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HEDOZFEREDFBD LNDIREETH U | JRREDNT & A EHEST L7 W BRI CH A IE7 v = — e AEHh
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Table 1

Characteristics of NAFLD animal models.

PR e IR | W& | NASH | #ubs | HCC i
TR L —0 40%35 LON10%A3 A 2 m— 2B LOYSE R T, AFA=rbal)
AFAEY VIR | " . . . | PREUEBICEY, I NASH £k LTSV BB 0
Zf (MCDD) ST, HEHEHIICE N NASH OMERAOFIA T 25, R 2R
P REMO AR X B IETCE b NAFLD Sk < s ™,
BN GyET S W G123 ) VKSR Gl . He NASH FifEs o)
YU RZHE LT
H e H H H H 73, MCDD X 0 HfHAEES 2, (REHICIR 2R3 7202 E2vb e~ NAFLD &
ikt (CDAA) ®
kE RS
FaLAT LR AR Y—0D 1% N AT r—/ UK 26 CH Y | BB TlL, NASH %
# e # # # 4 ) "
(HCD) 3l U Th s
@A)~ 45-T5% HISEHOROIIE G %, S U, Sk OIRIEEA
N B, MRV SOBBIIRIC &> IR, 200, SUEROREERIAS . bk
St (HFD) # # # # # e B ‘
NASH &35 L= NASH e rd 7%, Bl AU S clar v
W, ECOMAERIRsS ),
o HUMSEANCIE, NASH 45| & = & 720 w8, HFD & Ol kv NASH iz
EINY h—AR g H f /45 fi - 37,49
ks,
FAEPHIZ 1.25% 2 L AT 12—/ LUN0.6% 21—/ Ui 254 L, 6 CHRITZ M X
7T LR e e # # # = | UYL, 4RI = S SO AR B, RS
BEOIR Z% LAV T B NAFLD &1k < 5w ™™
EE T e IR | JEIRE | NASH | #@#wE | HeC i
V7T Kifioblob ~ .
) #i # # 1 e M| ROV TS, NASH ICHHEE e Gl DI LR S 7
A
LT A R SHOEIN L, B, 0, B A ) SE, TR 5 ROURIAIA S
#i # # 1 e e ) - ”
dbldb <A . RS A
forlfor~ 17 % # i # £ 4 M| RO NAFL 706 NASH ~OBTOSEIRHC L -Ties ™,
WA HEOREE R L CTIE D IR RIS 5 T ZoOl#iskc SREBP:
—le AIRRABIEET N T LAV =y s U AT, (A 5275 & 20
SREBP-1¢ k7> o
ey e # i i #i B | o, o, SEEARIxE-T ", bk NAFLD TR S
Jromy IR
M, ZOSREBP-l¢ h VAV x=y /< AT 572, & hNAFLD &%
wEnRes
KK-Av~ % #i # # e e — | s ONR B L CHEVITA SR S5, FAEUL R L
IR LOSUMEITAZ R L. & NASH ORUSHHERRIN L 502 Hitcs
PTEN K~ 1w A i3 pil3 H H H A 5
1%
PPARa/IH= % e e # o e — | R T, IR RS A s, SRR T, AT
A% 7 B O TRIO e IR R Uied, A4 30 B CLIFIEsRaoS
AOX K72 e e # # it | WsoRER L, R RO R L A% 15 0 &
CICHFMaE: HOC 25657375 ™,
K 8 7 ABIRIAEF R AR L, IR L, I3 %5 |
MAT-1A K~ 7 = i3 pil3 H H A A 2
(LRI SClE, NAFLD B RS0 5, fIDEFA ERALDYS 2 LT
TR RET L B 72 NAFLD E7 V%05 = L v T% 5, KBRS LTA RLT R
o WIS, FATE TR R | YmaAs ha vy ks

Insulin resistance, IR; Nonalcoholic steatohepatitis, NASH; Hepatocellular carcinoma, HCC; sterol
regulatory element binding protein, SREBP; Phosphatase and tensin homolog deleted on chromosome 10,
PTEN; Peroxisome proliferator—activated receptor o, PPARa; Acyl—coenzyme A oxidase, AOX; Methionine

adenosyltransferase, MAT
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KRN DREM 2252364 % Table 2 |o7<9, CD, HFD, %7-1% MCDD % 4 #i#EfHL7~=7 v b
RTE, FRRERSS L OMRIRE R (REER/AE%) % Table3 TRy, 4 A% HFD 45
v b (HFD ) oOfkfid, CD &7 vk (CDBH) LY bHEICHNLE, —J%, MCDD #F v
b (MCDD ) OfkfEiE, CDRELY bAEICHD Lz, ZOfFIE, MCDD 23— /L —{{3 L =
FOAR B EET 5 2 LIC k0, REEHD S5 L0 RIO®RE L L5 P, E72, K
AT A REER R ER (REER/AEY) ) 25 Lzs 25, HFD BEOMRHTE & &
I3 CD BEE MR BN T=DICK LT, MCDD BEOMIRHFEERIL CD BEL Y 1.7 fE8nL
T2, ZOZ EE, 4O MCDD A AL 295 2 & A/ LT0 5, ZhbOfiEE, Kirsch
5 5 O LERIL TS,

Table2 Composition of experimental Diets.

Energy composition (gm%) CD HFD MCDD
Carbohydrate 67.3 26.0 65.9
Protein 19.2 26.0 17.0
Fat 4.3 35.0 9.9

Calorie (kcal%)
Carbohydrate 20 20 16
Protein 70 20 63
Fat 10 60 21
Calorie (kcal/g) 3.85 5.24 4.21

Table 3 Body weights, liver weights, and relative liver weights in the liver of CD-, HFD-, or

MCDD-fed to rats for 4 weeks.
CD HFD MCDD
Body weights (g) 243.1+£7.01 959.4+3.63* 88.8+6.07*
Liver weights (g) 7.75+0.79 7.46+0.28 4.70+0.27*
Relative liver weights
(Liver weights/Body 3.19+0.37 2.88+0.11 5.29+0.39*%
weights %)

Male Wistar rats were fed the CD, HFD, or MCDD for 4 weeks. During the experimental period,
body weights were measured once a week. Liver weights were measured 4 weeks after the initiation
of the experimental diets. Data are presented as mean + standard deviation (SD), n = 6 in each
group. *p < 0.05 vs. control.
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FEONTIEIL., CD FEDNHE L V & AT ERE L BT A O Az HFOT- iz £ LTz, Al
NIRRT 2 R0 3 5 Oil Red O %t Cld, HFD 355U MCDD BEOMiEE O3\ Tl 72
RERG DFEFED RO DTz, F7-, HE 4+ TlE, MCDD BEZIBW TRIBIIEE ORHE CTh a7 L—
=V DB SN OIZR LT, HFD BEZIWCIEMCDD #E L 0 /0B & L Cllg SNz, &6
(2. HREORHE LIRSy 2 LR QI BT % Azan—Mallory Y:(aiE, MCDD RBHZIW T O fTHLAEOBE
B AR LT,

CD HFD MCDD

Gross appearance
of liver

Oil Red O staining
of liver tissues

HE staining
of liver tissues

Azan-Mallory staining
of liver tissues

Fig.1 Gross and microscopic findings in the livers of rats fed with CD, HFD, or MCDD for 4 weeks.
Representative images of gross appearance of liver, Oil Red O staining, HE staining and Azan-—
Mallory staining of liver tissues from CD-, HFD-, or MCDD-fed rats. (Magnification of staining
images: 100x, scale bars: 100 um).



