B3

EENIEREE~ U A ZBIT 5
thioacetamidei & 1T iR B2 4t
B9y A = X L OFEHT

il
-

f3




SR/

BB R e e e e et et e et et e et et e e et ee— e et e eteeteeteetteeeeeteeeteeteeate et eaeeteeteenteareeateenteeteeneens 1
F—E BEEHREE~ Y RTRIT S thioacetamide# FEAT MBI EEFE DI ............ 4
PR SRSRPST 4
FATBEE JTE ettt ettt anas 5
T ST 11
=SSR 13
BB EIEAKEE~ 7 RITBIT S thioacetamide 35 3% FFHH a8 5 895 ~ D i ik
glutathion® D BEG-........oe ittt 28
B ettt e a——— e —e e e e ——e e e ——eea——e e e —e e ettt aaeeeanteeanateeaartaeeareeearaeeas 28
FATEE & JTTE ettt ettt 29
e ST 35
=SSR 39
BB EIEVIAKE~ Y RICBITS thioacetamide 53 FTHl 58 58 555 ~ D FT Ik
p38 mitogen-activated protein KiNaseD BRI 5 ...........coociiiiii e 57
B ettt e e a——— ettt e e et e e ——eea——e e e —e e ettt aa et ean—eeaateeaarreeeareeearaeeas 57
FATEE & JTTE ettt ettt 59
ST 62
=SSR 64
S R 74
12 3R 77



il

b M ESTEAER L2 FEIZ I TRE 220 5, 2 < oEyITRnERE, Hik
B ORI S BT E T LB, PRI S 108 02 AR L - TEY
RE&s2 5 [1, 2}, FIEMIC b = — G, URZ 37 (G, v U e ARG, T
BRBRL. Z /X7 AR - b, IRFEER. ©F I AT - 7R &2 < OEKKERHZ L H O
REEAFE L TWDZ &0 b, AROEFMEMER IR TSI TRE W], —FH T, N
D OFEMRRER L 72 0 O < BRI EIEIXER R OB ERE REOUE S TH
V. BEEPIEOFEFERTH D3], £D72D. FWFHFEMENFFEMEORT 2 L. BiJ ek
BYVOIF BB R AT 2 v MZOWTOTFRKEEZ BT 5 2 &3, 3B O R D =R
DDA TH D,

FWHERIET OB FF O —> & L TEMRBM OB LGN T b2, T T oKy ARHIT
cytochrome P450(CYP) 7¢ & DOFEFRIZ X 0 KR, Bafb. BEXE24T 58 THRHRIS &, B
RoWilz. glutathione (GSH) 72 EIZ K VG &7 5 5 ARG UGS IS B 5[4, ARG
A EREDZEET DDA ERHEM TH L LB N0, FEMAHIT LY HED
BV SOGHEAE E S D 2 & CIFEtE 2 BT 2 2 L2 H 5[2]. Bl I, Itk s
FlE L TEMER TELHIN D thioacetamide (TA) X T+ & CYP2ELIZ L » TE ¥
thioacetamide sulfoxidd TASO) (2t &4, £ D#&IZFE L < CYP2ELIZ LV FUSHARE TH
% thioacetamide disulfoxidd TASO,) (T #L XL B[5, 6], TASO, iIZiflgtd & v /7 EFx D
ARESFITIARE T 5 2 & TB-7]. BRMEA R L ADHNN, KAE, DNA SHOWIRZR &2t =
L. ST ITinEst 2 5% 3 5[8-10), £7-, #AM D~ R & CYP2EL) v/ TV h~v v
ZIZRMED TA 2%532 &, BAMO~ U 2 TIIEELRATHISEENFHRE SN 2 DI L

T/ 9 I 70~ ATIIIFEENEZ SRWZ L6, TA FIATHMEELIZIX CYP2ELIC



£ TA ORBBMETHD EEZ BN TWA[1L], TA LR U LA S0 5 FEER 7 3HA
acetaminophen carbon tetrachloride, iffigio> CYP (2 & v ST RS s = & TaEtk
ZRHHT 512, 13, Z O X O ITFMRENT K D BOSHEAREI A AT FEM55 FE VT 1 FE B
D—DOThoHEEZLND,

MR D HERERR E R I ITMIAN > 7 T RO L H G- LTV D Z E BTN D
[14], =® 1 L LT p38 mitogen-activated protein kinasMAPK) DBEIE23 % F 55, p38
MAPK X MAPK 77 2 U —lZ&T 5% —E T, Ml Ofkx 22 b L ASHFIZ LD Thr-
Gly-Thr £ F—7 NV Vb 21T 5 Z 1 X » TEME(L S D [15, 16], p38 MAPK X RIE & hh
O, MRAEEOZE N, TR M= AL MK, AR OZ b, BT 7 £ < oMl RS
P9 L TV % [16-19], F 7= . carbon tetrachlorideX®> ethanol ® Hijh £ 5 & 2% 1%
lipopolysaccharidel D-galactosamined fif 1 #¢ 5-(Z & - THFIROBEIE N Z 523, ZOERICH
p38 MAPK 23 M L3 5[20-22), & 512, ethanol: Fas7 2=A MEM &R OBKRD OG-,
pyrazoleX lipopolysaccharide>f H#¢5-. & % VMMM AR TIC K 5 ITEESE2Y . p38 MAPKHE
FFEEIZ L VT 5 2 & b HE SN TVDH[23-25], ZD X H 1T p38 MAPK I ZHWah s Tt
RS BET 5 LB 265,

PN 2R L kE LT & 7R B A% 2 FFo 28, £ —-> & L C glutathione (GSH) (21 %
PUBILIER 23%F 5% [26, 27), GSHIZ glutamate cysteinels L U8 glycine AR S 4. Hilig
{LVEF 2 3848 U 7= %213k CT & % glutathione disulfide~ & Z8H#: X 11 5[26-28], Wik 51412
AT HMIEA b L RITEDFIRMENIT IR EET 52 R Mb TR [8, 9, 12 GSH
[ E DB A N LV ZAOWBI N TR BOBREICHET L2 EAbND, o, GSHITH I
JENTARENTRY, v ZA0OiE 145 4y & A [29], L7=A3-> T, Mgk GSH
OG- B ORIBIZ L > T, EWFERMEAT LIS T DEZMENLEDY 95 LEZ2LND,

UUbED X 91z, FFERITEE ORI ET DR FIIEBAFET 208, T b I3 /&)

W & FRREE T VB DO TZ OIFMALCR B RS R R D WA RE S D, B, FET v



a— LMEEIART (nonalcoholic fatty liver disease, NAFUDE 5 /L& D ATl Tlk, CYP2E1D3
BI7THE[30], GSH DMK F[31], MRAEVEFFMICEED R E[32]7e L DR 2RT 2 & biliESh
TW5, ZOX ) ITHEFEY LT T VENW) CIIEWFE R MR DS M EZR & 556
W2 ETRINDITHED LT, RIS TIT O 3H R E ML X E ' 2 FHC
FEhiT 20N THY , WEET VB E AWV TER LRG3, 22T, A%
TiX NAFLD OJRREET VB Ch 2 misi BfafE~ 7 A (HFD v v R) [33, 34} & H L T3
MEH RO R AT T2,

AHFIEDH— T TlE HFD ~ 7 A & st RO - #E AR R EHG T~ 7 2 (ND < 7 %)
2 TA ZH[E G L, IFROFPEALG PR E B KO GSHEREOHIEAITo72, KWT,
HTIEZHFD v 7 A& ND v 7 Z(Z TA ZH[E#RG L, AFEOBR{IEA L ARE L GSHHY)
7 metabolomicsfi# T 21772, F7=. HFD v 7 A2 GSH &L EI TH 5 L-buthionine-S,R-
sulfoxinine (BSO) # /L& L7 LT TA 285 L, FMlla#ES & OB {EA N L ADRREIZDS
VT BSORALE TA# S HFD v 7 A L big L7z, EHIZ, H-ETIXHFD~v Y A& ND~v Vv
AT TA ZHEE G L, gD p38 MAPK D3 BLA R L7, X T, ND~ 7 AIZ p38 MAPK
DR RAY L HESCTH 5 SB203580 hydrochloride (SB) % TA & OFA#H 5 L. FFHIEESL O
FEIZOUNT SBARILE TA G- ND ~ 7 A L H#gE L7z,

KEOMEND, HFD v~ 7 A TiX ND v 7 A & il L C TA #F%IHMIREE N e 25 2 &
ML/ D | F72 HFD ~ 7 AD T CIE TA £ 54212 GSHO A k3 T L C TA FHRER{L
APRLABFTBEEND Z L, BLD p38 MAPK 280 S ARIEMEAL 95 Z LAY TA 3 ATH

JASEIE DI G L TWA Z L SR ST,



B2 BEBERKE~ Y XI5 thioacetamide &5 3 ATl fin Bk
DT

o2

FET v a—EERAT (nonalcoholic fatty liver disease, NAFDDIZ S 12 B CHREBRNE
<[3B]. 7 AV AAERETIIHAD 3 AT 1 ABBEELTHD L) HES H H[36], NAFLD
FFAIRANORE 2 Y 7V ) FOERMERBO—> LT 2HRETH 5[35], NAFLD Ok
ETNVE O TIL, cytochrome P450(CYP) 2E1D%$BiTTHE[30]. glutathione (GSH) &
R T[31], BT R E[B22 EDORE 2RI Z L bWESN TS, 20X
NAFLD &7 /L E4) O iFlig CIEE A RMENT R M3 2 SOG DM B & 135872 2 "TREMEA
REINTNDIZH 0057 NAFLD 7 /VEMIC 1515 5 Wk 5 st o M 134 7
VW, £ I TCAETIE, NAFLD =57 V@M Th 5 @B EKGEE~ Y A (HFD <~ 7 X) [33, 342,
JFEEE & LA ERICHEH ST\ % thioacetamide(TA) Z#5- L, T OFEMEIC-N
THEBREITo72, TAIFNFIRICH W TEIZ CYP2ELIZ L - T thioacetamide sulfoxidd TASO)
Z L CRISHEREI T 5 thioacetamide disulfoxide TASO,) (ZfET &L, Z AU ITfila % 5
T Do/ NERILEEEN L Z 5[5, 11, 37)

RETIE, TA HRIMIEIE ORI HFD ~ 7 A T o thiE AR EEEHGEE~ 7 2 (ND

~UR) LB L TERIET D0 mR L,



MEEL 5k

EoLY)

3l OME C57BLI6I~ 7 A% HARTF v —/L A « U R— (Fik) NHEEA L, ~ 7 AT=ER
21~25C, IRSE 40~65%. M 12 FFfH)/ A OBREL F CHlHE L, KKz B TR S,
12T ot R & LT CRF-1 (F U = Z VRT3, B HoWEEIE&Z L LT
60 kcal%D g% &4 9 % High Fat Diet 32(AAZ L7, i) % HHEREEZ, KEIL 2
JAIZ LEEGE L7z,

REETIT o T B ERITEE — Z A ERBY Z AL OMAFEEIC LV ARSI H O
ThHY ., BOEHER OERIZEET 5 L O — = kSt o g BRI B3 2 A

TEFMEECHERL L THT > 72,

TA G- & A
8 WHIDAAEEH, HFD v 7 A L ND ~ 7 A % BptEaFAliE & s o S8 R 2 oy 1 7

TA #h~ 0 2 3ABEHEKICEM L. TA (FOEHEE T2, K 2. TA ERG~ 7RI
R TH 2 A AR 2 BREIEENER S Lz, TA O&EIL, ND ~ 7 2 & HCHEN T %l
L 7= PARAY 72 2B T G- 8 Refi21C & < B EE O ITHIfEESE, # b 24 6 LU 48 IF[##% I EE D
JFHIfREEE 2 3553 5 2 £ 026 50 mglkg & L7c, mtEeHiiftic >\ Tk, TA &G~ U XX
#5240, TARG~ U A3 8, 2456 LN 48IFj#ZICy =T /Lo —TF /b (Fntffis
L) R T ORI & 2 ZRIERE S, T LTz, o, RREBLEORIC, TA ERG~
U A D BT MIRAL A O MK & BRI L . A o 7 iR U, e S R

IZOWTIE, TA G 5, 15 30, 60, 1206 LT 180312~ U AD RN LEM L, My



TN LT, Tek. EWRENEMORME, S TOMETEGRERNEFO~ T AP
TF T —T VIR T O IMIC K D 2R FEAE & 1T > T,

FIERHERE D 2T O~ v 20 b I EAR R A O A I IFIRMAI A2 38 & ARG 2 3E 4 Bt L |
10% FHERERT AR L~ U o CREE LTz, 50 ORISR S KO GSHOME ITEHR T 5

72T, WRIRZE T CTHRE L-80°C TRRAT L7,

MR AL SRR AT
TA e G~ 7 A BB L2 g > 72T, TBA-200FR (BRZ AT 4 IV AT
LA AR) HfEHLT/Zva—x (GLC) , #=alL A7 r—/L (TCHO) BXLXO MY 7 Uk

