy T BEDINEIVTZ m/z 370 B 1V413 DA 4% selected reaction monitoring (SRM) T
RRLIZEZA, FNEIL 9.7 458 107 I8 — 23380 57~ (Figs. 12B and 12C), Cys 4
BIREHEES VD m/z 370 DAL 0D MSIMS A% Tl VAT AL D C-S fE A DRIZUTH
KT m/z283 DUTFADBRDOHIL, Fo, NUEBUBRIC Cys IZEEND S STLHEDFEEL T
WHZEEIRT miz 109 D7 F VRSN (Fig. 13B), NAC AR LHEE XD m/z 413
DAZ D MS/MS AFr 2 Tld, NAC O C-S #E G DBARIZH KR T 5 m/z 283 DI 7 F )V BX
ORCEBUERITNAC ML TWDZE 2R T m/z 240 DY 7 F /0 NBUBRIZNAC H2R
D S TBEMPIIMENTZZEERT m/z 109 D7 F VRSN (Fig. 13C), ZHHDHE R
X, T LI 3RO ME T X TRL Tholz, ZRHOFT A — A KL, TLoAF R
K725 GSH fa & %% 7 ieféBII NAC fl SR~ LR SNDZEETRL TV D EE AL,
LUk B0 DPH ST E 7 /L~ 20 HZ DPH @ Cys 3LV NAC #14

ROFET DI EDRIERINT- (Fig. 14),
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GS-DPH (9.87 min)
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Elution time (min)

Cys-DPH (9.70 min)

(B)

Elution time (min)

NAC-DPH (10.76 min)

(©) V4

Elution time (min)

Fig. 12. LC-MS/MS analysis of GS-DPH adducts in bile (A), and Cys-DPH (B) and NAC-DPH
adducts (C) in plasma of the DPH-induced liver injury mice.

MS spectrum of GS-DPH, Cys-DPH and NAC-DPH at 9.87 min, 9.70 min and 10.76 min of the
elution time, respectively.
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Fig. 13. LC-MS/MS analysis of GS-DPH in bile, and Cys-DPH and NAC-DPH adducts in plasma of

the DPH-induced liver injury mice.

Mice were intraperitoneally injected DPH at a dose of 50 mg/kg for 2 days and then orally
administered at a dose of 3 days. The plasma was collected at 24 h after the final DPH
administration. The bile was collected at 3 to 6 h after the final DPH administration. The bile
pooled of 4 mice was used for the LC-MS/MS analysis. MS spectrum of the parent M ion m/z 556,
m/z 413 and m/z 370 were observed at 9.8, 10.7 and 9.7 min of the elution time, respectively.
Product ion spectrum of the each of parent M ion was detected in the bile (A) and plasma (B and

Q).
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Fig. 14. Proposed metabolic pathways of DPH in mice with DPH-induced liver injury.

111-3-3 DPH &2 O 0 H 8 i BEHERS

Day 3 33X Day 5 (28175 DPH 3L O ORGSO i h g EHERS % Fig. 15 1R~ T,
DPH O i R FERHERS 1T Day 3 331 O Day 5 EGIZFEH TR THY, DPH #% 5-1% 3-6 I
FCNT T ERBFROLIL, £D% ., BRI T 238D bz, Day 5 (28T, DPH &5
0 RO MAE PR EABRE | Day 3 LU THBERKEEZ R LZ, ZERHHTHD
4’-HPPH X Day 3 3L Day 5 LG ICIZIZ R UHER 27~ L7275, DPH #5725 24 K123
VT Day 5 OIMSEH IR EEAS Day 3 LELEGL TEVWEEZ R LT, YEReY A —/ LT, Day 3 &

DY Day 5 CH BEIZEWIBEA/R LT, 4-HPPH O-Glu |Z. Day 3 TIIHRALL T TH 7=
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23, Day 5 CIIRRHH FTRETHY | R FA e i PR E O E R 23357z, DPH-Glu 1,

VeRRYA— L ERRRIZ, Day 3 LR T Day 5 TH EIZE WA REZRLTZ,

NAC-DPH 3£ UF Cys-DPH |4, Day 3 TR IRFLL T Th o773, Day 5 TREEUKAFAYZ2 1L
HEIRE D ER2ROBI, L EXY | IFIEEIERFEIERFO Day 3 &t U CITREE I8 IE