H4Hh MmIRAELERERE

CD, HFD, X0 MCDD % 4 HHEBEE L7727 v MIBIT D MAEHEE, b, e~ E AR
4 57=®lz, miEF Ok = L 27—/ (Total-Cholesterol ; T-Cho). TG, =1 A7 v—/L
(Free—Cholesterol ; F—Cho). if#fg1/f% (Non Esterified Fatty Acid ; NEFA), 7 A/ XU HE7
/) FT A7 =7 —F (Aspartate aminotransferase ; AST), 77 =073/ b T A7 27 —F
(Alanine aminotransferase ; ALT), 3L 7L 2— 2 (Glucose ; Glu) OFPEEEZHITE L7~ (Table 4),
HFD FEOMESIZH51F 5 T-Cho, TG, FLT F-Cho IREIZZNZI CD FED 63.9%. 42.4%, &
O 49.6% £ THY L7z, MCDD #fTlE, TG, F-Cho, #& T Glu A CD FEDOZN LI 19.4%,
66.4%, BELOB54.T%E TR Lz, E/o, FHIASG~—7—Th L MM AST BL U ALT REE 7+
% &, HFD BRI H1ME AST 36 LN ALT #REEIL CD #EDOZ4L D & bl U TEEDSTR b AL/ >
7273, MCDD FEDifiE AST 35 L ONALT IREES, Thedr CD#ED 211% & 268%F THA- L7, =
NoOZ b, MCDD #ECIIHIRAG ZIE 2 LTWD 2 LAVRIR ST,

Table4 Plasma biomarker levels in the liver of CD-, HFD-, or MCDD-fed to rats for 4 weeks.

CD HFD MCDD
T-Cho (mg/dL) 75.4+12.5 48.2+3.1% 65.9+12.3
TG (mg/dL) 127.8+26.5 54.2+3.3* 24.8+3.5%
F-Cho (mg/dL) 11.9+1.3 5.9+0.6* 7.9+1.1%
NEFA (mEqg/L) 0.95+0.16 0.96+0.27 0.90+0.14
AST (Karmen) 78.1+23.2 130.1+£59.5 164.9+20.6*
ALT (Karmen) 10.4+0.9 10.4+1.2 27.9+4.77%
Glu (mg/dL) 119.3+19.5 127.8+7.1 65.2+3.9%

Male Wistar rats were fed the CD, HFD, or MCDD for 4weeks. T—Cho, TG, F—Cho, NEFA, AST, ALT,
and Glu levels of plasma were measured 4 weeks after initiation of the experimental diets. Data are
presented as mean + standard deviation (SD), n = 6 in each group. *p < 0.05 vs. control.
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Bofi AHREESE

CD. HFD, XU MCDD #% 4 #EHEEE L7 T » MHZRT DIENEEORE 2 3Hild 2 72012,

R ONRE & &4 JE L= (Fig. 2), NEFA, T-Cho 3 XU F-Cho (%, MCDD #:COAFEIZ EF-L

7z —73. TG %, HFD B XU MCDD #OMHET LA L, FHE~OIRNERE RO bz, B~

TG OFFEIL. CD BEE bl LC HFD #: Tl 2.1 512, MCDD #£ Tl 35 52 L, MCDD #£ Tk

Y BEE 7R RER DERE A DT,

50
—_
2

*
225
E
e
*
0 I 1
CD HFD MCDD

50
2
g *
E
O 25 B
L
Q
l_

0 [ l

CD HFD MCDD

Fig. 2

(9]
o

NEFA (uEg/g liver)
%]
o

20

10

F-Cho (mg/g liver)

*
mlE
CD HFD MCDD
*
— [
CD HFD MCDD

Hepatic Lipid Contents in the liver of rats fed with CD, HFD, or MCDD for 4 weeks.

After feeding the rats with CD, HFD, or MCDD for 4 weeks, the lipids in the livers were extracted,
and the TG, NEFA, T—Cho, and F—Cho contents were measured using enzymatic methods. Data are
represented as mean + standard deviation (SD), n = 6 in each group. *p < 0.05 vs. control.
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o BE

ARFGED HHI Tl % NAFL 35 L UV NASH E7/UZH1T 5 CYP 45 FFREDFEH L1 A [RIBHC Hige
DHIEEOMIZE S LT, NAFL £5 /L8 LN NASH ©F VORBHERICET Lz, ZHE T, Hg
I CTH 5 4 WEDZ >~ F~0 HFD BEIC L Y NAFL 7 AAMERTE 252 &, HFD 8fHIC &
D NASH €7 NEVERT I3 L0 BEOBERLETHL 2 L, BLO 2~4 BHEDOT v h~D
MCDD #4512 & ) NASH EFLA{ERTE 5 2 Ly S Cng 99090 2 - ok,
A O 4 R AR & LC, HFD 845 L Y NAFL €7 /14, MCDD #B£HiZ L Y NASH
T NEANS D 2 L 2R AT,

—MKIZ, B MW TRERBBRE ORI LMK ONFERMEE~ — I —CRHlish T\ D, T v MZ
HFD 35 L O*MCDD #% 4 % OIS LR E~— I —fE % CD #f & it L= & = %, HFD #ooim
3 T-Cho, TG, 310" F-Cho JfE, 725N MCDD B TG 35 & U8 F-Cho 7 S OFET
B~ — D — DR N B DT (Tabled), ZHHORERIT, & MW TIRIANT 20159 2 IEE
FLHE C— A DD RAE & X ORE R Ch o7z, —i%lc, HFD #F#Et7 L Tlid, k& &
NAFLD & RIS TG OBNA 3 &2 32 L8 bh 05 @, L, IRERS LT X
o, &0 ERROBSABRETHS 2 L bIEHS TN Y, 2iudz, 4 B HFD 6
7 v MZBWTE, IFERBEFIECIIESRWET L ThD EEX LD, 4 HED MCDD b F
FIHE TG 2METF Lz, 20 Z 130 < S0 DBERE K< —Bd 255 TH 525, MCDD B X B i
5 TG OIE FOMFIZARATH D 7,

7 v h~® 4 O HFD $ X0 MCDD #EHiX, Wi bFkickiT 5 TG BE2BEINSHE, FHT
MCDD BEZH1) 2 ISR TS T~ 7= (Fig. 2), Z415® HFD 3 XU MCDD BEOIF# 5 2
IEMEREORLE DT, Oil Red O 36 X UNHE Y8123\ T b REEICERD v, $#2 MCDD BT
KA ORHE Co 5 I —= 0 7 OIURD B Ch o7 (Fig. 1), HEHEE~— 7 —Th 2 MiE
AST 35 LUV ALT J2EE 2 5~/ 9, MCDD BECTOAMEE AST 35 L O ALT JEEEOEINHFED Sy
Z &hv5, MCDD BEZIS 2 A CIIAE/ ARk 5 0 . HFD BECIXZRMRWIREETH D Z &
DR ST (Table4), =@ MCDD BEZIST D #AfEEIL Azan—Mallory %4412 X > C MCDD #£Z
B TOARNFHBEOBE 7 bG8 b Z L IC K W BT b (Fig. 1D, ZHHOFEREND,
4 380> HFD A T5E /AR S 2 b 22 W BN O SR X 2 5MiTE7T /L (NAFL 7 /1) BLO
4 JAfE > MCDD IR OZRE & kIR L2 45 LIZRiEE /L (NASH £5V) L0z 550
&l ST,
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BTHEN NME

ARFETIL, HlAEYTH S 4 M OT » h~0 HFD {813 L O MCDD f&£HiC L v NAFL &
TV L OVNASH 7 /L ORI ERL A5 7 7=,

43BEDZ » v~ HFD BT, Il o TG BO8mz <, IFiiko Oil Red O Yt T
CD#EE7 v F LY b et =727, HE QLo Tl L—=71372<, MCDD #££§7 » b
0 BPSVEEICE E > T, ZOZEnb, 4BEOT v s~ HFD fEEHT, o8
JEMIF (NAFL) 2#&KBLL CWHHDEE X bilz, £, MH#EEG~— I —Th 2 AST B LW
ALT B, 72 5 ONTHAHELOFHIZ BAY & L7z Azan—Mallory Jefall i\ I B2 L AR 72>
o2 emb, RIEMRRGR LOBHEHLIZE L T RN b D LB 2 i,

4 DT v b~ MCDD T3, FFfCHT % TG BOBEE/HNE D, TRk Oil Red
O Y&taC HFD #8575 v b k0 i feta S, HE BB TIRIEHOR Ch 28572 U1
—= UEER SN, 5T, MEAST 3L ONALT JEEAMEN L, Azan—Mallory et TREHE( LS
BRI Z L, MCDD #6157 » ME, JEIERICINZ T, RIED B4 U HHHEE L) TR S
TR, RIE/MLRHES R L ORI b7 OB PRYRED D & MZEIT 5 NASH IZHEL L T
5T LRSI,