Uk (TG) HEZMELL,

I3 BEARL A AR A

B~ U CEE LTEIFEY o T2 EC > TN T 7 L, A~ bR v o
Ty (HE) QEEARZER L, 7B CBIZE Lz, TA FRITMAAEEIEIT, HAEDREN
TLBEOSGEIT/NERLEIRICEE T D IFMIRIZIRE L TR Y . D OREDRHZE LI D/NED
BV THD, ITHRBEIENEE TR D L WEN/NER L (zone 3 7> b/ EP A
(zone 2 ., = L C/NEDRIE (zone 2 £ TENY, NEOIFEALEEZEDD LR E, =
WO DIREGA DR E R E 2. TA FRITFMIEELUTOL I V—T 17 L, 7

B, BENRD HReWEA L grade O L7,

grade 1:3E7 zone 3B KM zone 22 & KV | BIE LT 35D UMAIZLELE, WAL EE,

WRIEZE) ITBW T 5 ORGO/NETOARBEIN S,



grade 23575 zone 3B LN zone 22 L KXV | 30D T 5OLL EO/NEEIZBIZE SN
%o DI zone 1F TET HEIEA 3 DDOIETIUT 5 DRI/ NEEIC D A 52
Shd,

grade 3: zone ¥ TiET HEEN 3ODEIZBWT 5L EO/NEIZEHEIND, 1DDOHET
DEFEN 56D D FNIE 1T 33% K T 2,

grade 4: IOOIETOEEIN L 8 25 EIAG1X 33%LL E 66% A TH 5,

grade 5: IOOIE T O L HEIG1EL 66%LL ETH S,

Flo. IR ORIk 2 iR 9 2 BRI T. TA JER G HFD =~ 7 2D &L~ UV BEE S LT
iz O.CTaAY U N (B7 T 7740 T w7 Vv 0 B MW TEfRas L, Oil

Red Ot fEAZ BRI L | SR CHls LT,

TG

TAFER G~ U AT CYP2ELIE Y tb 21T o 7=, ffEYfalZ1% Dako EnVision system(%# = -
Tx o B W, FURIRIELIZA— 7 =70 (121°C, 2093) TIr-o7z, #i
CYP2E1 U # ¥RV 7 m—F LFi{K (Chemicon International Temecula CA, USA) % —Ik#t
k& LW, @121 3,3-diaminobenzidine tetrahydrochloridésl{ L ZA0FFEFF . fEA) %

JEEIAY N

TA 5 X O TASO o ifi 4 i FE I
20 pLOImEZ 100 uk O A & 7 —/L LIRFIZIZ 4°C, 20,000 rpmT 5 53z Doy B L € RiG
ZEIL LT, @Rk v~ 2777 4 — (HPLC, Waters # ) #HWT, EiFEHD TA B

T OFORBETH D TASOZHE Lz, HPLCOSHIZILLTDO LB Th D,



%17 A : L-column ODS (250 mmx4.6 mm |.D., um, 12 nm, Chemicals Evaluation and Research
Institute, /i) . #7 AR : 25°C, BENFH : 50 MM il R U 7 A KX ON50 mM U g
U sy 77 —[7& k=KUY (97/3,v\) , ¥ : 0.85 ml/min

HEAE :10uL, UV BRHZSEE @ 212 nm

72E. TASO P SN TTE S RSHEEI TH 5 TASO (THIEARRE & HIWr L, RFAGIIAT

brginoiz,

gDV A F Y VB IO 7 v Y — Ao

TA G~ U 2Dl %E 1.15% ik U 7 LKIER TRE YT A XL, 4°C, 9,000xgT 20
SYIE DL 72, BiEA & 512 4°C, 105,000xgT 60 ZyfliE LvBE L. BiEE YA b YL
gy, % 20% 77V & v —/u N 1L15%6EAE T U ¥ LK CHEB L72b0a2 I 7 1 Y — A
e LT, B, XU REREIZOWTIEL, Lowry & 23 L2 HIAB8IICHEVY, =i ik

THNT I aiEREL LT,

Western blof##t

glutathione S-transferas€GST) DOFENTIZIE, YA MY VEIG & X /37 JRED 2 mg/ml & 72
% £ DI 1.15% KCI TAHAR L THEH L7z, CYP2ELOMENTIZIZ, X7 v Y —A@Ey&E S /37
EEED 3 mg/mllZ7e 5 K 912 20% 7'V & —/u il 1.15%6/kh U o ZKIEE TR LTIZ, £h
ZTNOBEGFIZOWT, GSTHENTHIZ 1 mg/ml CYP2ELfi#HT I 1.5 mg/mliZ72 % X 912 Tris-
SDS beta-mercaptoethanol sample loading buffer= £ « /31 4, #K) THEMRRK L, ¥
7% 95C T 5 IR L7 B, GSTIZ DWW TIX 7.5% SDSK U 727 VLT I K7L

(EASY-GELL, 7 =2y, HE) T, CYP2ELIZDOWTIX 12.5% SDSKU 727 U L7 I K7L

(EASY-GELL, 7F a2y, HR) ZHWTCERIKE Lz, KBIFKHEITT VAT A4 K SDS-



PAGE 2 % > % — K (Bio-Rad Laboratories Hercules CA, USA) OiKENRILEZZEIZPE LT,
VkEN %12 Immobilon PVDF Transfer Membranés —{b 735, A0 (ZHR5 L7z, #5 L 72K
ZLLUF O—PUiR, R\ T kAL LT biotin-labeled anti-rabbit IgG antibodYyGE Healthcare
) . HRPIE#HA ML F 7 BV (GE Healthcare . 3 LU ECD Western blotting detection
reagent (GE Healthcarg & JIEKR G S 72, —&HUARICIZ,. BT CYP2EL Hi{£ (Chemicon
Internationa) . Hi GSTALl, GSTA2, GSTA3, GSTA4, GSTP14Hi{k (Proteintech Group
Chicaga IL. USA) X UL GSTM1 (Santa Cruz BiotechnologySanta Cruz CA, USA) #t

RE AT,

YA IV O GSTIHERE
WEOHRERNES B, RIBDOY A ~Y V5 & FE L LT 1-chloro-2,4,-dinitrobenzene
(CDNB) . 1,2-dichloro-4-nitrobenzene(DCNB) & % ethacrynic acid(EA)  (Fneifi3k)
R\, ENENDOREENR I NVE TFA G E=ZIT DL, G SN BVEIS CTREER
BRI R DWHENZALT D05, ZOZEALZ WO EEF THIE L7z, GSTIEMIE 15 &H72 b

1 MDA S ™7 IZ &> THRE SN EEOENME TR LT,

JIFlis GSHiRIE
FFlg o GSH & L g{bE! GSH T 5 glutathione disulfide(GSSG ®i#lliE % Bioxytech
GSH/GSSG-412 assay kitOXIS International Foster City CA., USA) % F\ A —J — O Rl

BEICHE > TIT o T,

RS OWIRE S
AERIT P EHE R (SD) TR L7z, FERIZOWTIEE, £7 F test TEHEOBWEE MR L

(FE/KHE 1 0.25 | ZDIC Student'sttest (W THLH5E) & DU T Aspin-Welcht-test



(BB TRWESR) THEEMELRIT T2, 21D DMENTIZIL Microsoft Office Excel 2003

(Microsoft, Seattle WA, USA) % i\ /=, p<0.05% st #r0lcA 5 &l L7z,
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RS

HFD ~ v ZADRE, MmgA LA E, FRET R 3 K OFFIE oD i B Rk 5

HFD ~ v ADREIL, #HEEBLA 2 % O SEIKFCND v A LD b ARICHEEE 720 | 8
WO 11EER Tl ND v~ 20 1.39(% & 72> 7= (Figure 1-1 . 11O M E(LF %R
TIZBWT, HFD ¥ 7 AE ND v 7 A & i L T o> GLC, TCHO A3 @fEC TG AMEfE T
Ho7- (Table 1-2 , FIRFFOBIZITIWT, HFD ~ 7 A TiL ND ~ 7 A & bl U C B iigE o
B WIBFEOREI ML TR . FiiEEaz 2L Tz, O RE A <
%, HFD = 7 2 THIT zone 3Dl OMILE Z Oil Red O [GED /NI DB 3788 &
NT=in, ZOMOREFBE SN h->7- (Figure 1-2-B Table 1-2 , 21 HDOFER NS, 8

B O BRI REAEERIL, #E C57BL/6I~ v A BB L OB 25345 Z & B oho 7=,

TA 5.~ U 2 DTl D9 AL Rk 15

TA #5. 8 BEf2ICRW\ T, IFMIEESENS HFD ~ 7 AR KLUV ND v 7 A TR S iz id, £
DR ITEE Tdh - 7= (Figure 1-2-C 1-2-D, Table 1-2 . TA #5 24K Tix, 541+ 34
® ND ~ 7 A CIAFL/RFAIIEIEA TR Hav, 1 FNTHIRRATICHESE L 72 > 7= DIk L, HFD +
7 A CIIFHIRREESEILI ND ~ 7 2 KW 8T #idtds K OSELCIEFR® b v > 7= (Figure 1-2-
E. 1-2-F, Table 1-2 , #5 24W#H#ZICRD B/ HFD~ 7 A & ND v U 2 D IFHIf#EIE D 74
I G 48R bR TH o7, Eo, TAKRE 8RR D 48RHIRIZIH VT, ATHlfusE
FEATIN 2 TS R 3 BIEE S 7= Ay, HFD ~ 7 ATk ND v 7 A &l _RTIER OFEE 3 T

Toh o7 (Figure 1-2-C 1-2-D, 1-2-E, 1-2-F, 1-2-G, 1-2-H) ,

11



CYP2E1% > /37 DFEH

TA FEF GREO T A I\ C CYP2ELD G Yetads LU Western blofgir 217 -7-2 & 2 A, &
JEYLtE TIX HFD = 7 ADOIFl T ND v 7 A KD HJAWEEIK T CYP2EL2 381 L (Figure 1-3-A
1-3-B) . Western blotfi##T Ti%, HFD ~ 7 ZDFET ND ~ 7 A & i L TH 2 [ ED

CYP2ELX /37 BFEBLL TV D Z LR L N2 -7 (Figure 1-4-A 1-4-B)

GST# >/ 7 O3BLE L OVENE

TA FEF 5RO A T GST# /37 D3 BLIs L ONEMERENT 21T > 7=, Western blofi#tT
IZ& D, GSTAL GSTA2 GSTA3, GSTA4 GSTPLE LU GSTMLDJFIIZIT % & v /32 %
BREZHGELIZEZA, IFEALED GSTH /X7 THFD ¥~ U AD M ND ~ 7 A & g LT
Diphotz (Figure 1-4-A 1-4-B) , £7-. GSTiEMICOWTH, HFD w7 ATl ND =7 &
L L CH B > 7= (Figure 1-5
% GSHIS L 1Y GSSGE:

JFlO# GSHEIL, TA 5 8RR IZIHB VT, HFD ¥ U AT ND vV R L bilg L CTHEIC
KfETdH -7 (Figure 1-6-A , B&{LA! GSH TH 2 GSSGIZ oW Tk, TA HHIThhrbbH$

HFD~ 7 2 & ND v 7 ADR TEITA L) o7 (Figure 1-6-B

TA 3 LU TASO O [ e s
TA BX U TASO DILAEFEEICHOWT HFD vV 2 & ND U A & OB CHEHENTIZ L T
W E OO LN EITL LN o T, WTHRO~7 AT, TA OIEHEE T TA 5 5

I, TASO DIMAE AT TA #5600 IcFNEh Y — 7 I1Z&E L7z (Figure 1-7

12



%

Pt

HFD ~ 7 ZFMEMIIFZE Z 32 N6 THY . NAFLD OEFT L@ & LT LIE LIXEE
& TWA[33, 34 %72, HFD ~ 7 X DTl TlE CYP2EL D ¥ HIITHE[30], GSH BDK T
[31]. REMEAFHIEEIEO A R[B2]/2 DR ZRT b HESNTND, TNHDI EMD,
HFD ~ 7 A (3Pl CYP2ELIZ & v A & v TP 2 41T 2 G L TR MR mun &
HH LD, TAIZZDO XD RIFEEME THY . TA BIFEELZ T 5729121%, CYP2EL
IZE->T TA 225 TASO 2, £ LT TASO 5 TASO, IRt SN B MENH H[5, 6, 11]
TASO, IFUGHEARH T, & VNV E e EOERE & OLEREE5, 7). LA b L 234
CIEEEEE(L8, 10, 11 2+ 2 EAME ST\ D, 7. CYP2EL DF A% Bk 54 5%
Z LT TA BRNITEENEE L[37], CYP2ELXRE~ T A TiE TA IFEEZ RS0 b
t. TABREIFEERBUCE T 5 CYPE1D EEMNHEE S5 [11],