K Day 5 Tlid DPH O TLHES I TODZENRIINTZ,

DPH - i i
100 400 4'-HPPH 250 Dihydrodiol
-®-Day 5
80 -O-Day 3 *
§ 300 3 20
< = = f=
£ F 60 s 15
5w o £ 200, 2
2 240 £ 210
S <
20 ok 100! y
3 1o 15 30 35 00 5 10 15 20 25
0 5 10 15 20 25
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PP (. DPH-Glu AC-DPH -
1000, 4-HPPH-O-Glu 210" oo, N 400,  CysDPH
T 1000
., 300 5 1.5x10"] 3004
g g & 800/ 8
= 600 S 8 g
2 = Ix10% Ry 2 600/ & 200
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0Q0-0—~O———O0————0x 0. : : . , 0. . ; ; : .
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Time after the DPH administration

Fig. 15. Changes in the plasma concentration of DPH and its metabolites in DPH-induced liver
injury mice.

Mice were intraperitoneally injected DPH at a dose of 50 mg/kg for 2 days and then orally
administered at a dose of 3 days. BSO was intraperitoneally injected at a dose of 700 mg/kg at 1 h
prior to the each of DPH administration. At 0, 1.5 3, 6, 12, and 24 h after the 2 days intraperitoneal
DPH administration (indicated as day 3) and after the final DPH administration (indicated as day
5), the blood was collected for assessment of DPH and its metabolites in plasma. The data are
shown as the means = SEM of the results from 6 to 12 mice. Differences compared with mice on the
day 3 in each time points were considered significant at **P < (.01 and ***P < (0.001.

I11-3-4 ABT {f FHALE (LD M AEH ALT fE#ER DO 2L B L O+ GSH & =D 24k
ABT {f F L& e 35 T OFEDE H AL E D DPH/BSO ¢ 5.~ 20 . DPH fr#& ¥ 5-1% o Ifn 4
HALT fEOHER 2777 (Fig. 16A), ABT ALE 2L, WO I W THIMEH ALT

1%, ABT FEALERES LBk L TR AR L . DPH &% 5 24 B I B W CI3a B KAl
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ZRUT, #E> T, ABT BERIALIEIZLY DPH #5EMETRE SRS A EARENT, 2,
DPH f#&$% 5- 24 FEfi1#4 O T+ GSH & &% Fig. 16B (27723, ABT ALEFETIX
DPH/BSO £ 5~V ADRHgH 7 V4 F A & BIA IS EEZ /R LT, LLEXD, CYP U3

(CRVEASNDBE PRSP ST IR B FAEIZ B 5- L TWD ATREME D R ST,

111-3-5 ABT ff FlALEIZ L5 DPH OfG#H 7 a7 7 AV DAL,

ABT RUE R LN IEALEREII51T % DPH i #& 4% 5-#% D 8 o DPH J6 LU O ML 4
R EREE AT (Fig. 16C), DPH IZ, ABT #L& (250 DPH i #& 45 5- 3-24 BER #2120 T T
ABT FRALEREL LI L TH B2 S EA 7R LT, 4-HPPH |3 ABT L& IZLY, DPH ficfédk 5
3-24 BEfEI 2T T, ABT FEALEREL Ui L TR B2 IRfEZ R, PEReY A — /URIZEB 0
TIX, 6-24 FFH#ZITT T, AERIK TA7R L7, DPH-Glu 3C°F 1%, ABT ALE#EEFEALE
BEMCENRDO N0 723, 4°-HPPH O-Glu %, DPH e $e 5- 24 i #2128 T, ABT
FEALEREL LB T BERME F 2R U=, ABT ALEIZED ., Cys-DPH (W OB IR0
Th., NAC-DPH (X DPH i #4% 5- 24 REfE 4 I3V O BRI EA R LT, LA XD, ABT ff
MALEIZED, CYP AREHKAF AN AR SO DRE L S L E SN TWD LD IRENT,
Fo, AW OEAMEN A DPH O MU PR D _EF 235580510, DPH OARGH A HE

SITWDTEDTRENT,
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Fig. 16. Effects of ABT treatment on DPH-induced liver injury in mice.