LLEX Y | B TH 5 4 BHDOT v b~ HFD 8%, 9/ MRS 2t e\ Hifbi:
B (NAFL) ZERSESZ L, BLO4EM DT » b~ MCDD 20X, E/ MR A1 5
RIilF9e (NASH) %2 TER S5 Z LAVRIR S LTz, 6> T, ARFFETIE, HFD #£ds JOYMCDD #£4,

ZTNZEINAFL E7 VB X NASH €70 L LT, ZIHDET VELFEOMTRICME LTz,
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%33 NAFL BLIUNASH =5/UZEITS CYP S FREOREBREBOMENT

1 F

CYP i3, SRS MBS ) FEAFMRHIERE TH Y | ERLAHOK 75% 515
19 OYP 12 & o Tl S5 ST, AEARNICE S S ESE R OHRIOIRECTE M I A5
THRYE, ERBOAMRRLEMTBO TERERGEEIZ R 2 L b, ZORB/IFEOESI 2] 5
WCT D EiE, ERIIRRORE) 25 ECEECH D, IHE, AR ER O -
BIREO LB OV TIEZ < DIFRAMRE S TS 2 LisL7e23s, NAFLD, 2 NAFL (2331F
BIHHEL BN BT 5 AR 22 < %% NAFLD OffERIC £ % CYP 4y TREFEH/ I M 258
IZ# H LT NAFL 3 XL UNNASH (2351F % CYP 43 FREODFEEL/ T4 [RIRA M L= L b 2
L 2730 S50z, SRR 72 BRI/ IS AT B 7 A A RIRA VR U, WEREMEREIITSS & OV
IAITFAIC 50T D1 CYP 43 1R RBAS B % MBREAON FURT LIZBFZEIE RN 7 H 7w,

b MIZBITD CYP 4L 57 FEfAEL., ZDOBEFIOFHEMEZESNT 18 77 I U —FB LT 43
Y777 I Y=y EENS Y, ZREDCYP 773 U—09 5, CYP 1. 2BL3D3H5D7 7
U =R O SN B ESRHOK 80%DRENCELE LT3 ®, 7220 Th . CYP1A2, 2A6, 2B6,
2C8, 2C9, 2C19, 2D6, 2E1, 3A4 LN 3A5 1T, FRCERLAHZ S5O 2EA 2 ED (Fig. 3)
W F7. CYP4 77 3 U—id, ERSARHICHBT 2 EHIRE D20 600, NAFLD OffEE &
OMEIR L A B ) O b B ISR O & il 2 0, 2 2 TAETIE, 7 v b NAFL 35X 0'NASH
EF TS CYP ST REORBEBOEREZH LT D2 L2 BINE LT, SMRE~DF 5
D CYPL, 2, 3 36 JUSEMMENIINA TR 8532 CYP4A 77 7 I U —IZEH L
77

CYP2Elypo o
CYP2A63%, 500

Fig.3 Fraction of clinically used drugs metabolized by P450 isoforms.
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CYP iEt MPAMT S, D DREY), BN D E TEL DEMITIFE L, E OB R
BUCIHAE, B, M ERRb b5 P, CYPL A 4077 I —ET 5 b, v 7ABE
07 v bOEZ: CYP 4% Table 5 (273, AETIE, CYPL, 2, 3BXM4 D77 IV —orf
5 FREHS LONREMEN RO 277 » k CYP 43 7fiE LT CYP1A1L, 1A2, 2B1, 2C6.
2C11, 2D1, 2D2, 2E1, 3A1 5L V4A1 #HY EiF, 24560 mRNA L)L % fE &) real-time PCR
(CTCRH L7, S 612, BURPROWEE 2R L1 (CYP1AL, 1A2, 2C6, 2D1, 3A1 5L TUM4A1)
DH R GBI~ % Western blotting (& CHldRE L 7=,

Table 5 CYP enzymes of the major drug—metabolising CYP family in human, mouse and rat.
Family | Subfamily Human Mouse Rat
A 1A1, 1A2 lal, 1a2 1A1, 1A2
CYP1
B 1B1 1b1 1B1
A 2A6, 2A7, 2A13 a4, 2a5, 2212, 2a22 | 2A1, 2A2, 2A3
B 9B6, 2B7 2h9, 2b10 9B1, 2B2, 2B3
2c29, 2c37, 2c38, 2¢39, | 2C6, 2C7*, 2C11%,
C 2C8, 2C9, 2C18,2C19 | 2c40, 2c44, 2¢50, 2c54, | 2C12*, 2C13*, 2022,
CYP2 2c55 2023
2d9, 2d10, 2d11, 2d12,
D 916, 2D7, 2D8 2d13, 2422, 2426, ggé’ ggfézm, 2D4,
2d34, 2440 ’
E 9E1 %e1 9F1
3all, 3a13, 3al6, 3AT1, 3A2%, 3A9%,
CYP3 A BA4, A5, 3AT, BA43 | 5 95" 5141 3ad4 3A18%, 3A23, 3A62
* *
CYP4 A AAT1,4A22 1212;43123 »4a12D%, 1 A1 A9, 4A3, 4A8

*gender differences
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#2fi NAFL BEXONASH 5 /MIEIT5 CYP 4 FED mRNA BLX O Z L0
FEIREE DFRMT

2—1 CYP1A %777 XV —43 FROREBEBOMHT

CYPIA #7772 U—iZ, b hBIVT v MIBWT CYPIAL & CP1A2 O 2 SO5yFHENFLE
L. BEbETy MEICEITST X BEAIOARRMEE 80%L0 L2 E %, CYP1AL & CYP1A2 7 3
J WEBCBIAEL LT 578, ST MO 72 5, CYPIAL 13, FFCORBLRII 724
B it B, R LR R ST DM T S %, BE LTV dE LR E DS
B EIGRALKEONREH LORENEMKIZR 5T 523, Xexvay, VAT /o=t hInrm
L7 E DESRGHIC HBIbo T3 © % 5 CYP1A2 13X, ECHFICHBLIL . a7 I V.
EEHE= S ofbAl, EEREXT IVHE, = b YT I U A a bR UR EOSNRME RS, —
A b r Dk S RNREWEORE 7 SRR 7 = A | R LR
IV =) EmHREE =41 7 (Therapeutic drug monitoring; TDM) *fRIEFKML TH H5E X
YRR AT ¢ ) VB LOWURSMFEE s 0 L7 EOMEBNCBIE LTl %, Bk LB R 0
RAOK) 4%ICBIET 2 Z L pmbn g P, 22¢, T b NAFL 3L 0 NASH €7 /LT 5
CYP1A1 B LV 1A2 D¥EE (mRNA BXOZ V7B % Hilda Lz,

CD. HFD, %7-i% MCDD #% 4EMHEEIL7=T v RO 7 vy —AZEIF 5 CYPIAImRNA &
AT A5, CYPIAImRNA 3, HFD ¥ (NAFL &5 /L) TIIZL L7227 7-Di2x LT, MCDD
B (NASH &5 /1) IZBWCEEEICHM L7 (Fig.4), £7-. CYP1Al # L _7E& b -k TH-
7= (Fig.5), ZN oD D, CYP1AL RBHLEIX NAFLD OWEIZ RO TIZ b3, i Eknme

(RIESCHAHBESIREE) IRV THINT 2 2 &2V RS-, ZhE Tz, CYP1AL O%BLE &R
BiA 7 B—ARAN~ D AFBLOT v MFIEET MO TEE LN 2 L5 ShTng 7,
DO EMBHEET S L 4 R0 HFD £ NAFL &5 L ORIEEEE A 7 0 — 2 BAfi~ v A
ST S LinZevy, —J5, MCDD 28F NASH €7 /Ucisi7 5 CYP1AL FELEILT v M E
TAOZENETEEM U (Fig. 4,5), ZOZ &1 4 R0 MCDD £ NASH €7 /L O3 s
IINZE THEA TN & B LOHEZERTA 7T — Y OFIZE T CYP1AL OFBLIMEINT DR &
L AMREME 2 e LT D,