EZAMB, PRIZK LT ND v 7 A TIEHIAEE O FlaEsE 34 L7z dIlZxt L, HFD
~ U ATITESEORENRE S 72, AR L7z B0, TA HRFEEORKIUCIL CYP2ELR
W<BEETHZ 00, b L HFD~ 7 AT CYP2ELDRBIMME T35 D ThiuE TA FHRITH
NRSESE DWW D — RN /2 B B2 bilc, LU, iflfo CYP2ELX v /37 OXELE
IXHFD v AT ND v ALY $%<, F72 CYPELNHEBLL TV 2/ NENOFEE  HFD
VYU ADHFNE Y IR#TH o7, Lizid-> T, CYP2ELIX HFD v 7 AIZHF 5 TA ATl
B OWIFIZR G L T E Bz b,

W)~ DOWEIILHEEZRET DERDO—2>Th b, REOERTIIB A LEMTHD TA
ZREVENEE L U203, HFD ~ o7 A XNERIERS O8I £ % TA OWIRINHSCRE OB L 5
RO L1k v, TA 50T TASO ~DOIEFZE MK T L algEME N E Sz, L

MUERS, REORKE., 5 TABI O TASORBEOHBIZOW T HFD Y 2 & ND <7 %

13



DRI THEMNTIL L TORWE DD BB EITEN -T2 Z b TA H5 T TASO ~D
IEZEINT & HFD ~ ¥ X OJF A IE)REs D EK ClIien &2 b,

GST 72 & O NIRRT EPUSIC X 25 TS LT\ D, iz, ITED 2 VI3
farf > GSH S TA L% I3 2 EARB I TWA[L0, 40, & ZC, HFD v 7 ATl
GST DZALIZ L > T TA OfFFFREDHIN L, FTHINAERFERES D5 - 72 & W 5 "fREMEIC SV TR
AEL72, ZOfER, HFD~ 7 A TIEND ~ 7 A &L il LT < O GSTRTH > /87 3B E N H
HLTWDZEBRHLNIR T, E5HIT, 3 ODRRLEE % - GSTIHMEMHT O 5T
t, HFD ¥ U A1Z ND v 7 A L0 GSTIEMENK2 572, L7ed> T, GSTH HFD v 7 A D
TA FHFIFMAEEIE OWET T 5 L Cnvien & B 2 bz,

GSH ITHATUSIZE G 57210 Tid7e <, LA ML 2AOMANZEHERBE ZRIZLTWD
[27, 41, 42] —F5. TA 512X 0, HFROBILA NV ARHEINT 5 Z ERHMEINTEY S,
10, 11] AFlEd 5 AT O GSHA TA 55212035 Z & bR E LTV 5[10, 40]
F 7z, Stankovab ix TA BEENTHIALIC VT, MIINO GSHIREEA B L, Milash o> GSSG
BRI 5 2 & 2 A LTV 5[40, AEDOERFERNS . TA &5 8 Rt HFD v 7 &
TIE ND v 7 A LIk L Tie GSHAMVA EIZIRIE & 72 o 7273, GSSGITIZAE LN D~ T2, LTz
NoT, HFD ¥ ATIE ND v AL D b GSHIZL D AD R T —{EHNITHE L, B2
LAl ST TA FBRITMEEENRGS T 5 & & biZ, ZOWMRETLY %< OMfaiN O
GSH7® GSSGE U THEESMZ B S AU Tl 2k D FIREMEDNE 2 LTz,

HFD ~ 7 A Tid, TA 512 X 2 NTFMIaEEFEA TS 9 2 0 0 IR N EE Th - 72,
TA # 52X D HFD ~ 7 A CHHBIER 2N 2 5 2 & DAY AR 30 AIIEE R & 8558 & o
BEIZOWTIEAR Th 528, BN ER H) 51X HFD v U A CEIZE S L7 TA FBR8ITFHI
FBERIZFMEAITH Y | BEEFEORT o 2 WITHEAN/NEE ORFE N H 5 EHEN Sz,
BB FIMRAE R L2179 2 & T, HFD ~ 7 22815 TA BRI O X v (fE 7

FERRS FIREIC 2 D & B A B ILD,
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ARBEDOEBAERNS, HFD 7 ATl ND v 7 R L T TA B3I HIREE N 554 5 =
EMALNI 5T, 2. FOME L LT GSH OGN R EN7-, NAFLD &5 /LEmIC
B 5 i EtE ORI vz, BR5EREIToCHFD Y7 AZBIT5 TA

FENFAIIBERIEIREGS D A T = X LA BT DRERH D EF R BT,
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Table 1-1. Effects of high-fat diet feeding ondolahemistry

Diet GLC (mg/dL) TCHO (mg/dL) TG (mg/dL)
ND 257.7 + 37.54 92.7+3.21 80.7 + 18.56
HFD 358.3 +43.99 * 183.6 £ 6.65 ** 25.8 £ 9.74 **

The number of mice was 4 in each diet group. *, 1%0.05 or p<0.01 versus ND
mice, respectively (Studentistest). Modified with permission of the Japanese Society
of Toxicologic Pathology from Shirai, et al. Thioacetamidduced Hepatocellular
Necrosis Is Attenuated in Diet-induced Obese Mice. J To¥athol 26: 175-186,
2013.
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Figure 1-1. Body weights in the HFD mice and tH2 Mice. The number of the HFD mice was 34, 34,
30, 18 and 16 at 3, 5, 7, 9 and 11 weeks (wk) ef eggpectively, and the number of the ND mice 8¢/s
34, 29,16 and 16 at 3, 5, 7, 9 and 11 wk of agepectively. Black squares show the mean body wsigh
of the HFD mice, and white squares show those ®fNB mice. *p<0.01 versus the weight of age-
matched the ND mice (Aspin-Weldktest). Reproduced with permission of the Japargmmety of
Toxicologic Pathology from Shirai, et al. Thioacetdesinduced Hepatocellular Necrosis Is Attenuated

in Diet-induced Obese Mice. J Toxicol Pathol 26:-186, 2013.
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_ H,HFD,48hr

Figure 1-2. Typical hepatic histopathological lesian the vehicle-treated mice and the mice negedps
at 8, 24 and 48 hr after TA administration. A: The of the vehicle-treated ND mouse. B: The livér o
the vehicle-treated HFD mouse. C, E and G: Thedivd the ND mice at 8, 24 and 48 hr after TA
administration, respectively. D, F and H: The livefsthe HFD mice at 8, 24 and 48 hr after TA
administration, respectively. High power appearare®und the central vein are shown in the inset in
each figure. In comparison to the ND mice, the grafihepatic necrosis was decreased in the HFD. mice
Necrotic (arrows) and swollen (arrowheads) hepdéscgre indicated. CV: central vein, HE stain, bar =
200 um. Reproduced with permission of the JapaBesiety of Toxicologic Pathology from Shirai, et al
Thioacetamide-induced Hepatocellular Necrosis Iemtated in Diet-induced Obese Mice. J Toxicol

Pathol 26: 175-186, 2013.
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Figure 1-3. Immunohistochemistry for CYP2EL in tivers of the vehicle-treated mice. A: The liver
from the vehicle-treated ND mouse. B: The liver frma vehicle-treated HFD mouse. CYP2E1-positive
hepatocytes are expanded more widely in the HFDsmdlian the ND mice. CV: central vein, bar = 200
pm. Reproduced with permission of the Japaneseefyoof Toxicologic Pathology from Shirai, et al.
Thioacetamide-induced Hepatocellular Necrosis Iemtated in Diet-induced Obese Mice. J Toxicol

Pathol 26: 175-186, 2013.
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Figure 1-4. Western blotting for hepatic drug-rbet&ing enzymes in the livers of the vehicle-tezht
mice. The number of the HFD mice (HFD) or the NDeniblD) was 4, respectively. A: Western blotting

for CYP2E1 and GSTs (GSTA1, GSTA2, GSTA3, GSTA4, GBaRd GSTML1) in the livers of the HFD

22



and the ND mice. B: The relative expression of theyemetabolizing enzymes in the HFD mice. Black
columns show the relative expression ratios ofdheymes in the HFD mice to the ND mice. *, **:
p<0.05 orp<0.01 versus the expression in the ND mice, resmdgt(Aspin-Welcht-test). Reproduced
with permission of the Japanese Society of ToxigisldPathology from Shirai, et al. Thioacetamide-
induced Hepatocellular Necrosis Is Attenuated ietiinduced Obese Mice. J Toxicol Pathol 26: 175-186,

2013.
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Figure 1-5. Hepatic GST activities toward CDNB (GSDNB), DCNB (GST-DCNB) and EA (GST-

EA) in the livers of the vehicle-treated mice. Themter of the HFD mice or the ND mice was 4,

respectively. Black columns: GST activities of thEDHmice. White columns: GST activities of the ND

mice. **: p<0.01 versus the activity of the ND mice (Studeivsst). ##:p<0.01 versus the activity of

the ND mice (Aspin-Welclt-test). Reproduced with permission of the JapaSessety of Toxicologic

Pathology from Shirai, et al. Thioacetamide-indud¢¢gpatocellular Necrosis Is Attenuated in Diet-

induced Obese Mice. J Toxicol Pathol 26: 175-184.32
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Figure 1-6. Hepatic total GSH and GSSG contentthefvehicle-treated mice (vehicle) and the mice
necropsied at 8, 24 and 48 hr after TA adminigiratThe numbers of the ND mice were 4 for vehicle,
and 4, 5 and 6 for the mice at 8, 24 and 48 hr affeninistration, respectively. The numbers of thebH
mice were 4 for vehicle, and 4, 6 and 6 for theendt0, 8, 24 and 48 hr after administration, retpaly.

A: Hepatic total GSH content. B: Hepatic GSSG contBlack columns: the HFD mice. White columns:
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the ND mice. *:p<0.05 versus the content of the administration tpo@t-matched ND mice (Aspin-
Welcht-test). Modified with permission of the Japanesei&g of Toxicologic Pathology from Shirai, et
al. Thioacetamide-induced Hepatocellular Necrosidttenuated in Diet-induced Obese Mice. J Toxicol

Pathol 26: 175-186, 2013.
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Figure 1-7. Plasma concentrations of TA and TAS6, d5, 30, 60, 120 and 180 minutes (min) after
TA administration. The number of the HFD mice or i@ mice was 4, respectively. Black squares: TA
in the HFD mice, white squares: TA in the ND mickachk circles: TASO in the HFD mice, white circles:
TASO in the ND mice. Modified with permission of thapanese Society of Toxicologic Pathology from
Shirai, et al. Thioacetamide-induced Hepatocelldeacrosis Is Attenuated in Diet-induced Obese Mice.

Toxicol Pathol 26: 175-186, 2013.
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B_E BEBERKE~ Y X IZBIT5 thioacetamide &5 3 ATl fin Bk

FEIRFF~D g glutathione DR 5-

o2

F—EOMENS, IET NV a— R (nonalcoholic fatty liver disease, NAFLDE 7 /L&)
WThomIEEAE~ Y A (HFD w7 R) T3 > AR ESE G~ 7 2 (ND =7
) & LT EEE thioacetamide(TA) #EFENTHERUEEIEN G T 5 2 L 3B BT 78 >
7=e E72. FOMFDO—>L LT, HFD ~ 7 2Dl glutathione (GSH 1= Xk Bk A kL %
OMFINEZ Bz, LoLAaERL, TR T GSHA TA FH3 I MIREESE O Ml o E 2
Th DI & EENITHEPOTZITER I E TREN R, 7o, T TIT GSHEIRLA

N U AZDRREIZ DWW TR L7272 o 72720, RREDRGG 2 WREET % 72 D (21X IB IO RS 4 2
EEZ BT,

GSH i glutamate cysteineds & OV glycine 2> H Ak S 4L, M{bBCToh 5 glutathione disulfide

(GSSG ~EeZHEND I L TR Yy —EMZIRMET 5, GSH AROREIL, TDOE
ik & ARHENC B 5 '8 [26-28, 43 metabolomic$#iTd~ 5 = L2 & 0 AHMIN FIRETH H[44], —
77, GSHEA R #EESE O gamma-glutamylcysteine synthetase [RTFME% R RALER TH D L-
buthionine-S,R-sulfoxinine(BSO) TIET % & GSHEZ D SHDH Z LA TE 5[45,46] L7
25T, GSHL#Hf D metabolomicd#tT & BSO 552175 Z LI2 X VW, HFD v~ 7 A 2B
% TA FHFNTHIEEIERESZ GSHD AL L TW AN E D H Z L NAHETH 5,

ARETIE, HFD v 7 Z12361T 2 TA FEFENTHILESEIRES 2Tk GSHANER L A b L A3 2 4t

LIEBEFICE VG L TW 20 a5 BT, FREIT- 7,

28



MELL J5ik

FBRT A

AKETITHRBT D 3 OOEREFEN LTz, &G LHBOZ A I 71250\ T Figure 2-112HE
[ I

FEBR 1 TlX, HFD v U 2D TAFFRNITHIIAEEEL ND~ 7 A L Ihlg L7z, £/, TA LZ2DR
#WTH S thioacetamide-S-oxidd TASO) D IHEF LA AFHEAE(L 2 b L ADHRIE, B L OUF
it GSH it metabolomicsf#tT & FEhts L 7=, 2Bk 2 Tix, Hile{kAl butylated hydroxyanisole
(BHA) Z##L-Si7z ND v~ 7 20 TA FBFRITMILEEEZ . BHA JER G ND v 7 R & i L7z,
FEBk 3 TlE, GSHARPHEAI BSO% #5- X7z HFD v 7 A0 TA #FFITMIRESE, TA Ok

RUERE . Tl GSHE., B L Ok A b L 2% BSOF KRG HFD~ v A & Lt L 7=,

)

FBR 1B X3 Tk, 3WEROME C57BLIBI~ 7 A% HART v —/L & « U S— (FEi) H DI
AL, 7KK LOEEZ B REBRSE 7, fEHIT > dEHAEESRE S LT CRF-1L (U
VHVEERFT 3, HUR) E£7-13mENR & LT High Fat Diet 32(HAZ L7, #HA) % 8
bz 7=, 8 MHOKETR, 11 HlinD ~ v A 2 d R EE & A IR ERER 0T 72, &
B 2 Tl 9l ORE C57BLI6I~ U A% HARTF ¥ —/L A « UNR=bEEA L, KK L OMER
DRy AREE 2 B BRI,

KETIT o Te B FEERIT S — A ERIME R S OMBEEFEEIC LIV AR I D
THY ., BIOEHR VEIICHT 5 BB LU — SRS o B R R I B S R

TEFNRZIZHEIL L TIT o 7=,
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TA B # 5.