Mice were intraperitoneally given DPH at a dose of 50 mg/kg for 2 days followed by oral
administration of 100 mg/kg DPH on days 3 through 5. BSO (700 mg/kg) was intraperitoneally
injected 1 h prior to each DPH administration. ABT (100 mg/kg), a non specific inhibitor of P450,
was intraperitoneally given 1 h prior to the final DPH administration. At 0, 3, 6,9, 12, and 24 h
after the final DPH administration, the blood was collected for measure the plasma ALT levels (A)
and DPH and its metabolites concentrations (C). The livers were collected at 24 h after the final
DPH administration to measure the hepatic GSH contents (B). The data are shown as the means +
SE of the results from 4 to 12 mice. The differences compared with non-ABT-treated mice in each
time point were considered significant at *P < 0.05, **P < 0.01 and ***P < 0.001 (A and C), and the
differences compared with the non-ABT-treated mice were considered significant at **P < (.01 (B).
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(Fig. 17A),
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FIEMEE /R LT, F72, KTZ ALiE S 7= DPH/BSO £ TOL /KL% SR IE 1L, BSO £ 5-1%
LRI DEZ R LT, LI223> T, DPH IZEV#FEENT= Cyp2e BESETEMA, KTZ 23 HEL T
WHZEDRINIZ,

MDZ 1’-OH A sl B¢ 15 1%, DPH/BSO #5-#£13 BSO Hh#& G- & i L TIREA7RL
7=ZL05, DPH 51 Cypla BERIEEAAK FS B DI EAVRENT=, Fi=, KTZ AL
128> T BSO Hiilif 5-#£D MDZ 1’-OH A= sl R T PEIX KR fE A 7R L7243, DPH/BSO
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Fig. 17. Effects of ketoconazole on DPH-induced liver injury in mice.

Mice were intraperitoneally injected DPH at a dose of 50 mg/kg for 2 days and then orally
administered at a dose of 2 days. BSO was intraperitoneally injected at a dose of 700 mg/kg at 1 h
prior to the each of DPH administration. Cyp inhibitor, KTZ (50 mg/kg in corn oil) was
intraperitoneally injected 1 h prior to the final DPH administration. At 24 h after the final DPH
administration, plasma and livers were collected for assessment of plasma ALT levels and hepatic
GSH contents, respectively (A and B). To assessment for the effects of Cyp inhibitor on hepatic Cyp
enzyme activities, hepatic microsomes were prepared from Mice immediately before the finale DPH
administration. Microsomal Cyp2c and 3a activities were assessed by the method described as Fig.
16. The data are shown as the means £ SEM of the results from 4 to 5 mice. Differences compared
with the non-inhibitor treated mice or BSO alone treated mice were considered significant at **P <
0.01 and ***P < 0.01. 1P < 0.01, N.D., Not detected.
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EOHBEREMEE R LT, L7zn-> T, DPH KE# 51250 Cyp2e 3L Cyp3a X277 %
BIDNFHEINDHZEN RSN,
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TIRfEZ/RL, Day 2 BL O 4 1 3H B2 R E%2RLT=, Cyp3a lZ&o> Tl S 1D MDZ 4 {27k
PR L IREE B TEMEIT Day 1, 2 BEON4 OWT ORI W THB R AE (2 pmol/min/mg
protein) UL FOIEME T o7, DPH KA #2510 50 Cyp2e BEETEMEN EH-Li=2L&755, DPH
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Fig. 18. Effects of DPH administration on Cyp2c and 3a protein expressions and its enzyme
activities.

Mice were intraperitoneally injected DPH at a dose of 50 mg/kg for 2 days and then orally
administered at a dose of 2 days. BSO was intraperitoneally injected at a dose of 700 mg/kg at 1 h
prior to the each of DPH administration. Hepatic microsomes were prepared 24 h after the 0, 1, 2,
and 4 times after DPH administration. Microsomal Cyp2c and 3a contents were assessed by
Western blotting analysis. The quantitative analysis of protein expression was performed using
densitogram (A). Microsomal Cyp2c activity and 3a activity were evaluated by tolbutamide
hydroxylation, and midazolam 1’- and 4-hydroxylation using high-performance liquid
chromatography, respectively (B). The data are shown as the means £ SEM of the results from 4 to
5 mice. Differences compared with the 0 times of DPH administration mice were considered
significant at **P < 0.01 and ***P < (.01. N.D.: Not detected.
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Fig. 19. Potentiate effects of Cyp2 inducer phenobarbital on development of DPH-induced
hepatotoxicity by single DPH administration.