CD. HFD, %72/% MCDD % 4 HAFHEEEL7=T » FOIFI 7 1 Y —AIZEK1T 5 CYPIAZmRNA &
I%. CD BE& s L C NAFL 7 /W23 T 1.4 528 L, NASH €7 /Ui CD £ 0.3 512 F Tk
YLz (Fig.4), 26D mRNA EOEENLZ 7RO EFEETH -7 (Fig.5), CYP1A2
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FERIZOWTIE, T v MFFEEF A0 MOfFRE (T2, HCC, CHUTA2Y) (2B TR
T2 2 AT THE STk P ST D CYP1A2 ORBLEITITAE RS
NAFLD (23 THD T 5 & 0 LAAE ST 5, BRI = & 12, HFD #84] NAFL 7 /L (HFD £f)
123UV CYP1A2 O%HIE CD BEL v b L(Fig. 4, 5). MCDD {845 NASH &7 /L Cldific,
CYP1A2 DFBIEIT CD BEL Y $3% L < L7=(Fig. 4, 5, MCDD # (NASH £51) (2HF5
CYPIA2 OFBUL 1L, hEToMs L —H LTz ™, NAFL 7 /1230 T CYP1A2 D%
N2 & OHEITR <, AFRICENTHIO TURB SN, T OFATIFEE OZERIT, AWF%ET
ERI X 72 NAFL €7 VO 5 DBERO NAFL T 7 /L X 0 & FFREOAIRESE (R AR OBEE( AT
WHTVRIEZ R L T D Z LI D b0t Lty

CYP1A1 CYP1A2
2.0

Y
o

*

mMRNA levels
5
—

*

e W2 i

CD HFD MCDD CD HFD MCDD

Relative CYP1A1/B-Actin
MRNA levels
o
*
Relative CYP1A2/3-Actin

Fig.4 Changes in mRNA levels of CYP 1A1 and 1A2in the livers of rats fed with CD, HFD, or
MCDD for 4 weeks.

After feeding the rats with CD, HFD, or MCDD for 4 weeks, they were sacrificed, total RNA was
extracted from the CD-, HFD-, or MCDD-fed rat livers, and the mRNA expression levels of CYP1A1
and 1A2 were measured using quantitative PCR. Relative mRNA levels were determined after
normalization with B-actin. Data are represented as mean + standard deviation (SD), n = 6 in each
group. *p < 0.05 vs. control.
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(A)

CYP1A1 - W & e See o -~

CD HFD MCDD

(B)

CYP1A1 CYP1A2
3.0 3.0

0 iio )

CD HFD MCDD CD HFD MCDD

N
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o

—
o
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Relative CYP1A1/B-Actin
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Fig.5 Changes in expression levels of CYP 1A1 and 1A2 in the livers of rats fed with CD, HFD, or
MCDD for 4 weeks.

After feeding the rats CD, HFD, or MCDD for 4 weeks, the rats were sacrificed, and liver microsomes
were prepared from CD-, HFD-, or MCDD-fed rat livers. The protein levels of CYP 1A1 and 1A2 in
rat liver microsomes were measured using western blot analysis. (A) Typical image obtained via
blotting. (B) Relative protein expression was determined after normalization with B-actin. Data are
represented as mean + standard deviation (SD), n = 6 in each group. *p < 0.05 vs. control.

2—2 CYP2B¥77 7 IV —45 FREDFEBEB O

b MZBWT, CYP2B 777 2 U —ix CYP2B6 3L 1* 2BT @ 2 D4 THENEET B A5,
CYP2B7 [ INEMERMABL - CTh 5D, & b CYP2B6 1347, ZDRELEITENT CYP &D 1%AH &/
72 HORHA~OFEEIRNE B X LTz, L LZDO%, CYP2B6 DT CYP &2 59
HEGD 2~10%THH Z ENHHL, FiRAKL 78753 A7 7 IR, A 7+ A7 7 I K, XEFXV
T RS T B A, R F YT A 7 aTF T A TDM MRERSL TH HHLTAMAS L
Tagin Eagie 3—12%DEELMAFHNCHEG T2 2 LAVRERIN TR Y . EEMMEHIIRIT D
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CYP2B6 DEENEAE S Bk ST 5 ™, T Mo Tit, CYP2BI, 2B2 5KL002B3 0 3 S0
SYFRENIAEL, 2095, CYP2B1 5L 2B2 1%, & F CYP2B6 & #9 T5%DOMFMEAREF L T D
MO 2 OfEEEL, CYP2B1 O ANLAMNCEN &SR TND

INETIC, b b CYPZB6 OB L OV, IHRBOFZELZZTIZ W E R E STV P

™ ¥7-. HFD #%7 ~ k NAFL €514 L 0 MCDD #% 7 » ~ NASH 5 /1c#1) %5 CYP2B1
(b~ CYP2B6 (2hi) »| filis 2 7 o —2 b~ 7 2 NAFL 7 /UIHT % Cp2b10 (& -
CYP2B6\ZHi1X4) *. b | NAFL 3 L O NASH EEOIFHERICIT 5 CYP2B6 » OREIAE T
DIFFEDM T TNDH, —B LIRS O TV, £2C, 7 v b NAFL B8XO'NASH €7
JZEITDH CYP2BI (b  CYP2B6I2HAEY) mRNA L-~L% Hlgshad L7z,

CD, HFD, %7-/3 MCDD % 4 HIHEEIL7-F v hOIFI 7 v Y — A2k %5 CYP2BImRNA &
ERATRER. CYP2BImRNA &ix, MCDD # (NASH £7 /L) ([ZHBW TR R A 27 L7223,
HFD # (NAFL £ /V) BXOMCDD # (NASH £5/1) OWTHIUCBWTHAERZMTERD S
Niainot- (Fig. 6), ZOZ LiE, b b CYP2B6 OFI/EMNNPREOEELZ T W xR ™

P BT bOTHoT,

CYP2B1

g
o

1.0

Relative CYP2B1/B-Actin
mRNA levels

CD HFD MCDD

Fig.6 Changes in mRNA levels of CYP 2B1in the livers of rats fed with CD, HFD, or MCDD for 4

weeks.

After feeding the rats with CD, HFD, or MCDD for 4 weeks, they were sacrificed, total RNA was
extracted from the CD-, HFD-, or MCDD-fed rat livers, and the mRNA expression levels of CYP 2B1
were measured using quantitative PCR. Relative mRNA levels were determined after normalization
with B-actin. Data are represented as mean + standard deviation (SD), n = 6 in each group. *p < 0.05

vs. control.
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2—3 CYP2C %77 7 X U —43 FRDOREBEB DT

bk CYP2C #7777 2 U—iZi%, CYP2CS, 2C9, 2C18, FL 1V 2C19 D 4 D41 FEIFIE L,
SNBSS TRETE MAITE RO 20%% 5025 ¥, 2055, CYP2CO IR b < RBIL, &5
(2, CYP3A4 (Zft\ T 2 FHIZE < OEEGORBNEAET 2 Z L6, b MEMREITEIC IS Ty
CEEASTHETHS 7™, Ty MoBOTIEL, CYP2C6, 2C7, 2C11, 2C12, 2C13, 2022 BL 10
2C23 O 7 OD5 RN FAE L, CYP2CT 33 L OV 2C12 M CEALIZEILT 2 Dloxkt L <, CYP2C11 33
LN 2C13 13T » b CEALCHHT 5, CYP2CLL (X, HET v MTCBIT 2 EERS T, T b
I CYP &5 0 50%% i | HfEfic b b CYP2C9 I35 ™, F7-. T b CYP2C6 I,
AT & N CHELL, & b CYP2CO ITHIE T2 FRETH D L E 2 b T %, F7- CYP2022
X HFICRBL L. CYP2C23 133 B CReE T % ©,