113D ND B L HFD ~ 7 ZIZ5WT, TA #5~ 7 ZCI3EBAE KIS L TA

(Fnytpis T2, KB %, TA FEREG~ 7 2R TH 2 AR IE K2 B EEN &S L
7o H—EDEBRTIL TA % 50 mg/kglk 5- L7275, ND ~ 7 AT TA i3 P HIIEELSE O FL B 128
RAEDRGRO LTIz, TA OFGH&ELE LTRE 24 FF##ZIZIBW TR TO ND v 7 A CTHE
DORFFMIaEEIE A 59 % 100 mo/kgz £/ Lz, 723, TlHAYRFEERS, ND ¥ AIZ TA &
100 mo/kglx 54 % L #5243 L OV A8 OBIER N E W E PRSI Z LoD, BRtEREE
FEICFBUWT ND v U7 ZOfEFREIE HFD ~ 7 Z DRI DK 2158 Lz, TA&EG#%, EfFLT
FEMIRE O~ 7 213G 3, 8, 24 BL W A8 HfilLIcA Y 7T v (T 7 A P—, FH)
BT Okiiiz K 522850 E %, FIfR L7z, TA FE& G~ o 21X metabolomicg#HT A IZ 1345 8
BELO 24 Kt . %k 5 2 OMOBRBHNITE G 24 FFEZIZA Y 70T VHREE T ORUmIZ
LD RHIEIESR, S LT, L~ 7 RCOWTIE, ERBICESHICHIR L, Mg
SRR EERIERFIC DWW CiE, TARS- 5, 15, 30, 60, 120, 18045 LU 48043 1V 7V
VR T CMREIR2 S ERII U, MY > SRR L, ek, SRR E A oM

T OIMFEPEDRERERED~ T ANZA Y T VT R T ORI £ 5 2 RBEMAE 21T - 72,

BHA & TA O fI# 5

ND ¥ 7 2D TA FHFENITAIESLICHIR LA G BHA 23 5-2 25082 {5720, 9 EHimd
M C57BL/6I~ 7 AT, WEDHEMATIZBEIT 0.75%BHA (37~ T RY vF Ty~
R EART - A AR (Powdered CRF-1 4V = X LR T2) % 14 A RHAET
L7z, #EHBRGAND 13 H HIZ, TA #h5~ v AT A S /K ICIAME L 72 100 mg/kgd TA %
TA G~ U 2 IR TH 2 AB K RN G L, &5 24 FR#IZA Y 7V

VRERE T ORLIIC & 2 L HICALE R, IR L7,
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BSO & TA O -

HFD = 7 2D TA FFENTHNEESEIC GSHAN SN G- 2 5 50 B A~ 5 7-0, 111H#D HFD <=
7 A2 BSOE TA &G Liz, TA Bh~ v AI3AFRE/KIZHERFE L= 100 mg/kg? TA
. TA G~ U R ITEARTH 2 A B EEK & BRIEREN & G- Lz, 7272 L. #IElDO BSO

(7=~ TNRY vF Vyosy) Bh1EREE (TA H2WIAERREKESG 0 Ktk &
%) A\ZHEIBY D~ U ZUTIE TA & 2 WITARL KR G347 bR~ 7o, IFIEO GSH & &
FIZiBEDORE[A5] 25512, BSOFK L~ 7 AT A /KIS L 7= 700 mg/kg? BSO% .
BSO FE# G-~ v AT BB K 2 EENIR G LTz, H&E1% 2 ATV, 52 A I 703 TA
B D WIT A EKE G LIFRIATIS KOV SRR & L7z, 72720, TA &5 WA KRS
0 P L O 3R ICHIR T 5~ 7 A121E BSO® 5 WIFAFERE K Z 1EIOAEL L-, L
EOBERFICESE . BEHEREL 4 SOOI T, TRb 5 1) A AERIKO 51

(vehicle/vehicle group . 2) BSO & A& /KO L8 (BSO/vehicle group . 3) AF ALK
& TA O 5EE (vehicle/TA group . 33X 10 4) BSOL TA 04 5#E (BSO/TA group T 5,
BRI O R TO~ 7 AL TA & 5 WITAFEEKE S 0, 3, 8, 243 LU 48[4 IC 1 Y
TIVT BRI T ORI & D LHICALE R . FlRE LT, R ERERS OV T, TA

#x5-5, 15, 30, 60, 1203 K T* 1804711 AL & [AARDIFiE TS > 7L 2 gt L7z,

PERHIAE DT D~ T AUTDNWT, A Y 70T R T BUMIZ X 2 2B E % . HTED
SMAIZETE S KON ZEBED —H 2 806 L. 10% ks L~ U o ClElE L7z, 72, TA
b~ AOIMUNLETED—HE2 TNV 22— T AT e REMB A AI T LATHEE LT, &6

DFFEHTIZ

=

(2o ABEFEIARI O W TR O — #8271 %2 38 THiE$212-80°C THRAFL., 1

L7,
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RN~V CEENT T 4 AR T 7y 7 52D HE YeBAEARZERLL . TA SR FHAn s
WZOWTHE—ELFEROEETTHM L, 7 V¥ —AT AT e RBLIOWUER LA A I 7 AFEE
L 7= Jiflg+- > 7' V1% Poly/Bed 812 (Polysciences Warrington PA, USA) (Z@H#, bAoA Y

YT N RBIEAR R L IR E L DFREE 2 R L7,

A N L ADHIE
b A b LRI T ALY — VBRSO EE (TBARS) 12 L DB B LRE 2 RIET 5
Z & THEE L 72, TBARS (daiat o F&E GV > 7 v & HAuv, TBARS assay kit (Cayman

Chemical Ann Arbor, MI. USA) %W CHIE LT,

JIFfige GSHA D metabolomicg# T

Tl GSH Rt 2 #5895 HAY T, Metabolontt: (Durham NC. USA) (ZHITR D I Rssins v
7NV Z R L, metabolomicdi#tT & ZFE Lz, NFIEHRS ¥ o 7V IZNTAIAEESE D graded -1
EAFRREIC/RD X 9IC L, 1 A LKA o7z 5 Bl ORFlgA AT L7z, f#dT L7 fEik

DO FFAIIEEESED gradelZ LA F D &80 Th D,

TAFEHELGHFD~ 7 ABLOND v 7 A (#4583 LN 24W5[i1#%) : 4T grade 0
TA#HL5-HFD~ U A (#%45- 8Iff]#%) : grade 0% 23, grade 17% 34

TAEEG ND~ 7 A (45 8IFfHl#) : grade )% 445, grade 1% 14
TA#HLG-HFD~ U A (#5- 24FF[H#) : grade 2)° 315, grade 3)% 213

TA# L ND <7 2 (%45 24W5[1#%) : grade 453 54

metabolomic$#AT D FIERCMNT 75 » b Ak — L DFERIC OV TITLLET O L [FEETH 5[44,

48], Y 7 Vi#IE. MicroLab STAR® Y A7 A (Hamilton Company UT, USA) (ZX W17\,
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BEHBREs v~ N7 77 4 ——% 7 DWEESHTFH (UHPLC/IMS/IMS . UHPLC/MS/MS,
HAZa~< I3 7 4—BIXOT A~ N7 I 7BEGTEZRHOCTREwZRIE LT, 1%
W ORITEIL. REHEANGRHEZ THRHE SN ETOREMTHL VT va v ¥ A AL, T

DB GIREND ZE T TEESFOWMA THHA Y —AT T T A k. MSIMS ZA~L7

o

MV EWS T2y FIZRADOERZFHIL, B THOIREME O R L i+ 5 2 L TREL

Tzo RIESNIAEHO 5 B, GSHRGHHIZEIET 2 I SOV TEHT 21T > 72,

TA 35 X O TASO O ifi #E Fh i B ) i
i vp A s B E RE OB D S ERE L 72 Y o L A2 L B L RO VA CHIE

L7z, EBR1ITIEITARBIWTASO, EB 3 TIXTADHIEEITo 7=,

JTgt GSHE X TN GSSGOHIE
Bk O BHREFFI Y > 7L O GSH & GSSGH: % Bioxytech GSH: GSSG-412 assay KIOXIS
International Foster City CA., USA) MW THIE L7z, gD GSH #IZOWTiE, # GSH

B GSSGENLRET LT,

OGRS PR

filf RITTFELARER A (SD) TR LT, BREA PV ARERS LY GSHHETIX, £3 F
test THEOHUEZ MR L (FEKYE : 025 . £D%IT Student'st-test (FENHTH L 5E) &
WL Aspin-Welcht-test (53 TR WGR) ICK DA EERELIT o7z, ZILDH ONTIZIX
Microsoft Office Excel 2003(Microsoft, Seattle WA, USA) % 7z, B A N L AWEIZD
WCIE, ttestiZhNzC 5 BMd/)F 2 N U >~ 7 Dunnett's testic L 24 EZME% SAS Drug
Development 2.1 (SAS Institute Cary. NC, USA) %\ CTiT-7=, TABERIFHIIREESLD 7 1L

— REHEF, 25y - F—hvxd - 42X T x2—A7 177 A (hitp:/laoki2.si.gunma-
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u.ac.jp/exact/utest/getpar.hdmiz fi f§ L Mann-WhitneyU testiZ L > CT47 -7z, metabolomicdi##t
DFERSNTIE, AEICE > TT—Z DIES DS BEINT 5 D&% 5 BT 2 5 525
L. Array Studio (Omicsoft Cary, NC, USA) & 5\ F“R” (http://cran.r-project.org/ C Three-
way ANOVA % FEljiii L, False discovery rate(FDR) {225\ T4 g-valuelZ L - CaEffi L € g<0.05

T 5 DI p I X 25 21T > 72, p<0.05% et HIA E & Hllr L7,
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RS

PR AR RO A (28R 1)

TA #EH G HFD = 7 2Tl & TOMETHARIEH LB Shizhs, £ OO B
RINho7c (Table 2-2 . TA# 5 ND ~ » A1 314+ 1361035 2475 48FF[H# D
\ZHE1E L7z (Table 2-2 , JE1CL72 ND~ 7 A4 T grade 4)> 5 DEE DO 2 L7,
A7 ND ~ 7 2 O HIRAESEIT TA 525 8 Rifilfk TITHEE TH o703, 24H D\ 48RFHIL T
ILEE Ch o7 (Figure 2-2-A Table 2-2 . Z#ucxt L, TA 85 HFD ~ 7 A2 CHlIE7e < |
ND ~ U R &l d 5 & JFHIEEE DR E L E CTh -7 (Figure 2-2-B Table 2-1 . 72¥3,
B LAk, TA G 8 IR D 48IF %2V T, HFD ¥ 7 A TILZ ND v 7 X & HAT

HE ONFAIER A BlEL S u7- (Figure 2-2-A Figure 2-2-B

TA BL O TASOD MAEHIRE (55 1)

TA B L TASO O M fEH IOV TIE, HFD v 7 A & ND ~ 7 A L O CREaHRIT I L
TWeWb DO LNREIHLNRNST, WThO~TATEH, TA OMBEPRET TA #
5 53#%I12. TASO D MR IT#H L 600 ZRICENENE— 7 ITE L, &5 4800121

TA & TASO b IEN R &< 72> 7= (Figure 2-3

TAFEIC X DT LA LA (528 1)

JFIR O A b L A~—5—Td 5 il TBARS ®IZOWTIE, TA KL O4A, HFD < v
AL ND ~ 7 ADMIZEITRD b/eno7- (Figure 2-4 . TA $:5 ND ~ 7 2D fiffik TBARS
i, RN REE IS/ 285 2438 KOV 48FHIZIZH VT, TAFER L ND ~ 7 A & thig