Mice were intraperitoneally injected PB (80 mg/kg) for 4 days and orally administered DPH (100
mg/kg) on the day 5. BSO was intraperitoneally injected 1 h prior to the DPH administration. At 0,
6, and 24 h after the DPH administration, the plasma were collected for assessment of plasma ALT
levels. To assessment of hepatic Cyp2c activities, the livers were collected at 24 h after the 4 times
PB treatment (80 mg/kg for 4 days). Cyp2c activities were determined according to the method
same as Fig. 18. The data are shown as the means + SEM of the results from 4 to 5 mice.
Differences compared with the non-PB treated mice were considered significant at **P < 0.01.
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LTAERSNTWDIEDRIESNTND, —J5, EMTRZ Y —A# 53 % W TZ i & 05,
CYP REHEA Tz R EIAREARIX, DPH 2B L7 p 0 | 4-HPPH 2 5LE L L
B o Te 2 e D BOSEREIPIE 4 -HPPH D DREEASILD 0-F /ARERIBE LT
% (Munns et al., 1997), ZHHDOME TIE GSH =° Cys (L0 Z L P A FES KT R O
FIDBDOENTNDBZEND, RSB TTF A — LA RN A K T 52 L HER SN
BN, FA— VB IROGFAEL BRI L2 513720\, £ 2 TABIZEIZH VT,
LC-MS/MS % T DPH & MATIEE £ 7 L~ AD B B L OMAE NS F 4 — L G
Rz L7 24 GS-DPH, Cys-DPH 33X TN NAC-DPH (ZH kT 5L5 2 5
MRHENTZ (Figs. 13A-C), ZRHDF A — LA KIZW$ s DPH OB UBRICTF 4
—DES LT ChHZ e ST,

DPH DS SHERBIEL THEE SN TWDT L AR TR E 0-% /KA GSH A S -5
B BT 3ALEIEL 4020 GSH BfER T 528 T, 3 EIL 4128 EH GSH F7213K
e LS A LToREH) ~ B S AL, WK SO IS K KR EE 738 i, DPH DX B BRIC
GSH 73 & L7z GSH 8GRV ESn D HEESND, TV AF U RZI IO LT H TR
UL, FEROBET T GSH T B BB B ESNOZENN BT = Vg TGS T
% (Ross et al., 1996; Nishiya et al., 2008), — 5 C, $E D o-F /MR DOLEIX, 2°HDNE S
fLIZ GSH MG L, BT F /U DB LI, BT a3 — W REL TR IEITIFAET HEHES
NDD BTN TH T a— MR EZ /RS 5 MS B — 213 HE 20 o7z, LIzd> T,
AR TSN =T A — A& RIE, TV AU RARICHK GSH & Z2/k7=0h, it
IKENZ &5 T GS-DPH 3RS AL, EHIZ AV 7Y — VBRI 1T Lo TR & 7z
Cys-DPH X TN NAC-DPH LHEER &7, 11-3-4 OFE RS DPH B 512 L~ ThPl
GSH & #E)ME FL722 8 (Fig. 4A), BSO {fFHALE (2K~ C DPH #5384 e 3 B L 7= 2
ED (Fig. 3B), i GSH & EDIK T &, BSO XD EEOR E L HE - HEHm T

HDHT VLA XU RIEO LR EN L CHI RIS TWAZEARIBI I,
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KET N~ AZHTHMHEH DPH 36 KO E 2RI E L 72L 24, DPH O fic KR EE
1B X% 80 ug/mL. 4-HPPH (% 0.36 ug/mL TdH-7= (Fig. 15), — 7 T, EMIBIT A ME
DI KIEEITZE 52 ug/mL BLOY 1.64 ug/mL LSS TD (Vasko et al., 1980;
Kerb et al., 2001) , ZDIENL, KT AET WZEITH DPH O FBE SR IX R E K ELTE
HEL TV EB 2 Hib, L, (Rt T o 4 -HPPH £ %1%, DPH &M EET /L
<D AR D MIE R E DS EREVRAEZ R L CODIEDD, w7 A XeR &Y 4-HPPH 4%
REDMENEE 2 BILD, LI2A > T, DPH AT HIIEIZ IV T, CYP IKAFAI7ZR A
TEMAERA LB THOLERE T DHE, vV AT IFEEEZFIE LIS D EHERS L, o2t
»3 DPH #FH8 M AFIE H 2 RREY CHBLTEXZ2WEIK O 1 Do THD AREMD ® D,