ZIET, IRERO CYP2C OFBLR L ONEEOEBNC T 28R ENRH 5, T70bH, & b
CYP2C19 OFELES K OVEIEIE, JFIIZE, HCC, CRUFZ7e ¥ OISO A F o3\ 278
RO, & b CYP2C9 ORHLES LONEMEE, FFRBOEEZ I\ P> % NAFLD 8ipe7 1
WA TIE, A LA Uiz 3 AR L7z NAFL £7 V7 » MZEBWT CYP2C11 DX 2y
BREL~LN L= 2, —J5, Blllid A 7 o — 2 i~ 7 AT, Cp2e29 (e b CYP2CIIT
FHY4) mRNA B2 L2, 512, v MBEO~Y A NASH EFLClE, 7 v b 2C11 BEY
< 2 Cyp2e29 DFHL~VULnHb Lz ™8 & | NAFLD B2 %4 & LB T, NAFL £k
O'NASH #1280 T CYP2C19 OF8LEF JOVEMIME T L7225, NASH ##1231F 5 CYP2C9 @
FEERIIA LA FROTIEEIHIN L= P, b0 % % L % & NAFLD il F ¢ CYP2C 0%
s LONEHEOZENCE L T B LML T O, & MBI UEMET MCET DIFHRED
HEATEEDEOPE L TWDH LD LHEESILD, £Z T, 7 v h NAFL B X O'NASH €7 /UZEIT 5
CYP2C6 1 X1 2C11 (Wbt b CYP2C912A1Y) mRNA &% et L7,

CD, HFD, %7213 MCDD #% 4 HEHEIL7=F v hORFI 7 v Y —AlZkid % CYP206 HE 1V
2C11 mRNA BZ 7R, CYP206#5 LU 2011 mRNA &%, CD #f & i LC HFD #f (NAFL
T ICBWTUEE A EZEL LD - T225, MCDD £ (NASH €5 V) ICBWCAHEICHED LT (Fig.
7. & 52, MCDD # (NASH E51) (28175 CYP2C %77 7 I U —® mRNA LA~ULA3, # 2o%
I BEFRBLL SV SN D I EDE MR T 572012, CYP2C6 % /X7 B BL L~ L% Western
blotting & TR L7z & = A, mRNA OZH) & FEREOZEZ /R L7- (Fig. 8), ZH 50D NASH £
TIUZEIT S CYP2C6 35 L1 2C11 ORBULTIL, BE#RO NASH €7 /L CHELATHND & —F LT

—_ 84)

o
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Fig.7  Changes in mRNA levels of CYP 2C6and 2C11 in the livers of rats fed with CD, HFD, or
MCDD for 4 weeks.

After feeding the rats with CD, HFD, or MCDD for 4 weeks, they were sacrificed, total RNA was
extracted from the CD-, HFD-, or MCDD-fed rat livers, and the mRNA expression levels of CYP 2C6
and 2C11 were measured using quantitative PCR. Relative mRNA levels were determined after
normalization with B-actin. Data are represented as mean + standard deviation (SD), n = 6 in each
group. *p < 0.05 vs. control.
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Fig. 8 Changes in expression levels of CYP 2C6 in the livers of rats fed with CD, HFD, or MCDD
for 4 weeks.

After feeding the rats CD, HFD, or MCDD for 4 weeks, the rats were sacrificed, and liver microsomes
were prepared from CD-, HFD-, or MCDD-fed rat livers. The protein levels of CYP 2C6 in rat liver
microsomes were measured using western blot analysis. (A) Typical image obtained via blotting. (B)
Relative protein expression was determined after normalization with B-actin. Data are represented
as mean + standard deviation (SD), n = 6 in each group. *p < 0.05 vs. control.
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5 FREDBE CIHE T L7z, BEEORE CHIBLERD -1 %, EIENEA 2 n— Ak E AL
7=~ A NAFL £ /U135 Cyp 2d22 (b CYP2DEIHY) mRNA 32k Ligmoi=mt %,
MCD %% oblob ~ 7 A2 NASH E£7 /MZEBWTiE Cyp2d22 OFRBENE T2 Z & A3l S Tnbd
. CYP2D6 13, BN CIERIC T/ E % B LT B bBH 5T, NAFLD IoH1)
% CYP2D ORBUEBICEIT 2L, b Tz L ®, Iy FOEIRSZLA, Z2T, T b
NAFL £ X O'NASH £5/UcHIT 5 CYP2DI (b ~ CYP2DEITHS) mRNA F35 L0 v Mok
TIEEIFAAET D CYP2ZD2mRNA B4 Hellehiat L=,

CD. HFD, %7z/Z MCDD % 4 BEEHBEEL7=7 v FOFI 7 vy —AZET5 CYP2D1 BI W
2D2mRNA BEEFR~AER, CYP2D1 8 X0 2D2mRNA &%, CD L b LT HFD B¢ (NAFL &
T AZBWTUEE A EZBE Lah o 7273, MCDD ## (NASH =5 /L) ([ZBWCAHREICHED L= (Fig.
9), 512, Westernblotting (2L ¥, CYP2D1 # L /R 7 L~ ilghat L7- & Z A, mRNA OZ8
B RO B % 7 Lz (Fig 10), SH B0, Frye 5% b MFRBEH OS5 RIED
HE ORI L TR Y | IS 2 oMl 2 URilictEte & CYP2D 4777 2 Y
— Sy FREOFI R T % AR ZRe LT B,
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Fig. 9 Changes in mRNA levels of CYP 2D1 and 2D2 in the livers of rats fed with CD, HFD, or
MCDD for 4 weeks.

After feeding the rats with CD, HFD, or MCDD for 4 weeks, they were sacrificed, total RNA was
extracted from the CD-, HFD-, or MCDD-fed rat livers, and the mRNA expression levels of CYP 2D1
and 2D2 were measured using quantitative PCR. Relative mRNA levels were determined after
normalization with B-actin. Data are represented as mean + standard deviation (SD), n = 6 in each
group. *p < 0.05 vs. control.
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Fig.10 Changes in expression levels of CYP 2D1 in the livers of rats fed with CD, HFD, or MCDD
for 4 weeks.

After feeding the rats CD, HFD, or MCDD for 4 weeks, the rats were sacrificed, and liver microsomes
were prepared from CD-, HFD-, or MCDD-fed rat livers. The protein levels of CYP 2D1 in rat liver
microsomes were measured using western blot analysis. (A) Typical image obtained via blotting. (B)
Relative protein expression was determined after normalization with B-actin. Data are represented
as mean + standard deviation (SD), n = 6 in each group. *p < 0.05 vs. control.
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YRR T ERT—H T, Ty FBLOE b CIng =T %, LnLans, SEo%< it
NAFLD Ofifins AW, 7213 NASH (235 H L7RI%ECd v . NAFL (ZBI3 2851370 27, E 7=,
NAFL & NASH % [FFHC B LIS, & R %% Lz Fisher & 2% Aljomah & % |
Varela & * OHELISMZR Y7 5720y, 22 C, 7 v b NAFL 3 L O'NASH €7 /U135 CYP2E]
mRNA % Hlehiat L7,

CD. HFD. 721X MCDD # 4 EMHEEEL7=7 v DI 7 v Y —AIZEB1F % CYP2EI mRNA &
ERTz, TORER, CYPZEImRNA i3, CD & i LT HFD #f (NAFL €7 /1) 1T\ TliEe
A EBAL Lo 7275, MCDD £ (NASH £5L) ICBWTHEICHD Lz (Fig. 11), 20 &1,
CYP2E1 73 ROS Az L BMe{bA b LA &k MlafEa s st OV L L —RpEd5
1% 573, NAFL 75 NASH ~EET 2226 Tid CYP2EL A HFEL TR Y .
I 0 RIE LS ENET L, T OMBEE AT — P TlL CYP2E1 BEMEF L7 Z L 2R LT HOD
Mb LIV, L LARS, ZORBYE FOBBICSWCIAAOEETHD, $/2. 2O LR
1178 NASH (IZHEIT9° % &, =4 7 —VREBERE LR F L, BB L D= ) — L3R & 5 I E
HARENEN D D = L BN 5 b D Th D,
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Fig. 11 Changes in mRNA levels of CYP 2E1 in the livers of rats fed with CD, HFD, or MCDD for
4 weeks.