L CIREFISEM L, Zaucxi L, TA#45 HFD v 7 2 OJiffif TBARS &1t 5 243 K1Y 48
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BRI WTE TAJER S HFD~ 7 R L LB LT L7220 72, 728, TA &5 48K5H#%
TlX., TA %5 HFD ~ 7 2O fiflif TBARS &% TA 3% 5 HFD ~ 7 X & ik L CHEICHEA L

v, ZORDOEFRIIAHATH T,

GSHf# > metabolomicdi#tr (35 1)

Table 2-2.Z/iFli GSHI D metabolomicd# Tt # 4. Figure 2-512 GSHRHR#4[26-28, 43]
&, TARE 81 LU 24W5f R O RO L 7R T,

TA #5458 B4 CiL, cysteinyl-glycineZs HFD v~ 7 2B XV ND ~ 7 A Tl L7=DIZxt L,
GSH, cysteineis L O° taurine (X HFD ~ 7 A TOAJ#k L7z, ophtalmate 5-oxoproline$s & OY
glutamategd HFD < 7 XA TO AN L7z, gamma-glutamylaminoacidk HFD ~ 7 2 TO &) 48
b7, TA G 241##% ClX. GSH. glycineis L U gamma-glutamylaminoacith HFD ~ 7 A
END v~ ATHALEDOIZK L, GSSG DN & ophtalmate 5-oxoproline, cysteine
cysteinyl-glycine 3 & OY cystathionine® #0728 ND ~ 7 A COAHGRH H 417z, ophtalmate 2-
aminobutyrate 5-oxoprolineds & O glutamate?D /)0 & | taurineds & OY hypotaurine? g/ 7% HFD

<~ ATEERINT:,

ND ~ 7 A D TA FHFNTMIaEEFE I Hiie b BHA & 520352 2 3% (28R 2)

RO LY ND ~ 7 A2 TA #H% 535 L5 24 RMZICB WO LHIARAE L, HEE
D TA FBRNFHRIEEIEN BTz, LrL, ND = 7 ZICHIR(LA] BHA % TA & fHH#5 Liz
A, TAEL 2405#% £ CIZBE LT 5 ND v v 21372 < 72 0 | TA IR L A EIC

58 L7= (Table 2-3 .
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HFD ~ 7 20 TA FE 5 ITHIIREESEIC GSHE RFLE A BSO# 57352 2 58 (55k 3)

HFD ~ 7 A1 GSHERIHEAI BSO & TA 2l G- L& 24, TA DHOERG T LTS
% HFD v U AL 72 no 7oy, BSOPFHEEGIC LY TA S 2475 4854 OfC, 2541
2B Lz (Table 2-4 , BSOfUfH#GIC L 0 # 5 24 FFE % D TA S5 IFHIIREESEIZ I3
B 23, 48 RefHTR D TA FHRNITHISQEIE I ZIIA ERHENRO bz, Z2¥, HFD w7 Z|Z

BSOD A %5 LI-5GE121%, HIBIZELIZERD HivienoT-,

HFD ~ 7 2 O GSH &I L OMILAE T TA IREEIC BSOK L2352 258 (F28R 3)

vehicle (ZEEE&EIE/K) &5 3 B LU 8 Kfffj#& T3\ T, BSO/ehicle#E DJITlE GSH &1
vehicle/vehiclelf & bl L CTHEIZIKME CTH - 7= (Figure 2-6 , 7=, FB 1 O metabolomicdi
Hriti sk (Table 2-2 Figure 2-3 & [FlEk, TA &5 8 3 LU 24 {228V T, vehicle/TARED
JIFli& GSH#:1X vehicle/vehiclefff & it L THEICIRD > 72, E72, TA &L 37005 48IFHZIC
BT, BSOTABEOfITHE GSH #ix BSO/vehiclelf & ik L THEIZIKME CThH o7z, I HIT,
TA %5 3, 83 LU 48 K54 (CHV T H . BSO/TAREDNITHE GSH I3 vehicle/TARE & bt L
THEIE -T2,

—J5. M4EH TAJREE L, BSO/TAREL vehicle/TARE CIRIZFABOIBERS 2R LIz 2 &0 b,

BSODHF Mz L-1X TA DEHFERICHE LWL E 2 b/ (Figure 2-7 .

HFD ~ 7 20D TA #5112 X 2 iFl# (b2 L2 (TBARS &) |2 BSO# G352 D8 (525
3)

TA & %\ iE vehicle (EBRAEIEK) 5 24 15 X 48 K[ (2350 T, BSO/vehicleff &
vehicle/vehiclgit & % \ VX vehicle/TARE & vehicle/vehiclgtf @ i TBARS &% ik L7228, A&

RAEZH BN oT (Figure 2-8 . —J7, &5 245 LU 48 FF[##%123 T, BSOITARED
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JITli& TBARS (X BSO/vehiclefif & bl L THEIZEEZ /R LTz, 7o, &5 24 FfE#&ICB
T, BSO/TARED IFfi& TBARS 1% vehicle/TARE & bl L CHEICHME R LT,

7pE. B 8 FERI I T vehicle/TARED T TBARS & vehicle/vehiclelif & ki LT
AEICEMEZ R LIz, LinLens, &5 8 %D vehicle/TAFEIZK T 5 TA FHJEITHIEE
FEITEEE CTd D Z & vehicle/TARE L BSO/TARED ]I T TBARS 35 L OTFHIAEESLIZ DU
THERENRO LN > Lvh, 2O TBARS BOEEIXFMEFMERENMENLO L

=z 7,
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%

Pt

B—RETIE, HFD ~ 7 AIZB\W\ T TA SBRITHIREESENHES T2 2 L 2 6T Lis, AE
TlE, HFD v 7 RIZH1F 25 TA FHREMMIBEESL ORI, GSHIZ X 2 (LA b L AMfl DT 5
BN DT DEBREIT 12,

AREDOFBRTIE, ND v 7 2RI D TAFRITHEIEOMILEZIZ 2 BRI T TA D&KL
H &% 100 mg/kg: L7228, TA BRI ORESCIMAEH O TA 510 TASOEE L TA
OFH RN 50 mglkgTH o2 R EFRETH-TZ, T7bH, HFD~ 7 A TIEIND ¥ 7 A
EHHR LT TA S FMIBESE AN A BT Lz, £72, HFD v U X & ND v U 2D T TA
B LV TASO O MFEHFREISHEHNTIZ L TWORWNS OO B EITBd bk hrol, L
7=l T, TA OEHE% 100 mgkgd: LT HFD ~ 7 A Tk TA @R AFAIIREESE X KE5 5 5
L, EREOBTIE TA H2VIE TASO OMIEFRERK TIC L2 DO TIERNZ ERAREN
72,

TA HHIZ X Db A L A% TBARSEIC L > TRl L7= & 2 A, TA 5 245 K10 481
MZIZEB VT, ND~ 7 ADfiflEk TBARS &% TAJEEH ND~ 7 2 H 5\ ik TAH L HFD~ ¥
AL WL CERECh o7z, TAFL 245 L O 4851213 ND ~ 7 A28\ C 31419 2941 C
grade 425\ & 5 &V o - EHER TA FRITMREBENSBIE S NDL XA LRA L N THY, =
AU TBARS BEMEMT 5% A LR A b &—F L7z, —F., TA FFRITMIREIE N e L7z
HFD ~ o 2 TiL, TA #5144 TH Tl TBARS ®ITEM L7207z, 51T, TA L&
DIRIEA b L AN 5 ND = 7 22 HilR{bil BHA[49, 501a 0F #5425 & TA ST
FABEFEZ WG LTz, 2O DFRERNS, TA BEIZ XD MTFEEE LA b L AN~ D7 AIZE
5 TA FHRFMREIEDER DO —>THY, HFD v U A TiX TA B HIZ L DA F L AR

il 5 2O FF THIHI S v, TA FBFEITHIISERIEAEI 95 2 L D3Rk Sz,
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GSH 34RO EE LB (b E & LTmbN[27, 41, 42] ~ U ZAOHFE TITHEAN THEIZ
B RSN TEY . ZO¥EMIE 1455 TH H[29], £ 2T, GSH OERL - Rz OV T
His&3 2 A CHIFIE metabolomics#bT 21T >72 & Z A, TA #1458 Ifij#% CTiX. HFD v 7 X
BT GSHRFNCHEGT 22 HMONRBMTEORERNEE T D2 L3 nhole, Bl ZIE,
ophtalmate: GSH{Z4t|Z gamma glutamylcysteine synthetaseglutathione synthetase J > T4k
END[28]7-% GSH GRDIEIE L 72 %73, ophtalmatelX HFD ~ 7 A TOAIEM LTz, -,
cysteingdd GSHAH R T %57 X /D —[26, 43[TH 1 . GSHO A A HH T 5[51]75, TA #
B HFD vV ATORBD Lz, ZNEDFERNE, HFD v 7 A Tlx TA 52X > T GSHD
BRNTLET S EE 2 DL, MIRIMIAFET D GSHIIREZERT 2 /B Th D cysteinex Iy
Y A& &2 LCH Y., gamma-glutamyltranspeptidase ¥ cysteinyl-glycine~ & R &4, &
DR S THIRELIC glycine & & $1Z cysteine’ ks X415 (26, 27, 51] TA &5 HFD v 7 A
TiX cysteinyl-glycineldZj#i b L7273, GSH MU S 41 5 BRIZ cysteinyl-glycine & & H 12 T& %
gamma-glutamylaminoacid[26, 27]> &, 121330, 2 DIFZEMHELS | HP L TWzb Dl 1
O E o7z, E 512, gamma-glutamylaminoacid® fti#f S AU TARL S 415 5-oxoproline s X Y
glutamate[26]x HFD ~ 7 A COREEM L7z, ZH b DFERNS, HFD 7 A TiX TA & 5%
IS C GSH ORENITTHET 2 Z L2 L b, HlEAN~ cysteinex X U &% GSHA#ERKT
JBEOUAE ND v 7 R EHARTHEIML TS Z &R, UbagElns L, TAEKL
8 W23\ T, HFD v 7 A Tl& GSH &AL - A LEL T D & bz, SHIT,
HFD~ w7 A TOHA, TA 5 8 REE# 1235V T taurinedJgib 34 H L7, taurineld GSH & [Flkk
|2 cysteined H AL S 4L 5H[43]723, cysteingl2 MKW 6. GSHA LAY taurine& il L 0 & 5L
ENDZENRESNTVWD[B2], Lz~ T, taurine 23 L7z HFD ~ 7 2 Cl, cysteine
ZIRIANIC GSHARICHM L7z LHEIS iz, —J5. ND ~ 7 AT TA 5 8 K &ZIZH
T, ophtalmate gamma-glutamylaminoacids5-oxoproline glutamate cysteineis & O taurine I %

B Lo Z L b GSH A-efiiinst > GSH fU#HEiE LT 59, cysteinet, GSH
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BRICERMIIER SN TR E B2 biv, #5 24 F%ICE T 5 HFD ~ 7 2 D fiflik
R DI 8 KFE#% D HFD ~ 7 ADZ L RROEMZ /R L2 Z &6, HFD v ¥
ATl 8 FH# & AR GSHARL « IR TTHEL TWbH B X biLlc, —FH. ND v A
TIX#% 5 24 BRI 128 T ophtalmateD B 23586 Hi7= 2 & 225 GSH A RO T AV/RIZ X
. & 51 5-oxoprolineCHl s GSHLIZ D cysteineD AR T & % cystathionine [43h 38/ L
72 b, cysteineDE BB LTV AD EF 2 Hiviz, F£7-. hypotaurineX®> taurine (ZZb
TN 72 2 & D26 cysteineld GSH A EUICEEMIZHEH S TWaRnWEE X bivle, LR
ST, #5 24K#ZIZB VT, ND v U ZADJFIETIX GSHAERKL, #fasto GSHIRH!, cysteine
fHAG2ME T, WAL, 2»> GSH OEEMAEMRbEZ SR LRz, UEo
metabolomic$#AT#t K225 . HFD ~ 7 A DFIRICH51T 5 GSHA AL « fRE#HE ND ~ o 2 L ki L
TILEL TS LB BT,

> GSH AR « UL TA #45 HFD ~ 7 AT L TV D L EX LN L b 5T,
TA 5 88 L O 24 K14 OfiFlik GSHE (X HFD ~ 7 ATl Lz, ZOXF & L7-fba 4 bl
T 5729, HFD ¥~ 7 A TOifli GSH DL GSHAERL A kL 2 &3~ 2 7= DI S h
el E WG AN Tz, ZOMGREMREET 5 HIUT, GSH A EFLERITH 5 BSO[45, 46]
Z HFD ¥~ U ARG 5 2 L1280 TA HEROFIEELILA b LA 572, BXLT TA
FHHNTMIZEIEN S 20 2R Lc, £7. BSO &G X DTl GSH &2 kA L 5
7c& 2 A, BSOIL HFD v 7 Z DAl GSHEZ A SELEMNH 5 Z L END b, £
7z, BSOIX TA 540 HFD ~ 7 A DfFligiR{b 2 b L 2 2 A EICHEINSE, TA FHFEATHaE
FEHE S G-, U LEOEENS, HFD ~ 7 2ADOfFlE TIZA R « fRH#N LT 5 GSH D) =
TELA L ARMfIEND Z & T, TA FEITHBELNEGI L TV D 2 E BRI
7=