ARG I51F 5 DPH HEMEFIEEE T /L ~U A%, DPH @ 5 H MO KE R 512XV ik
FAFGET A5, DPH HL[A$ 5Tl BSO LB IZE > THIFREFEIZFIEL2V (Fig. 4),
ZDZEIEI DPH OB GIZEY | RO AFRBERERZE (LS F RS, FREENBIELST
WERIFEAEBEL TODZEEIRIBL CTND, 11-3-6 OFE R I | 505 A TR ERIE I -
BB THT 70, LIS O 1280 FFBEEFIE DTG E e D FRFH LN T
WHEE R BV, EMZEITS DPH #FEMENTIE S S . DPH IR A OFAEE T 1-8 JH [H 224
HZ LMD (Mullick and Ishak, 1980), DPH 1 B2 KA AERO A BIREREZA LM HELR S LD,
DPH OREHEEIZEY, Eb Ty B I~ TRITHVT CYP2C BLT CYP3A MiFESNLD
ZEREIBI TS (Chaudhry et al., 2010; Fleishaker et al., 1995; Yamazaki et al., 2001;
Hagemeyer et al., 2010), 24150 CYP 77 1-f X DPH {EHHZEI 5-L T3V, DPH #1250,
DPH OAGH 7 07 7 AV BEALT HATREMEDS B 2 511D, CYP FFEITIEAOFHREIZ, BERL
PRWIEF AR AN DY | BE T REFERLIN TS, DILI FJE &R -517 7
HAIRELEA LR, DPH FEMT RS 7 VL~ ZAORH T 07 7 A VA fRIT LT/ R T
fEEIAERFOD Day 5 CTIEZ NI mr BIAEREED | WT IO ORED | R ERIE

KD Day 3 LHHZL TRifEA ~RL7C (Fig. 15), 2D ZED D, DPH KE# 51280 CYP 1285
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BRI BB B X O vy a s Bt & BUS S TUHE T 52 E DR STz, EMZEBVWT, DPH
DTN BEIA SOGZE T 5 UGTIA 73 DPH IZE> CREEINDH I EDRIBEILTEY,
DPH-Glu D4 A DPH KB B G- K0HIMNU 72 5E 13, Ugtla OFFEIZE K32 AIREMEDS
EZ5N5 (Sytherland et al., 1993), BLEEZE = &2, Cys-DPH 3L NAC-DPH (% Day 3 T
TSN, FFREERIERO Day 5 DAZEBWTHRIHSNZZ &b, BB TR SR
W THLT L AT ROERIL, DPH O AEHRGAIZ IV RARES D ZEDTRRS NI,
ZNHOFERND, DPH # B8 E 5 E 1238\ ) C DPH M B 52 AR e 7 7o
AL HFEEIIED S &L Tz o TS ATEEME DN RS I,

—J7C, CYP [HEAI ABT Z DPH & BN IEE €7 L~ A AL E T 52 & ChFIES
DEFISILTE (Fig. 16A), ABT GFHALE 2L DPH O 7 07 7 AV DAL Z ST L 7= L2
7. DPH-Glu A ORI 1L, ABT ALEIZIVIKfEA R L7= (Fig. 16C), 4%+ DPH j#
FEIE, ABT FRALEREE L L C, ABT ALERE T 2 i5LL RICEifEA R LI2ZLh D, DPH D27V
T 7 AT Cyp RO T G- RENWEE X BV, 7o, ABT fFHALEIZLY 4°-HPPH O-Glu
O MAEFPREEDMR T 2R L7223 ZaUZ ABT PFHALEIZEY 4-HPPH AR & AME T L7-AE
. 4-HPPH O-Glu FEAEDLIK FLIZLOLHEEIS D (Fig. 160), T EFAERF .00 DPH
RETDITFIR EARIIE R R L SN TD L, CYP FEIZ L > TR E SRS
Ni=Z&nb, CYP O TUEN R EFRIE IR 5L T EF 2 bz, FFIZ, BSO IZXD
DPH #FE T EN BT D22 B BT 5 I NEAT A ARG EZIT DT LA URE
MR BUCE 5 L Qb EHEEES D,

KTZ T —#IZ CYP3A4 Z [ ET 203, Ml & CTRETHZET, CYP2C X HFHE/EH
#7579 (Emoto et al., 2003), AFICIE, Cyp2e BEFRIEMEDILEIZ LA TR EOFEFZ 1
FFLC, DPH #B 8P E £ T L~ AL KTZ GFALE LTZ, £ ORE R, e FRRE L L
L CHEEZEDOEMNRD LI (Fig. 17A), STl GSH & B AR Bt & el L CfF