After feeding the rats with CD, HFD, or MCDD for 4 weeks, they were sacrificed, total RNA was
extracted from the CD-, HFD-, or MCDD-fed rat livers, and the mRNA expression levels of CYP2E1
were measured using quantitative PCR. Relative mRNA levels were determined after normalization
with B-actin. Data are represented as mean + standard deviation (SD), n = 6 in each group. *p < 0.05
vs. control.
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FEHEMEAME T2 10799 a8 BIgepkE sk L2ew ¥, 72, NAFLD 285175 CYP3A 4
777 U —OFBIEEL, WS O0FERH D H DD, NAFLD OFRHHERIZ L 0325595 Th
%2 22 5y k NAFL 3L UNASH 57 /UC317 5 CYP3AL (& k CYP3A4 [ZF%) o
SO A LHRRT LT,
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AT, TORE, CYP3AImRNA &%, CD fE& it LT HFD fif (NAFLE7/V) (ZR\ClEe
A EZEE Lo 7273, MCDD #f (NASH €7 /L) IZBWTHE R Lz (Fig. 12), & 512, CYP3A1
D& Ry BB E % Western blotting (& THIEHRRT L7 & 2 A, mRNA OLH) & [FtkOz# 278 L
7= (Fig. 13), T ORERIE, CYP3A1 OIEBINIE/ MRS A 1E 5 BRI (NASH) (1238 TiK
TT52L2m2L TRy, Zo5EE, 7y MIEZR XU MFEZL, HCC, BAUTR, CHAITZ%
LIAEECH -T2, CYP3A4 [EEAR CTHEA STV B IEEGLD 50%D#EHIZEh- T\ b, Zhdx,
NASH. i< JHfZEds L OV EOBERETFREIZIRBWTERG D CYP3A4 (EAFEARGEMET

U, MARZECARED FEHRBEZ 009 < 725 AIRetEn% 2 b,

CYP3A1

2.0

*
0 man |
CD HFD MCDD

Relative CYP3A1/B-Actin
mRNA levels
o
_|

Fig. 12 Changes in mRNA levels of CYP 841 in the livers of rats fed with CD, HFD, or MCDD for

4 weeks.

After feeding the rats with CD, HFD, or MCDD for 4 weeks, they were sacrificed, total RNA was
extracted from the CD-, HFD-, or MCDD-fed rat livers, and the mRNA expression levels of CYP 341
were measured using quantitative PCR. Relative mRNA levels were determined after normalization
with B-actin. Data are represented as mean + standard deviation (SD), n = 6 in each group. *p < 0.05

vs. control.
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Fig. 13 Changes in expression levels of CYP 3A1 in the livers of rats fed with CD, HFD, or MCDD
for 4 weeks.

After feeding the rats CD, HFD, or MCDD for 4 weeks, the rats were sacrificed, and liver microsomes
were prepared from CD-, HFD-, or MCDD-fed rat livers. The protein levels of CYP 3A1 in rat liver
microsomes were measured using western blot analysis. (A) Typical image obtained via blotting. (B)
Relative protein expression was determined after normalization with B-actin. Data are represented
as mean = standard deviation (SD), n = 6 in each group. *p < 0.05 vs. control.
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4A2, 4A3 BLV4A8 D 4 SOy TFENH V., Z D955, CYP4AL, 4A2 LN 4A3 1%, ARAAERDIR
A2 b7 100,

CYP4A 77 7 3 U —I3REO RS A AT 2 = & 755, NAFLD OfFfE ks L OMERIZ B0
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77 ) —0FBIEMEL, HFD Aff~ 7 2 (NAFL E51) | db/db ~ % % (NAFL %£7/1) . MCDD
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2T, ABIZEICIWTHERL L 72 NAFL 35 L OYNASH E7 /U T & A TIFSE & ERE D28 43 5 />
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GERRTT 5 Z L2 HRYE LT, NAFL 5 L O'NASH £5 /UCEIT 5 CYP4AL OFEBLEZ Hldhat
L7z,

CD. HFD, %7 MCDD % 4 EHEEE L7=7 v NI 7 1Y —AZHi) 5 CYPLZAI mRNA &
% Fig. 14 12779, CYP4AI mRNA 1%, HFD #f (NAFL €7 /L) TIIZ(L Leh 72Dk LT,
MCDD # (NASH E7/V) IZBWTBHFICHM LT, 612, CYP4A1 OF LRV EHRBIL~ L%
Western blotting (Z CEH#RET L= & Z A, mRNA OZ&E) & RO E 2~k L= (Fig. 15), ZiLHD
ZEDG, AR S MCDD B (NASH E7 /1) 128\ ThH, BER & [FEC CYP4A1 OFBLEN
T2 Z & HER ST,
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Fig. 14 Changes in mRNA levels of CYP 4A11in the livers of rats fed with CD, HFD, or MCDD for
4 weeks.

After feeding the rats with CD, HFD, or MCDD for 4 weeks, they were sacrificed, total RNA was
extracted from the CD-, HFD-, or MCDD-fed rat livers, and the mRNA expression levels of CYP 4A1
measured using quantitative PCR. Relative mRNA levels were determined after normalization with
B-actin. Data are represented as mean + standard deviation (SD), n = 6 in each group. *p < 0.05 vs.
control.
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Fig. 15 Changes in expression levels of CYP 4A1 in the livers of rats fed with CD, HFD, or MCDD
for 4 weeks.

After feeding the rats CD, HFD, or MCDD for 4 weeks, the rats were sacrificed, and liver microsomes
were prepared from CD-, HFD-, or MCDD-fed rat livers. The protein levels of CYP 4A1 in rat liver
microsomes were measured using western blot analysis. (A) Typical image obtained via blotting. (B)
Relative protein expression was determined after normalization with B-actin. Data are represented
as mean = standard deviation (SD), n = 6 in each group. *p < 0.05 vs. control.
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Az TIE, NAFL BLUNASH £57/UZET5 CYP 0 FREDIBLDAER A 52N 57201,
HFD L0 MCDD 817 v M) 5 FE72 CYP 53 7D mRNA 5L v/ 7 EHBLL~L
Z CD E7 > b L L7,

% CYP 73 7HED mRNA L O L7 R BLL~UE, W7o CYP 2y FREICRE W T H —E L7
(Fig.4-15), HFD £ NAFL €5 /L ClZ, CYP1A2 OAFEHEOHMNA ST (Fig. 4, 5) —/7.
MCDD ##£F NASH €7 /L CiE, CYP1Al HBLTN 4A1 OFBLEIIHIINL7=DIZxf LT, CYP1A2,
2C6, 2C11, 2D1, 2D2, 2E1, 3LV 3A1 OFBIEIIE) L= (Fig. 4-15), Z¢ MCDD £ NASH
EBTMIETSH CYP1AL LIS CYP 43FFED I E 7213 T 76N, CARTO#ME D & o EFEIL
Tz 210019 w5 NASH 571G CYP4AL O%BL EFIE, HiET R 5 b OOLIFIOWE D
B LRI LTz 100109,

PERMND, B MBI D RIE/ ARG 211 5 RE TR, CYP 20 FREOFRHUK T K- THEMHRE
BMMETT 5B 0TS, LL, AT, KIEMARHEEZ LS NASH €7 /10N T
CYP1A1 B L V4A1 OB FHE S NT- (Fig. 4, 5, 14, 15), N E TOHFZET, NASH €7 /MBI
DI BRI LR FEZ IR DOIEH L~V UG U T CYPIAL FEEHASHE S NS Z &, 3L U HepGe Fifao
T A B SRR LA T 5 = L VRSN T0 S 1YY, K512, CYP1AL %85E, LPS 7%
kD NF-xB IEHLIZ & - TR &L, IikoBEs L ORI E 572 1, 72, & hBLO=
TAD CYP4A ¥7 77 IV —Id, IeieOKEe b, 1EMERERTEOAR, TRE#E, NFxB + 77
IVREERRE OTEMEAL 2 & DIIERZ755T 5 Z &1k 0  NAFL 7°6 NASH ~OETIZEEL T\ 5
AREMEA B D 11, fE5C, NASH E7/UCHT 5 CYPIAL 550 4A1 OFEE L~ L ORI,
HENGIHIZ 381 2 SRAE/HERHR GO A HEBE G- L TV D ATHEMEDNE 2 B LT,