AN D GSHIZA I~ Py —EHZFHH L7212, BHH T Th 5 GSSGIZEH L =

5[26, 2713, ARF D metabolomicdi#T Tix TA # 5 2411212 ND ~ 7 XA TO Al D GSSG
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WYL 7z, GSSGIIMmMWE TH Y | BRI~ PR S D Z LB AT
%[27,53,54] L7243 - T, HFD~ 7 ADFIETIE TA #5460 GSSGO HMINHIA TA 7 %
AR SEI ST H L CW D ATREENRBZ 2 bivTe, T OREEMEIZ DWW THRGET 5 72 OICITE 72
LEBRPVELEZ DD,

REOERND, TA HEHOYEA, HFD v 7 2L ND ~ 7 2O TIINFROB(EA ~ L2
R GSHEIZENE N -T2 L2 n, i IIT 5 GSHER, GSHDWHE, M{bA KL ADA
T ALRIEVERBEEDO A TIIE LW EHRl STz, —FH, TA z2&EShb L Z0RT
VANEL, ZOME HFD v 7 AL ND v 7 AT TA BRI DRI AN E L L
Bz bT, REOEENHIL TA 54412 HFD v~ 72 & ND v 7 A2 L DT GSH Ak,
GSH D% | Bt A F L ADNT v ZDOEAITZENE T DR EIEH ST > TN &
5. HFD~ 7 A28 2 TA FREATMIEESERES(CFB 1T 5 GSHOEE % X 0 FE/MICH 572
DT, EROBMRPBELEZ BN,

PLE. REOREND, HFD ~ 7 A DT T TA 5% GSH &k « a3 T L,
GSH Off) & T TA FHHBLA MLV AREREIND Z &2 TA FHFIFHBEIE DR & R < 230
o TNWDH I ENREBENT, LML, HFD v 7 ATk TA & HIC XV EEA b L AREINL
RNCH D LTSN Z 2 2 LD, LA N L RAUSNOEF R~ T AZEBT D
TA FHRIFAMIEICEAG L T Z EIEHALNTHD L L BIZ, ZNHD HFD v U X |ZHT
5 TA FRTMELRS L L TW A ARENRE 2 b, LA >T, HFD v 7 2D
TA FHFNTAIAEEIENGI OB F 2 K 0 IE L S BT 2720121F, BR{bA b L AL OEFIZHO

WTHERDIMREATOMENR DD BRI,
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Table 2-3. The effect of BHA administration on Tluced hepatocellular necrosis in the ND mice
hr after TA administration

Vehicle 24 hr
ND mice without BHA treatmer®
Number of mic:” 6 (0) 19 (9)
Incidence® 6,0,0,0,0,0 0,0,0,1,11,7
Mean score 0.0 £ 0.00 4.3 +0.58
ND mice with BHA treatment
ND/BHA: Number of mic:” 3(0) 4(0)
Incidence® 3,0,00,0,0 0,1,300,0
Mean score 0.0 + 0.00 1.8 +0.50"

Vehicle and 24 hr: The mice necropsied at 24 larafehicle or TA administration, respectively.

BHA: butylated hydroxyanisole. Mean score repres#¢ie mean of grades + S.D. a: The data are
derived from Table 2-1. b: The values in parenthest®w the number of dead mice. c: The numbers
show the number of the mice showing each gradeghtocellular necrosis (0 to 5, from the left t® th
right). i p<0.01 versus the ND mice without BHA treatment (kaihitneyU test). Modified with
permission of The Japanese Society of ToxicologymfEhirai, et al. Hepatic glutathione contribuies t

attenuation of thioacetamide-induced hepatic nécthge to suppression of oxidative stress in diet-
induced obese mice. J Toxicol Sci 40: 509-521, 2015
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- Experiment 1 ~
( TA or vehicle
dosing (0 hr)

ND mice
HFD mice
t t t t

| Necropsy time points 3 hr 8 hr 24 hr 48 hr

{ Experiment 2 | ™~
/ TA or vehicle

dosing (0 hr)

ND mice | Feeding a normal rodent diet with BHA for 14 days

\

\_ Necropsy time points 24 hr

Ve Experiment 3

BSO or vehicle TA or vehicle | BSO or vehicle
dosing (1%, -1 hr)  dosing (0 hr)| dosing (2"¢, 5 hr)

1 t t t

. Necropsy time points Ohr 3hr 8 hr 24 hr 48 hr

%y

HFD mice

Figure 2-1. Schematic diagram of experiments 3. tBach diagram outlines the timing of TA, BHA and
BSO treatments and necropsies. hr: hours. Modifiéith permission of The Japanese Society of
Toxicology from Shirai, et al. Hepatic glutathionentributes to attenuation of thioacetamide-induced
hepatic necrosis due to suppression of oxidatresstin diet-induced obese mice. J Toxicol Sci 49-5

521, 2015.
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Figure 2-2. Histopathological appearance of tylpiegpatic lesions at 24 hr after TA administratién.

The liver of the TA-treated ND mouse. B: The liver thie TA-treated HFD mouse. High power
appearances around the central vein are showreimget in each figure. Necrotic (arrows) and savoll
(arrowheads) hepatocytes are shown. In compariszdhet ND mice, the grade of hepatic necrosis was
decreased in the HFD mice. CV: central vein, P\fipgmetal vein; HE stain; Bar = 100 pm. Modified
with permission of The Japanese Society of Toxicplogm Shirai, et al. Hepatic glutathione contrigsit

to attenuation of thioacetamide-induced hepaticows due to suppression of oxidative stress it die

induced obese mice. J Toxicol Sci 40: 509-521, 2015.
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120 ~

-+ TA (ND)
-= TA (HFD)
100 4 -o- TASO (ND)
-e- TASO (HFD)

Plasma concentration (pug/mL)

200 300 400 500
Time after TA administration (min)

Figure 2-3. Plasma concentrations of TA and TAS®@ra&f single dosing of TA. For each diet type, the
number of mice at each time point was 4 at 5 andhitbafter TA administration, and was 5 at 30, 60,
120, 180 and 480 minutes (min) after TA adminigtrat Black squares: TA concentration in the HFD
mice, white squares: TA concentration in the NDeniolack circles: TASO concentration in the HFD
mice, white circles: TASO concentration in the NDcen Values are expressed as the mean + S.D.
Modified with permission of The Japanese Societf@ficology from Shirai, et al. Hepatic glutathione
contributes to attenuation of thioacetamide-indueepatic necrosis due to suppression of oxidatiess

in diet-induced obese mice. J Toxicol Sci 40: 509;%2015.
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Figure 2-4. Hepatic TBARS contents of vehicle-teelaiice necropsied at 24 hr after treatment (vehicl
and those of mice necropsied at 3, 8, 24 and 4#tér TA dosing. The number of mice per group was 5.
Values are expressed as the mean + S.D. Black ostuime HFD mice, white columns: the ND mice.
T1:p < 0.01 between the ND and the HFD groups (AspineWetest). $:;p < 0.01 compared to the
vehicle-treated group (vehicle) (parametric Durigettst). Modified with permission of The Japanese
Society of Toxicology from Shirai, et al. Hepatiigthione contributes to attenuation of thioacédkm
induced hepatic necrosis due to suppression ofatixil stress in diet-induced obese mice. J ToX3wil

40: 509-521, 2015.
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8 hr/24 hr
‘Cystathionine Y [ N
8 hr/24 hr ¥ 8hr/24hr 'y v
Hypotaurine —, — / -, LHCySteine O = —V\ v -Glutamylcysteine Synthetase
v 8 hi/24hr -
Taurine —, | / -, |
8hr /24 hr 8 hr/24 hr v

‘ (y-Glu-2-aminobutyrate)

v-Glutamyl-AAs —, for | / |, | | PP Glycine —», —/ |, | (¢ —Glutamylcystein)

8 hr/24 hr Glutathione Synthetase
—— Cysteinyl-glycine |, | / |, - [ - 701

8 hr/24 hr 8 hr/24 hr
} Glutathione (GSH) -, | / |, i‘ Ophtalmate —, 1/ |, 1

l 8 hr/24 hr
Glutathione disulfide (GSSG) -, -/ 1, H‘

Figure 2-5. Changes of metabolites involved in gh&athione metabolism at 8 and 24 hr after TA
administration. Metabolites are represented by regjaand enzymes are represented by circles.
Metabolites written in the roman type were investiggl in this study, and those written in the it&jice
were not investigated. The up-arrows, down-arrcavel horizontal arrows show that the values of the
metabolites in the livers of TA-treated mice in@e&@, decreased or did not change compared to tiose
time- and diet-matched vehicle-treated mice, respalg. Black arrows represent the changes in tBe N
mice. Red arrows represent the changes in the HEB. Modified with permission of The Japanese
Society of Toxicology from Shirai, et al. Hepatikigthione contributes to attenuation of thioacédkm
induced hepatic necrosis due to suppression ofatixil stress in diet-induced obese mice. J ToX3wil

40: 509-521, 2015.
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Figure 2-6. Hepatic GSH content of mice necropaie@, 3, 8, 24 and 48 hr after vehicle or TA dgsin
All mice were treated with vehicle or BSO, henteré were 4 groups (vehicle/vehicle group,
BSOl/vehicle group, vehicle/TA group and BSO/TA groudg)e number of mice per group (n) was 5
except for the vehicle/TA groups necropsied at 8n@& 48 hr (n = 4), and the BSO/TA group necropsied
at 48 hr after administration of TA (n = 6). At Ddfter vehicle or TA dosing, the data of the v&HiEA
group and the BSO/TA group was the same as thaeofehicle/vehicle group and the BSO/vehicle
group, respectively, because TA or vehicle wereaatiially dosed at this time point. Values are
expressed as the mean = S.D. White columns: thielgarehicle group, black shaded columns: the
BSO/vehicle group, red columns: the vehicle/TA graamd dark red columns: the BSO/TA group.

", 7 p<0.05ang < 0.01 between the vehicle/vehicle and the BSQdlelgroups, or between the
vehicle/TA and the BSO/TA groups (Studertttest), respectively.: p < 0.01 between the

vehicle/vehicle and the BSO/vehicle groups (Aspieldhit-test).®®: p < 0.01 between the vehicle/vehicle
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and the vehicle/TA groups, or between the BSO/vehiad the BSO/TA groups (Studerttgst).*: p <
0.01 between the vehicle/vehicle and the vehiclegfdups, or between the BSO/vehicle and the
BSO/TA groups (Aspin-Welchtest). Modified with permission of The Japanesei&y of Toxicology
from Shirai, et al. Hepatic glutathione contributesttenuation of thioacetamide-induced hepatic
necrosis due to suppression of oxidative stredéeirinduced obese mice. J Toxicol Sci 40: 509-521,

2015.
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Figure 2-7. Plasma concentrations of TA after glsimosing of TA. All the mice were treated with
vehicle or BSO, hence, there were 2 groups (vefiidlgroup and BSO/TA group). The number of mice
per each group was 4. White squares: TA conceoitrati the vehicle/TA group, black squares: TA

concentration in the BSO/TA group. Values are exqgdas the mean + S.D.
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Figure 2-8. Hepatic TBARS content of mice necropsie0, 3, 8, 24 and 48 hr after TA administration.
All the mice were treated with vehicle or BSO, hertbere were 4 groups (vehicle/vehicle group,
BSOl/vehicle group, vehicle/TA group and BSO/TA groudg)e number (n) of mice per group was 5
except for the vehicle/TA group necropsied at 3n@ 48 hr (n = 4), and the BSO/TA group necropsied at
48 hr (n = 6). At O hr after vehicle or TA dosirlge data of the vehicle/TA group and the BSO/TA grou
the same as that of the vehicle/vehicle group hadSO/vehicle group, respectively, because TA or
vehicle were not actually dosed at this time poifalues are expressed as the mean £ S.D. White
columns: the vehicle/vehicle group, black shadddrons: the BSO/vehicle group, red columns: the
vehicle/TA group, and dark red columns: the BSO/Téugr.": p < 0.05 between the vehicle/TA and the
BSO/TA groups (Aspin-Welchtest).?, 5% p < 0.05 ang < 0.01 between the vehicle/vehicle and the
vehicle/TA groups, or between the BSO/vehicle amdBBO/TA groups (Studenttgest), respectively.