BICEEA R LU (Fig. 17B), ZOZED, KTZ 1% DPH 7% S ks R E 12 B - D Ui
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PERGE D AR Z I L TODZEDIRENTZ, IRIZ, KTZ JFRALEIZ L DA 70 — L 5y
IZB1TD CYP BERIE I~ DL RGILTI-E 25, Cyp2e BERIEIEDFEIE L7027 TOL KER{L
fERIEMEDS, KTZ ALEIC KB IR T 0280 Rsiz (Fig. 170), LA EXD, Cyp2e 23
DPH &% 38ME IT I 5 N2 T 59~ D UG MHEARE D AE R D — bz 5> TV D AT REME D RS HL
72, —J77C, DPH/BSO 5~ A 2B\, Cypla BERIEMEDIEE LS ND MDZ 1’-0OH B X
N 4-OH A kTR TEIL, KTZ OF I ALE IC KA B ZE iR bivieh»7= (Fig. 170), L
L, BSO Bl b~ AT KTZ Z 0 FALE L 7-BEI21%, MDZ 1’-OH 35X U* 4-OH A= fk %
FIEMENEBIIE TLTWAIEND (Fig. 17C), ARRFHII 1D KTZ $5-5:44:1% Cyp3a B
FIEMELET D+ B ERETHoT-2emBE 255, DPH/BSO 5~ A28\ T,
KTZ |24% MDZ 1’-OH 3L T 4-OH Al TEEDAR T3R80 b7 R EL T
DPH DO E B 512550 C, MDZ 1’-OH BL O 4-OH R DA aliFE G TEDNBEIZIK FL TV
ZHICERTHEE ZLND (Fig. 17C), AR L7-X51Z, DPH iZ Cyp3a (2% L T mechanism
based inhibition (MBI) Z#BHL 92 AIREMEVVREILTERY (Fig. 18B). KTZ ffFFAALERIIZ,
DPH 7 MBI (Z2XY Cyp3a i#&1E AR E T 52T, KTZ (285 Cyp3a &5 MR E7h 5
DO TH D EHELZI NS,

AIRFHIFUN T, Cyp2e > DPH a5 BT O FEAE | S B2 SO 0 A2 pl 2 B
HLTWAZEARIBS N0, EMZEBWTIE CYP2C9 BL CYP2C19 D s 1-Z AN
DPH #FHEMFREEDOIRAI 7 774 —L U TR LARNWZENHIESIL TS (Pachkoria et al.,
2007), AAFFEIZISUVNT, CYP 8L GSH & &DIK T &V 2 DDF 7-12d&-> T DPH # &Mk
HEERIEVAZ D@ EL A aEMEEZ R LI, LT2h > T, CYP OB FERO A5 GST
y-GCS DG ZH G TEETHILT, ZNHDRF-NIAI 7774 —L LT DPH
FEMEF R EICE S5 L QD00 AR5 Z L3 /SIS,

DPH A& GAZ L7 0 7 7 ANV AV DR IR Z R 5725 . DPH O T ZEAR M T
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U Cyp3a #7378 75 DPH & G- HI{K RIS ® 2R L7z (Fig. 18A), Cyp2c (21T 555
Y Day 0 LEEERL C, FFEERIEDERTO Day 4 THEZ 3 %, Cypla lIZBWTEB L% 4
&<, DPH IZXY Cyp2e BXL O Cypla XL "V ERBEN EFTHZL00REN, ZRHD
Cyp &) DPH (G THE IZER DS > TOD T EDVRIR LTz, DPH IZENB LN~ T RIZHB W T,
TLTF X ZRIR (PXR) BLUOWERMT RuAZ L ZRIK (CAR) 2L, CYP3A B
KON CYP2C #3545 D135 Y (Jackson et al., 2004; Chaudhry et al., 2010; Luo et al.,
2002), AETCRRO B Cyp2e BELU Cyp3a 2o /"7 EOENINL (Fig. 18A), ZNLHD=
BIRENLTZHLDEERSIND, ~TAIZEITS MDZ 1’-0H B #E7EMIL, Cyp3a DAH7e5Hd
Cyp2c IZE o THAMEZINDZ LD Cyp2e /7 T I~ T A% AW EBRNO RIS TND
(Waterschoot et al., 2008), — 5 C, MDZ 4’-OH 35 1EIL Cyp3a i@ IR THHI ENREI
TWD, AREHZIBTIL, DPH RE #5-12 80 TOL KRk IE MDY AL, MDZ 1’-OH
FERIEPEDAL T FRO BT ED 5, DPHIZEY Cyp2e R IEMEITHEINL . Cyp3a R 1E
NILESN TOAZENREBENT (Fig. 18B), &HIZ, ¥ A Cyp3a HRAICAES NS
MDZ 4-OH B#32 151, DPH 512X > TR R, FICETIR T L7 (Fig. 18B), L7223
T, DPH K1E# 51250 Cyp2c BEL O Cyp3a X "7 E DR BLFENFHELII, Cyp2e B2
FIEED EFBBEDONDZEN RSN, UL, Cyp3a ix. DPH KIER S1c k& <08
BN EEZ R UIIZH B DL T, BERTEMEITEAD L, &0 VBB R L FERTE D
T AHE L7 o7 (Figs. 17A and B), DPH [ZEMTZ 1Y — ABE4F 2BV T, CYP fRHHESF
BIIZ CYP3A LA A ZE T 52805 (Munns et al., 1997), DPH I CYP3A 2% T
MBI Z #5322 LN HELLS LD, Fio, T M 20 H [ DPH % K48 £ G- S W72 Mgz BV T
CYP3A12 2> /B OFRBFENRRDLNHIZH DL T, ZOFEEEITK T 520
HbdD (Yamazaki et al., 2001), ZDOZEND, ARRFHIIBWTH, Cyp3a #o/7'EHE D —
77 MBLIZJY Cyp3a FERIEMEDOR T 3RO HIT-H D EHELRSL72, DPH O CYP3A (2% 9