BRI 212, CYP1A2 DFEHLL~LiE, NAFLD JRHIgI CTd 5 NAFL £7 /UZIBWTHINL
NAFLD #1785 NASH 7 /L Clidiilib L7z (Fig. 4,5), 2 NAFL 3 X U'NASH €7 /L CH
B 258 E L, CYPLA2 (RAFPMEDFMMRERE (GEME) 23, FTPRBIEIRD B VAT CRISEE) DR
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R LTV,

LLEDZ &3, b hOBATHRERCEZ 2 b0 L 4HET 5 &, TDM xR EHK 2 & CYP1A2 (K
TAEDFEYGEHRE (M) 23, B 31T 2 NENGE RIS A~ & iR D1 & SR TR+ 2 rTREMEDS
Bz bz, —Ji RIEFHEG T2 B2 5 T0W5 CYP1AL B8 L 1V4A1 @ NASH 7 /U
DRHFHEIE, NAFL 7°65 NASH ~O#RICBWCEHEEAREEZH U WA Lo LfERan, —h
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1Y LR r o L 72 B> TDM Ok b 72 2 oREc BG4 2 "1, 2o c, fiEc
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INZT BT, CYPLAZ IRAFIERIMEHEE At L7z,
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S—KELSUEA EE 2RSS TH Y . EIT CYPIA2 1Tk > THMES LT H 7 =1 8—/KIR{LAk

il
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Fig. 16 The metabolic pathways of caffeine.
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2—1 NAFL BXU'NASH 7 /MIBTHH 7 =4 ¥ 8-KERUIEHHIELEOMENL

Ty MFI 7Y —2IBFEH 7 =4 LRG0 s n~ 7T L% Fig. 17 \ORd, FKEIEET.
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OGFERE] 20 43 & CHEAMIZHEM L7 (Fig. 18B), ZNHOFERL D, B 7 =4 > 8K LRI
RIESIEE, 10mMNADPH, 1mM 7 =1 >3 KO0 1.6 mg protein/mL O 7 1V — A7,
SO A 20 3 & L. B S 7z 1,3, 7-Trimethyluric acid &4 E L. 1,3,7-Trimethyluric acid 4
REAEFI 7 0y —AH g mg 247- 0 @ CYP1A2 iHM: (nmol/min/mg protein) & L CaFAfi L 7=,

30
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Fig. 17 HPLC chromatogram of caffeine and 1,3,7-Trimethyluric acid formed with rat liver
microsomes in the presence of NADPH.
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Fig.18 Dependency of the amounts of microsome proteins on 1,3,7-Trimethyluric acid formed from
caffeine by rat liver microsomes.

(A)Dependency of the amounts of microsomes on 1,3,7-Trimethyluric acid formed from caffeine by
rat liver microsomes. (B) The time course of 1,3,7-Trimethyluric acid from caffeine in the presence of
NADPH.

2—2 NAFL B XU NASH E7/MZBiT % CYP1A2 FE Dtk
CD.HFD, %72/ MCDD % 4 WFHEEEL7=7 » FONFI 7 v Y —AIZHT 5 1,3,7-Trimethyluric
acid O/ERE (CYP1A2 1&ME) ZIE L7z, ZofE%, CYP1A2 &ML, CD AL kL C HFD #f
(NAFL €7 /V) IZBWTHEIZHEML, MCDD £ (NASH €7 /) TIFHEICED Lz (Fig. 19),
Z O NAFL 5 L O'NASH E7 /VRENICET 5 CYPIA2 IO SEHSHE, mRNA/ & o /37 GBI~
NOZENE L —83 5 Z LR Sz (Fig. 4, 5).
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Fig.19 Changesin CYP 1A2 activities in the livers of rats fed with CD, HFD, or MCDD for 4 weeks.
The caffeine 8-oxidase activities catalyzed by CYP1A2 in rat liver microsomes from CD-, HFD-, or
MCDD-fed rats were determined by measuring the formed 8-hydroxy caffeine using HPLC. Data are
represented as mean + standard deviation (SD), n = 6 in each group. *p < 0.05 vs. control.
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W, A Th, CYPIA2 ORE L5747 1 U BLUY nF e, TDM MRERRTHY |
(MRS < . CYP1A2 OFEL/TEMNEEIT2 Z LIk Y | IHPRZ(EARE DR TIC X
LHRIBIRED 2 o —) /LR R B N HARZ AR EE D EAAC & 5 EE AR m ek A SRS
DOHBLZS I ZE T2 LGS ND, 6> T, CYPIA2 IZ X W G SN A EHLD [SEYTERER O i
k) #5121k, NAFLD ORI L 5 CYP1A2 BB/ RO R EREHPET D Z 2 EL,
NAFL ¥ JO'NASH & 12517 % CYP1A2 OFMMEHIS L OSMEE DAL A2 Z L AWLEET
boHLEEZ BN,

7 v b NAFL E£7/UZET 5 CYP1A2 OREGHEIZIE, FHCFT 2NN - e ofsia
{b23, NASH 7 /UZH1T 5 CYP1A2 OFEUK FIZiL, JHZ 31T 2 K05/ ABkEE B 5 L Tnd b
DEHEIND, LU G, ABFFEICEV T NAFL 3 X O'NASH €7 /U 5 CYP1A2 OF8L
LAV SEEBRBD A 1 = 2 LEfRAT 5 E TITIE LR -T, 2070, Sk, filas L 0% 1
AIUTHRE Y NI 7T - IER LI TH D,

-36-



BaE /NS
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D Z Lid, NAFLD fi#lERICHE Y CYP1A2 OFEBLIEMEN AT 2 Z LIk 0 i hARZE kAR
BN KE S EB L, FAESNOIORIR, WEF L O EAEH OB O 1803 % ek 2R
L CD,

LLED X 51z, CYP1A2 OFEMEL~L3, 20 mRNA/ # > 787 BREL L R, IR BIEIRD B
LT RIAEERS) O IIE/FERkAEE D 72\ NAFL H CHig S, RIE/ARRHR SIS K OWHE L 21 5 NASH
HICIEFICEFRITF LY BIRT T2 2 LD THLMNERoTe, - T, MR OSE ] 245
72H1Z1E, NAFL L0 NASH AT 25k L OB O LB T 5 Z L AV
SNz, O NASH E7/EICIIT 5 CYP1A2 OFEL/IEMEDSERBIZITIE, RIAE/FRFE SR L O
HALOHENBER L T D b LR SN,
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# 5% NASH E7/UZEBIT S CYP4AL IKFEEISIEER o /KB LRI DTIHE

B1E FF

BREDMRBHRSIIE, 2 hay FY TBIU AR Y —ACBT AP L NC I 7 Y —
LB D o LD 3 SORENSH D, BH. TEALEOIRMEAILI o NV 7B 5p#kic
Lo TSNS, IRIEOUSAISEBRIC /5 & o BYEASTTET S MY, IRimranc i+ %<
@ CYP 23, REMIERDIKFHHNTS (0-1, 02, 0—3) DOKE{bAMIEST DIk LT, CYPAA Y77 7
TV —3FEE LTUBIED o KEEROSZMEEL, & F CYP4A11 137 7 Y U iEZIT L &3 2 hiH
REMIED o KEELIHEMEASE N Z EARBI TS P, 5 R CHE, CYP4AL, 4A2, 4A3 ® 3 50 CYP
TA YT F—RRNT Y LD o KA 273, 7277 Ch CYP4AL ORMEEIEN B b v ',
7y bBIFL 7Y UrORERE AL Fig. 20 (TR,
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Fig. 20 Hydroxylation of Lauric acid by CYPs in rat.
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NAFLD OFFREFE RO — Kz i = & V6T 5 119, NAFLD T, IENEEIC & 5 s &
O by BY FHEERRIC X DRI o BLREEOTEMAEASEE = 2 1%, ooz Lt IBER7R
ROS DA TH % CYPAA 477 7 3 U —23, NAFLD OFHERHER B A E 2 - LTV 5 S
O LRI TS 1, ERC, Zhang B Y 1, CYP4A14 % iBRIFEL X7 C5TBL6 ~ 7 R(2H5
WIS SN = & . HFD Z4BATSH7- CYP4AL4 85 70048~ 7 2 OFFII- B TR
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INHDOZ ENG, CYPLA 77 7 I U —3ENIITORREHE IR Tdh 2 NASH JERIZIS T D RIE
FIECHGTDHHOLHEESN TS,