Modified with permission of The Japanese Societymficology from Shirai, et al. Hepatic glutathione
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contributes to attenuation of thioacetamide-induoeplatic necrosis due to suppression of oxidatiess

in diet-induced obese mice. J Toxicol Sci 40: 509;5015.
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B2 BEBERKE~ Y X IZBIT5 thioacetamide &5 3 ATl i BE

eI T ~D fFhigk p38 mitogen-activated protein kinase® E§ 5

I

B OEEFTOMENS, IET NV a— BT (nonalcoholic fatty liver disease, NAFLDO <&
TN TH D EIEN R~ A (HFD~ 7 A) [33, 34ICIL, F - AR i pHa i~
A (ND ~ o &) &btz U CFEME®E thioacetamide(TA) 5 IFHHIALESE NG T 5 2 & |
BELOHFD v 7 AO g Tl TA B 5412 glutathione (GSH DAL - (NI TTET HZ & T
TA FHEBIA N L AOEMBIH S5 2 &2 TA FFRMIFAIEEEERTICF S LT\ D
ERENT, Lo, HFD ¥ U A TiX TA B EICKVERE A b L AR L 220N b 030
SPNFHIIIEESENAL = 5 2 L, B A N L ALSAOMEF A TA FBRITHIIESEIZBIE L T
WHZEEFHBENTHD ELBIZ, ZRHH HFD v U RICHIT D TA S5 LSR5
HLTWDAREMENE 2 b,

p38 mitogen-activated protein kinasMAPK) [ H1CEBEHIIK 22 ST L CiEE(Ld
5% —+¥ Th H[16], F 7= . carbon tetrachlorideX® ethanol ® B #& 5 & % X
lipopolysaccharide: D-galactosamineD {Jf ¥ G-12 K > THFIRO BN Z 5728, ZDERITH
p38 MAPK 23iEMAL4 5[20-22), & 52, ethanol: Fas7 ==A MEM ZFoHUARO OG-
pyrazole& lipopolysaccharide> f % 5-. & 5 W IFEE M BRI L 2 HFEEE2Y . p38 MAPKBH
P GIZ L VBT T 5 Z & b SN TVWA[23-25], Z D & 912 p38 MAPK 1134k it it
RSB T2LZE206N5 20D, BEA FLRLAD TA 5 MIREESEIR ST 12 B

RIS S i R B A Y g 8
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AETIL, p38 MAPKZY HFD ~ 7 A 28511 5 TA FBRNTAIREESERETIC T 5 L TV D 0 Zfif

AL,
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MELL J5ik

FBRT YA

ARETIHIBT D 2 DOEBREFEH LT, G LHBmDOZ A I 71220 T Figure 3-1I2H
W& 2”9,

FBR 1Tl B omOFER 1 OFFEEY o 5 b #h 30 83 KU 24 Rl IR
LB LR L72b D2 L, HFD~ 7 2 & ND < 7 2281} 5 il p38 MAPK I L8
U U FE{k p38 MAPK (p-p38 MAPK) @ Western blofigt % i L7-, £7-. & = CHEfu L7-
metabolomicsfi#tT THRIE S 7D 5 B RIEMWIEE AT 4 ==X —IZONTE LR 5
W4T -72, 325k 2 Tid p38 MAPK inhibitor SB203580(SB) & TA Z{ff#45- L7 ND <~ 7 %

D TA FBFEATHMIEESEIZ DWW T, SBHE LG ND ~ 7 ADFh & i L,

B

Febk 2 TiX, 8MlEHDME C57BLI6I~ U A% AART ¥ —/L A - U 3— (Biik) MHEEAL, K
EAREB L O o AR YR CRFE-1 (4 ) = X VEERE T3, #0UR) % B mERS iz, 3
WO, 11O~ ¥ ARIBROEE 21T 72,

RETIT o B ERLE - SIS ERDHEESOMEFEEIC LV AR INZH O
THY ., BOEHER OEIICET 5 BB L O — Ao @) IR 4 2 = R

VEFIRZIZHEIL L TIT o 7=,

p38 MAPK ® Western blofi# 4t

TEMEALICH 5 p-p38 MAPK[15, 1685 L U%4 p38 MAPK (p-p38 MAPK & 3k U ikt p38 MAPK

DAEER D Western blof#HT 217 5 7212, BB L OMIREE it~ b (NE-PER Thermo
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Fisher Scientific Rockford IL. USA) % M\ THFIREGS > 7L DA R Y VES 238 LTz,
YA NV VEGNES X7 JREED 10 mgimiZ 72 5 K 912 ) IR E AR AR TR L, 20
#%1Z Tris-SDS beta-mercaptoethanol sample loading bufferz € « /S 4, HE) TEHIZ 5
mg/mUZ AR L7z, o 7T 95 °CT 543 MMEL L, 10 ul (¥ X7 & &L LT50ug % 10%
RNYVT 7 INT IR (7Fad JW) CEXRKEBL, wEikicy e vy T o 7 4E#E
(Horizeblot 7 b—., H3%) % M\ T Immobilon® polyvinylidene difluoride membranéMillipore .
Billerica, MA, USA) (ZHRE L7z, 723, VKEIRMIEIT L AT A F SDS-PAGEA ¥ v & —
(Bio-Rad Laboratories Hercules CA, USA) OykENRILZZZIZRE LTz, BE LI
enhanced chemiluminescence blocking ageéBE Healthcare Buckinghamshire UK) T7 1 v ¥
7L, Ptk b p-p38 MAPK (Thy 180/Tyr 182 Cell Signaling Technology Danvers MA. USA)
BHHWIHE + p38 MAPK (Cell Signaling Technology % — kil & LTGS2, —kHi
& & LT biotin-labeled anti-rabbit IgG antibod{GE Healthcare & )& &8, & 51(Z streptavidin-
horseradish peroxidase conjugdt6E Healthcarg & )i & ¥ 721, ECL Western blotting detection
reagent (GE Healthcare THLEEL, A > AX U b7 4L A (BEET7A VA, HE) THRELE,
Ry R%Z AE-6961 (7 h—) Z#HWTAX v L, H{GfENTIEE (CS Analyzer 7 h—) TH#
fEift L7z, RERITE Y A LKA MBS TA G ND ~ U ZAORBIEIIK T 53—k

TR LT,

TA KX SBH# 5.
TA Fe G~ 7 Z (I3 APRAHKICIAZ L7 100 mg/kgh TA (FOGHISR T %, KBR) %2, TAFE
B~ o AT AR KA BEEVENEE S L=, P& p38 MAPK OFERE & Iil<4-2 BT,

FOHIE[BS-5712 252, SB &~ 7 AT B KICHEE L= 75 mglkg DR p38

=

MAPK L% SB (Cayman Chemical Ann Arbor, MI, USA) % fEERN#ES L7z, SBIER G~

Y NI AEEAE K 2 BN S U, 51T 24TV, TA H A5 WVITAERA KIS 1.5
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A LY 6 FFffR & Lz, DLEDOHRESRMFICHESE, 4 SO, TROLAMRE KOS
B (vehicle/vehicle group . SB & ABREIE K L5 (SB/vehicle group . ZEFREHEIKE TA #
H#E (vehicle/TA group . = LT SB & TA #4548 (SBITA group (Z31) 72, R TOHO~ T AL
TA &2 WITAEBRBHUKE 24 RfRICA Y IV T2 (77 A4 ¥ — HR) KERT Ol

% HBCALER NI L7z,

TRERRL AR P AR A
IO AMAESE & NI ZESED—E &2 10% TR E AL~ Y CHEE L, T 7 1 ek,

HE Yo AR 2 ERL U 7=, TA FHRNTHIBEESEIC ST — 2 L [RAE O JEYE TRl L 7=,

PRI

FE R EIE YR 2= (SD) C/n L7z, Western bloff#dT Tld, £9° F test T #ME % e
R (FEKYE:0.29 . ZDHIC Student'st-test (5538 TH H5E) & 5L Aspin-Welcht-
test CEHTRWES) ICXD2AEEBRELITo72, 2L OEHTIZIZ Microsoft Office Excel
2003 (Microsoft, Seattle WA, USA) % H\ 7z, metabolomics##AT OFERIZ DUV TIEL, S
LR TELDENEINT 205 MZ 5 HIT, 7 —% 25 # L, Array Studio (Omicsoft,
Cary. NC, USA) » 25 I“R” (http://cran.r-project.org/ T Three-way ANOVA% 5t L, False
discovery rate (FDR) 22\ T g-valuelZ & - T L C g<0.05TH D O A p iz X
DA AT o7, TA BRFMAENXD 7 L — REBEIX, 25 - F— U= - AT
=—A7' w77 . (http:/faoki2.si.gunma-u.ac.jp/exact/utest/getpartht Z-f# i L Mann-WhitneyU

testic & - TiT o 72, p<0.05% HEat2tiyA & Lk L7,
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RS

p-p38 MAPKI5 L. U p38 MAPK D% 81  (F26% 1)

TA %5 3EEM# CTiX, HFD, ND~ 7 A & $1Z p-p38 MAPKDOREILNFERD Hivlz, TA#H 8
R 128\ Cik, HFD =~ 7 2 Cid p-p38 MAPK MEIZTHEA L7=-DIZx L, ND ~ 7 A TiH%
B b (Figure 3-2 . TA x4 24F¢fH#% CTliX, HFD ¥ 7 A KXV ND v 7 A T p-p38
MAPK DFELHR LTz, &30 FEBIE(L L CTHE Lz L 2 A, &5 8 RHRICH W TIT
TA #5 HFD =7 2 Tix TA %5 HFD ~ 7 2% 5\ T TA #5- ND ~ 7 % & bl LT p-p38
MAPK OFBLENA EICK o 7o DIkt L, TAEE ND v o 2 & TAEE L ND v 7 ADMT
L& 7o 72 (Figure 3-3-A , #5 24 FFfij#% Tld, TA#& G5 HFD v UV AB X O'ND v 7 &
T p-p38 MAPKDHBLIZFE® HiehoTz, £z, BTOHX A LKA Vv MIEBWT, TAERS
HFD~ 7 A & ND~ 7 ZAD[IZ p-p38 MAPK®H %\ M E#E p38 MAPK DFEH &l #1138 H 7z
7»- 7= (Figure 3-3-A 3-3-B) .

708, ¥ p38 MAPKDZELIL, TA# G 3KHZIZND v T ATIX TAFH R LG ND~ T R Lt
WL CHRBICKLS, HFD~ 7 A TIE TAEE G HFD ~ 7 X L il L CHEICRE o To, ZOZ%
BOBRHITA S TITZRWR, RF A LKA 2 MZET 5 p-p38 MAPKIZZ{L N HEV =, p38

MAPK JEMEICITRE L WA EROIRWEL EE 2 7,

FFIRAIEMERRE A 7 4 =— % — @ metabolomic#tT (325k 1)

Table 3-LICTIEMEIRE A T ¢ =— & — & L THE SN TV D A EffiEE & 2 O 3#1[58-66]
(22T D metabolomicg# s &% 71,

£ 24 W12 Tid, TAG HFD v U AB L O'ND v 7 AZBWT TAJER G~ 7 A L i

LT 12-HETER A EICE -T2, EHIZ, TABRGND 7 ATt TAFHEEND U R &
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2 L C 12-HEPE X L U 15-HETEZYVA E 72 &1, eicosapentaenoatdinoleateds J: UF arachidonate
DA EIZIME E 72V | eicosapentaenoate/linoledtes & (Y eicosapentaenoate/arachidonatel 7
FRATIZ L TN OO LN & o7z, ZHUSx L, TA &5 HFD ~ 7 A T2 D X
O IRBAIFBE SR o T,

B, TA G 8HFHITRIC 12-HETEAY HFD ~ 7 A TOAMMM LIz, LU, Z OHIMORESE
1L, TA 5 24 K% O HFD ~ 7 AEB LUV ND v 7 AD 12-HETE DM OFRSE & b~ TR
THY, E7= TARE 8L HFD v 7 X THUCEE) LI RIEVNRE A 7« =— F — 3727
STz, LTEDB- T, 20 TA 5 8% O HFD v 7 R(ZH1F 5 12-HETE OHI N IIE Kt

DIEMALZER LN D LE R T,

ND ~ 7 2D TA #FHFATIEESE I p38 MAPK L EF SBH#5-78 5% % %8 (5 2)

TA FH3ENTHIAELIE DR AT p38 MAPKAB G- L TW A0 2% T 5 HAYT, ND~ 7 ATk
R p38 MAPKFHLER] SB & TA 20 S L7z, TA &G 24FF#%I2BV T, TA Bl 5~
T ATIZ9BIF 3BINIEL Licis, SBE TA DG~ U A TR THNIL 22 h - 72 (Table 3-
2) . TABME LG~ XL SBE TA OG-~ U ADM T TA FHHNTAINEE Bl Sh

7oy, BSEOFEEIL SB & TA OfFE G~ A THREICERE Th-7- (Figure 3-4 Table 3-2
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%

B

BB I OE _EOMEND, HFD ~ 7 ATk TA FRIFMRERE N HITT 2L, 0
BFF & LT GSHIZ L DB LA ML AMIHINEZ X biLd Z &R LT, AETIL, p38 MAPK®
HFD ~ 7 ZIZHB 1T 5 TA FREITMILESEIRGI I FH G L TV D 0 a2 i 5 ER AT T2,