HIAFEAIL, 0% /U RIC L A EHEERS L TUVD (Munns et al., 1997), o-3 /KD A I
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4-HPPH D/KFEAUAC k> THRRT BT 23— /AR BRI L EN DL THERESN D ZEDVR
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AL TLEIZD, MIEB LR OO H K EECTh o7 I RENE, HDUMT o-F /R LL
SO ISR, T oA F T RIZE ST MBI 235 | &SRS ATREME DY S 2 515, MBI
IR LR 545 L HEER S THY,, time-dependent inhibiton (TDI) 7 v &A12XkYD, CYP
(2392 MBI K, 972005 CYP BESRTEMEO WK A H 7 M 58 B 2 FE A | 2R 35 51k
D3, BOSHERE O AL RGEHEE L TEE MBI FRICB W TSN TS (Riley etal.,
2007) Z&M 6, Cyp3a~D MBI DPH 3 B4 1T F & 8 SE M - 0O — i & FH > TUVD T REPE 3
HD,

DPH O Hi[al# 5-Cid, BSO fFRLE 2L > THAFREE L FAEL 72\ (Fig. 4), Cyp BE%EH
N DPH 5 B8 AT ERIEICEE CTHHIEEMATT 5720, Cyp2b, Cyp3a 3L Cyp2e
DFEAITHD PB G H 5%\ DPH A Hi[E#& 5-L 7L 24, IFEEDORIEN RO LI
(Fig. 19A), ZDZ L5, CYP #5280 DPH %8 MR ERIEDYAZ N EF-$HZLIR
341, DPH B # G-I ERIEICLERB B O—HEL T, Cyp DFENB 2 LN, £
72, PB BiALIZE ST Cyp2e OBEERTEMEN EH-L TV =ZEMND (Fig. 19B), Cyp2c (LA HT
FORS DI B FIE NS EE D3 D BUSHEGH I AE D — i A5 > TWD TREE DS R ST, EMT
FBUWTIE APAP DAt AV =7 R753 CYP FEICIIF R ERIEDY AT 35 £HTLAVRIRS
ALTHEY (Yue and peng, 2009), 4 [E U= CYP 75 B4 B ALE B 2 F BRI S 452
LIZED, CYP OfBE T TIE AL SN DI LD TR ED RIREE e S0, i BMAE

PEEPEORE 2N AT REIC 7R DD IF S LD,
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wBIVE B 1

EH DB BTz > TEIMIND in vivo TEHEREBRIIT—RICIEFR BB HVGD, L
U Wz R D D ZERMED D, FrRIKEMEDORIER N ECDZ LB SER DL, IEH
¥z - Em M ERER O 2 CRIEH T ZATO ZEIXNEETH 5, Fr S A EVE DILI O3 JE
JRRD1-5EL T, M OMRBHBRRIZI T DUSMERE P DA RS, s DTG 7L
NEZBHIVTWD, ZHHDOERGE D in vivo 123\ T DILI FIERE T2 A R AT L=
WA TP, AR CTIIFFRARENE DILI A 3E 3 228035 C D DPH IR DT E
FEIERE T2 AT LT