Western blof#t OfER, TA $5- HFD ~ 7 2 Tk TA JE# 5 HFD ~ 7 A L Ik L T 5 8
B KON 24 F5[#]1% T p-p38 MAPKOHBLE N H EICIK) o 72, —FH, TAKRLEND v~ 7 A TILTA
FEHE ND v R L HEE L TG 24 Biffl#% TO A p-p38 MAPK DI HLENMEAETZ ~> 7=, p38
MAPK |3 MAPK 77 2 U —IZBT A% —ET, VrBbshsZ & TilEtfbah 515, 16]
Z EMnB, p-p38 MAPK O3 ELE L p38 MAPK O ARNEMALZ EWT 5, £7-. p38 MAPK
ENTAIMREESE D B G-IZ DWW T, ZHVE TICEEERE ST\ 5, #lx X, carbon tetrachloride
e b, ethanol 5-% %\ i lipopolysaccharide: D-galactosamined ff F # 5-12 & - THFig D EE5E
MELZ B, Z OFEIZ p38 MAPK 2ME (L4 5[20-22], ethanol: Fas7 = =2 MEH % FioHi
KOO 5. pyrazole & lipopolysaccharideD {f I $¢ G- & 2 M EE I R TEIC K - THR Lz
JIFEE5EDS . p38 MAPK BREAIOHFGIZ LV EET T 5 2 & bHEINTWNDH[23-25, ZhbD
ED . HFD v~ 7 A Tl TA ERITESIZ p38 MAPK A ARTEMEALT 25 Z L3, TA iB%IF
AL OGS I HH LT\ D &E&E 2 bz,

P38 MAPK [ZRIEZHIH L CTE Y. p38 MAPK FLEAIE 512 X 0 SIE G233 4 5[16,
68, HFD ~ 7 ZIZB W T, TA 5% D p-p38 MAPK # > /37 Ol 72 3 Bl & —E L T4
SESS IR T 5 2 & 28T 5 BT, IO RIEMEIEE A T + —— & —[58-66]IZ DT
metabolomic#iT 217 > 72, TA 45 24 Ff[#]#% Tld, TA &5 HFD ~ 7 2 Tl TA &5 HFD
~ 7 AL LT 12-HETED AR AEICE M- 72DiZxt L, TA #5 ND ~ 7 A Tl TA FE#

5 ND ~ 7 & & g L C 12-HETE, 15-HETE ¥ X (8 12-HEPE 28 f & |2 & < omega-3
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polyunsaturated fatty acitb eicosapentaenoate omega-6 polyunsaturated fatty acidlinoleateds X
Y arachidonate[58, 67} A & Z{&h -7z, F 7=, eicosapentaenoafte & ® omega-3 polyunsaturated
fatty acidiXZ&JEH, linoleatess L UY arachidonate’s £ ¢ omega-6 polyunsaturated fatty acidk
JEMEE 28 < Z L [65, 66))>5 . omega-3/omega-6 polyunsaturated fatty akied s/ 73 SAEME~ —
=,V 95T ERHREINTVDI63, 64, 45EH . omega-3/omega-6 polyunsaturated fatty
acid ILITHEHITIZ L TR E DD TA 5 ND v 7 A TOHH LKL e o7z, BLEo
Z&MB, HFD = U AT TA B GRICRIENENRE A 7 4 =— & — OB IH S TR |
TA 51 D p-p38 MAPKZ > /37 D728 & —B L CTHRIERUSHME F LTV D Z &R S
niz,

INETIZY U AD TA FREITHILEEIEIZ 1T D p38 MAPK D% 512 DWW TEAZICHERS L
IR, F 2T, AETIE ND ~ 7 R TEIRE p38 MAPK [LEHAITH 5 SB & %5
L. TAFBZEIMIEEIENBES T 2 N aii~Te, T ORIR, &G 24RFRZ IV T, TA B
= AT CHRFEL, BEO TA FRITMIBEELNBO Shizoizx L, TA - SB fif
MG~ T A TIHTHNTES | £72 TA FRITMREIE G EES Lz, Ll > T, IO
p38 MAPK (X~ 7 A TA FHHNIFHAMESIZES L TnD Z ERH LN/, HFD = 7 A2

BT D TA BHZROELH R p38 MAPKIEIEDIA 73 TA 5 FEITHINEEESEREE OB O —>T
DL EPRENT,

REOFERNS, TA FEL HFD v 7 2 & ND =7 A T p-p38 MAPK 388 £ K& U4
p38 MAPK R BLEIZ AN -T2 Z L n | IFIRIZE 1T 5 p38 MAPK D3 BLE L ONEM:IX &R
WIEBRHEEOAHRTIIEDL L RN EHER S, —J7, TA BHIZX D p38 MAPK OIEMENZE(L L,
ZOfERE LT HFD = 7 ATl TA BFRATHIIESE 858 L7 & B2 bivie, HFD v U A &
ND ~ 7 X T TA #5412 p38 MAPK DEMEIZZENE L D JRIRNIARFE DR R HIEHA 68T -
TWARWNWZ LG, HFD v U RAIZEBT 5 TA 38T EEEREGS 123510 5 p38 MAPK DR 5-%

FVFECH LN T 2720121d, HRDBMENLELEZ b,
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Vb, KEOFKEENS, HFD ~ 7 AD[FlE Tlix TA 5% I23#00MZ p38 MAPK D iE M A3

DI % 2 LT TARBRITMIIBEEE ST 5 2 L AVRIR STz,

66



"9T0Z '€G2-GiZ T 1080 "92IW 9S8g0 PadNpUI-1aIp Ul SIS0I08U JNgaaONpUI-apILILISIRAIY) JO Uoenualie 0] S8INgLIU0D

aseun| uislorhp@e-uaboiw ged pargAioydsoyd aeday pasealdgga ‘Teays wody A6ojoaxo] Jo A1a100S asaueder)] Jo uaissiwiad yum paiipoN (WVAONY Aem-aalyy)
Aonpadisolb parean-gaiyan paydrew-awn snsian T0°0>dIo G0'6x ¢ “T 01 lenba ueipaw aney 01 pajeas-al SPaa gore ‘aseqere awojogelIsN uewnH :gaNH ‘sawouas)
pue saua9) Jo eipadojdAoaIAY :HDTY "2aW d4H aY1 :ad4H ‘3w aN ayi :aN=y) Aanloadsal ‘uonensiuiupe 10 9jaIyar JglyZ J0 8 1e paisdolosu 92w ay] Uy g pue 1y 8

TSBE0 €16¢°0
29950 26950

Tvove 18/6'8
[44cich) ¥2L6°S

vwico0 @8y L9Y9V T9¢v'S
2coro 12¢S0 €06EY 1810°S

onels ajeuopiyoeIe/ayeousLIUades0dlT
oljes a)esjoul/sreousrejuadesooly

9/¥8°0 ¥129°0 LV82'S 96€9'T S6€L°0 Tvv9'0 19851 G/9E'T Z0Z0T9AnH 3d3H-CT

¥562'T Z€€8°0 T09.°C 6TTE 8189°0 6592°0 £006°0 9£/6'0 0TTZ09ANH ZvL¥0D 313H-GT

8228 5E/50 £092'9 6280 T/86'0 gz0v'0 98ee'T G8T6°0 TTT909ANH 313H-CT
¥556°0 16980 21eLe 8ves'T ££95°0 82/5°0 L0T0'T €60€'T 313H-G

965L'T SYS6'T L6Y7°0 ¥66L°0 eees'T 98202 65960 280 (u:0z) SreuopIydRIlY

0L6T'T ¥000'T 1090 8T0Z'T 2.18°0 8v96'0 20201 8088°0 (9uz:8T) aresjour]

11190 ¥695°0 T80T'T 9T 182€°0 ev05°0 06L7't SElVY (eug:0z) eyeouseuadesools

7 EETEIN V1 EETEN V1 EETEIN V1 EETEIN aanH BREN

a-H an a4H an
Iy ve 8

uonensiuipe V1 Jaye sioreipady fuorewwrejui-oid oneday Jo sabueyd ‘T-€ giqel

67



"9T0C '€G¢-S¢ T 19S |03X0 L

[ "92UgegEBONPUI-IAIP Ul SIS0I08U deday pasnpul-spilaerEy) JO uoenuaje 0] Sanguiuod aseuny uisioid
pegaaabolw ged parelfioydsoyd aneday pasealdag@alieeiys woly ABojodixo | Jo A1a100S asaueder ayl

JO uoissiwiad yum payipoln (a1 Aaunym-uuepy) dngiejdiyaa Jo 8109s 8yl snsian uosuedwod 1oy To'0>d
“:.os@u @ 19| 9yl wolj ‘G 01 Q) SISoJoau Jenjascpguladpe.d yora Buimoys adw syl Jo Jaquinu ayl Moys
SJo@unug "92IW peap Jo Jaquinu 3yl Moys sasayluasathien syl ;e "a’S F sapelb Jo ueaw ay) sjuasaidal
81083\ V.1 pue gs yum pareal dnoib :dnoib v1/8Q ‘pue 9jo1yaa yum pareall dnoib :dnolb v1/9)01yan
‘aropue gs yum paread) dnoub :dnolb sjoiyan/gsitea yum Auo pareasl dnolb :dnoib sjoiyan/ajayan

L60FT€E 0G0F €V 000F 00 000F 00 8109S Uea\
TTS@0 €9'0'0°0°0 o‘0‘0‘0‘09 o‘0‘0‘0‘09 Qouspiaul
(0)6 (€6 09 09 Sl Jo JaquIinN
9JW aN
v1/ds V.1/3]3yaAn 9|dyan/as 93IY3A/3JAY3A

20IlU N dhsop Jae 1y 2 1e SIsoioau Jgnjaosoredsy pauRfyL Uo uonensiulupe gs o 10948 ayl 'Z2-€ 9|gel

68



- Experiment 1 ~

TA or vehicle
dosing (0 hr)

ND mice >

HFD mice

Necropsy time points 3 hr 8 hr 24 hr

1 Experiment 2 ~

SB or vehicle TA or vehicle SB or vehicle
dosing (1%, -1.5 hr) | dosing (0 hr) dosing (2", 6 hr)

mice l l l
ND T

Necropsy time points 24 hr

%

Figure 3-1. Schematic diagram of experiments 1ariglach diagram outlines the timing of TA and SB
treatments and necropsies. hr: hours. Modified w#hmission of The Japanese Society of Toxicology
from Shirai, et al. Decreased hepatic phosphorgla®8 mitogen-activated protein kinase contribtbes
attenuation of thioacetamide-induced hepatic néxiosdiet-induced obese mice. J Toxicol Sci 415-24

253, 2016.
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Figure 3-2. Western blots of hepatic p-p38 MAPHK &rtal p38 MAPK in the livers of the vehicle- and
TA-treated mice. The number of the HFD mice (HFD)nar ND mice (ND) was 3 at each time point.
Modified with permission of The Japanese Societymficology from Shirai, et al. Decreased hepatic
phosphorylated p38 mitogen-activated protein kiras#ributes to attenuation of thioacetamide-induce

hepatic necrosis in diet-induced obese mice. Jcbb8ci 41: 245-253, 2016.
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Figure 3-3. The relative protein expressions of3-fMAPK (A) and total p38 MAPK (B). The
expressions of these proteins were measured bytal®esry analysis using the results of Figure 3@ a

the expressions were expressed as percentages wéltie of the vehicle-treated ND mice at each time

71



point. The number of the HFD mice or the ND mice \8aat each time point. White columns: the
vehicle-treated ND mice, black shaded columnsTi#ealosed ND mice, red columns: the vehicle-treated
HFD mice, and dark red columns: the TA-dosed HFDemit¢ **: p < 0.05 ando < 0.01 between the
vehicle-treated ND mice and the TA-dosed ND micebetween the vehicle-treated HFD mice and the
TA-dosed HFD mice (Studenttgest), respectively. 1o < 0.05 between the vehicle-treated ND mice and
the TA-dosed ND mice, or between the vehicle-tik&i&D mice and the TA-dosed HFD mice (Aspin-
Welcht-test). 1:p < 0.05 between the TA-dosed ND mice and the TA-dé#eld mice (Aspin-Welch-
test). Modified with permission of The Japanese &gcof Toxicology from Shirai, et al. Decreased
hepatic phosphorylated p38 mitogen-activated pndtgiase contributes to attenuation of thioacetamid

induced hepatic necrosis in diet-induced obese.rdigexicol Sci 41: 245-253, 2016.
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Figure 3-4. Histopathological appearance of tyldiegatic lesions at 24 hr after TA administrationihie
ND mouse. A: The liver of the mouse given TA and gkhiB: The liver of the mouse given TA and SB.
The grade of hepatocellular necrosis was decreas&®8ladministration. CV: central vein, PV:
periportal vein; HE stain; Bar = 100 um. Reprodue#tti permission of The Japanese Society of
Toxicology from Shirai, et al. Decreased hepaticgptorylated p38 mitogen-activated protein kinase
contributes to attenuation of thioacetamide-indueeplatic necrosis in diet-induced obese mice. JCbbxi

Sci 41: 245-253, 2016.
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