%5 11 B ClX, DPH #F 8RR E T L~ U AGERL | RS IR R S - SiE B
K7 DB G- 2t L T=, DPH #F3EMEATRE# 13, DPH O #3510 BSO fFHALEIZ L - T
FELTZZ LB fTliE T GSH Of4 V8L DPH O AR G- 3T EIRIEDY AT 7 77 5 —L73%
ZEDTRBS T, JFREFAEIT R B ARG OTEME L2338 D, FFREEFIE D R
IR INEDHES N CODIED RS, Fe, R ERE R SIS S0 A C L DRI
SR OEERTRDHIL, B IR & Ui S e R N R - 2 2 L CRFFEE O
HEALERIE TWAI LN RN, ZORREE EX . BREISEEMELDS & 8L
727 TLR4 DT 2T =ANTHD eritoran DRFFEF T DI R A METL | ATFEE LR
LU TORREM A R T LEbIT, TR ERFORIETEME(LD R & 4L LT TLR4 1§ (L) B 2L
ThoHZezwrLTz,

5 11 B ClE, DPH #F8MEIF R ERIE BT 5, EH OB G2 W TRETE TV, 3
Wi B Z LA PR ERERE T O— & L C, Cyp H CiFBIC LD UG A ik T 3 B
BLTWHZEER LTz, Eio, JFEERIEICE G T5AEMEL T ShETIcHmEIh T
IRNTF A — AL G R E R LTz, S5IZ Cyp2e H BB LD T Lo A3 2 RA R TUIHE LT i

1 GSH DK FAFREEDIVAY 7 77 2 — LB 0 ReMEZ 7R L, in vive TFFEE T VBN &
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WBZETHEMAHIEITREE L OB I OW TR S BB AT LN T,

EMZIWT DILL 5 | E 29 %O Y TR MR ORI R IR E 2 I IE T 228005,
ABFFETHOINT LT KM 1 Z LD NTFRE R ERRE 1T, 10D KMo S P T I 5 FE B
IZBWTHILAL - TH L AT REMED BV | EEH AL BRIE I I PRI x L TR M7k L&
HLBbis, £z, CYP BSihESN-BE VD& T SUSERB O AR RIS
NTWDHEDZ LD AFIEEFIEY A7 23 il 2 Z LA TED ATREMEA VRS Tz, ARFFETIE
Cyp 5 EEY ORFEER H~DIS A5 2 PBICL5 Cyp ihiEi~7 2% N =LZ 5, DPH
HL[E B 5 ClEaA s CEeh o TR E O X I IIL | Cyp #FE B 03 BRI LD
ORI A CHLZENRENT,

VL b ARS8 TIE DPH f IR E £ 7 L~ D ZAAFERIL | S IS A 7e 5 ONT 3R )
%5 8228 C DILI BIEMEDO— iz O T 2L 4010, PSRRI EE R
THBETDHILNTEI, INHO AAEMRBRIICHT52L2E 258, BSO 1285
GSH f5¥8@h4) ., CYP 5 EAIALE B, 720 ONTHIE IS O Bere 5 R OB 28 G
HTEIREZ DIV RO IEF B A B MRBR D B D13 T 0 IR B2 ey BB R
FE(Z415 DILL O — b TR AT REIC /22 2 LIRS D, —J7CL EMTB I DR EFE O
FREIZ RIS E 20 b, HDOEDOIEMIT L > TRIE T DIFIEFEIZR> T DY
AT T 7 I B — LT DT ENHELESND, 51 BRIRIFFELIERRIRIF JE A — R &7 > T4t

\ZE > T, EMIBITS DILI BIEDUART 7 77 X —DFERMN A SN 7252 E NI SN A,
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TNPAN
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b 3R KDL B E Bux PREER it Ao IcAamER

ot

¥ORFPE ESRMER EdR MURE LI E9, A ROBITICHIZD, T
BAUVELFENEE Bh# RAEE I EIETELBRL BFES,

HHRERZ 21 BERTEIE | ZRIZWZEEELLE LIRS B JWEEZ I
TR R (Bl EERT B REDRHEY: HR) WilsE— EEICEEILRL
EFFEY Eo AR RAEDDITHTZD | RO )2 N E BB S 2V EE
FU7Z I = ZE R AL BRI ZEAT S AL TNIACKERIT FHis0ky
AL L BT ES,

RN AW ED HIZHT0 | BRI HERA~DE a2 XLz &
RKRF RFEE ERREFR SR KR KM EAE= REIRE K72
SNTEFEAPE FRITEGH DL, FRICHEIT I S E U/ K s
H REFLOHETDEIRKT KFEPE ERRRMEAREUIER K2R EMAEL etk

FHFFEEDERIEH OFERLET,
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