ATEEIZ T, CYP4A1 OFRFEILHLII O NAFL &5 /L Cl3Zb7e < JRERR <% 5 NASH
T MIBNTE LIENT S 2 L a28H7- (B 3 %54 2 i 2-7, Fig. 14,15), £ ZC, NAFL LW
NASH E7/MZET 5 CYP4A1 HEZEE) L IEHEEBIORR A SN T D720, Ty MFIrzmrY
—AIZBIT D CYP4AL A T 7 U D 12— KUK (o KERMEAE) THD 12-t FrFT0 Y
V& (12-Hydroxylauric acid ; 12-OHLA) OAREZIEEE L CRIKkZ a~ NI 7 4 —52 07 N8
B34 (Liquid Chromatography/Tandem Mass Spectrometry; LC/MS/MS) |2 CE&HIZEHM L 7=,
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NEIB.4 57, 5.5 B IOES ikt shie (Fig 21A), F7-. TOMREHE o1 KBRS LY o
IKEAUSOE A BACHEST LT (Fig. 21D), 6> T, CYP4A1 IHMET o KEB(LIEME (12-OHLA A ks
PRREL UGG L=, WIS, 7> MFI 70 Yy —AZBiT57 7 U U o KEEIEEORRZ R X
OFFR 7 1 Y — DR BRI DUV Tt L7z, ZORER, ANEHIIRE 7 v ) V8 (25 pM)B &
INADPH (1 mM) 7#(£ F. FUSHHE 543, BT 2 7Y — 2 0.4 mg protein/mL & TREARANIIEIN L 7=
(Fig. 22A,22B), ZHLHDOFEREY | PBEOFERRIZIBNT, 70U U8 o KEREIEHEESIHE, 1 mM
NADPH, 25 uM 7 U > 5 X T8 0.4 mg protein/mL OFF X 7 v Y —AIAFE R, USRI Z 5 4y &
L. &Sz 12-OHLA &2 HE L, 12-OHLA A£EEZFI 7 v Y —ALH 378 mg H¥7-0 D
CYP4A1 iEME (nmol/min/mg protein) & L CaHii L7=,
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Fig. 21  In vitro metabolism of lauric acid by rat liver microsomes.

(A) Chromatograms of lauric acid metabolites formed by rat liver microsomes. (B) Product ion
spectrum of 11-OH LA. (C) Product ion spectrum of 12-OH LA. (D) Amounts of 11-Hydroxylauric acid
and 12-Hydroxylauric acid formed by rat liver microsomes. Data are presented as mean + standard
deviation (SD), n = 6 in each group. *p» < 0.05 vs. control.

-41-



(A) B)

3.0 40
: —_
B E 8.% 30
ES 20 | ES
AN = g
SE ﬂg 20
Lo %%
2;6 1.0 + C{IE 10 F
'\—E =~
5 L
0 ) . 0 1 L 1
0 0.2 0.4 0.6 0 1 20 30 40

Microsomes Time (min)

(mg protein/200 mL)
Fig. 22 Dependency of the amounts of microsome proteins and time course on 12-Hydroxylauric
acid formed from lauric acid by rat liver microsomes.
(A) Dependency of the amounts of microsomes on 12-Hydroxylauric acid formed from lauric acid by

rat liver microsomes. (B) The time course of 12-Hydroxylauric acid from lauric acid in the presence of
NADPH.

2—2 NAFL 8 X U'NASH E7/UZE1T 5 CYP4AL HEMD Lkt
CD, HFD, %721 MCDD #%* 4 #HFHEEEL7=7 v FOIFI 7 v Y —AIZEIT 5 12-OH LA AiliE
(CYP4A1 i&ME) ZRIE Lz, ZOfER, CYP4A1 IHMIE, CD #E L bz L ¢ MCDD #f (NASH &
TV IZEBNWT 24 2 EH- L7273, HFD B (NASH ©5 /L) T2 HivZan-7- (Fig. 23),
Z D NAFL 5 L O'NASH £7 /WVHZET 5 CYP4AL IEMEDOEFN L, mRNA/ ¥ L /R EIEL L~ D
ZE) LAk ChH -7 (Fig. 14, 15),
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w
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Fig.23 Changesin CYP 4A1 activities in the liver of CD-, HFD-, or MCDD-fed to rats for 4 weeks.
CYP4A1 activities in rat liver microsomes from CD-, HFD-, or MCDD-fed rats toward lauric acid.
CYP4A1 activity was determined by measuring o hydroxylation activity toward lauric acid. 12-
Hydroxy lauric acid (12-OH LA) was measured using LC/MS/MS. Data are presented as mean +
standard deviation (SD), n = 6 in each group. *p < 0.05 vs. control.
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MCDD {265 CYP4A14 / v 7 77 h~ 1w ATliX, MCDD 8]~ 7 A & bk U CHBO R RN
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MIANTER SIS Z EWRBINTNG PP —nenZ bbb B25E, Ty MM
OA BUMAMIZ 0 JIE/HHRHEE O 2V BT TIAEL L 72 NAFL S5lafEiiss, OA+PA AffiZ XL
0 JEABRE D B BRI L 7= NASH Bl 2 (U TRE T 5 = L Mg T& %, 22
T, NAFL # X O'NASH (251 5 CYP1A2 BRI 5 40 T-HIN A AT 6B T
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F28 T v b NAFL 4k KT NASH fefifao R

2—1 OA BXUOA+PA ARAZX 5T v MIREEEITMIECIT D IEIER DO

OA %7213 OA+PA (OAPA fiFkt =2 :1) AR L7727 v MIRESEITHINEO AEERE ORI 27T
T 572012, 7 v MIREEEITFIEZ OA HALE 7213 OA+PA FRINESHIC 24 REES# L7-, OilRed O
Yett L, TMEBEBIZE%. OilRed O 24t L C, 540 nm OWSEEEIC L VEHl L7z, ZORER, OA Bl
F 7213 OA+PA A DI 235\ T O FRABIE & Foige U CRIEE 7R IR O# DR BT (Fig. 24A,

B) .
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Fig. 24 Lipid accumulations in primary rat hepatocytes treated with OA or a combination of OA
and PA

The primary rat hepatocytes were treated with or without OA or a combination of OA (0.5 mM) and
PA (0.25 mM) for 24 h. The lipid accumulation in the primary cultured hepatocytes was examined
using Oil Red O staining. (A) Microscopic findings of the Oil Red O staining of the primary rat
hepatocytes were treated with or without OA or a combination of OA and PA. (Magnification: 100 X,
scale bars: 100 pm). (B) The amounts of stained lipid droplets dissolved in isopropanol were quantified
using spectrophotometry at 540 nm. Data are represented as mean + standard deviation (SD), n =3
in each group. *p<0.05 vs. 10% FBS-Williams’ medium E alone. OA, oleic acid; OA+PA, combination
of oleic acid and palmitic acid.
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-7 EOPIEM A NI A > ORBEATRIE L U CRIEREO AT HE S TWD, £2C, IL-18
mRNA ®A4EE L U CRIEOREZFHI L7z, 7 v MR OA Bl E 721X OA+PA RN
BEHC 24 WREHEREE L7-1%. [L-1AmRNA &% & & realtime PCR 12 X W §Hili L7z, ZO#ER, IL-18
mRNA FEHLEIT, SR & Hls LT OA B ARG W CIIAEZREITRED by, OA+PA &
FHERIC W TR L. (Fig. 25), 2D ORERLIRIEROMSREEEx b5 L (Fig. 24,
25), OA Afif 7 v MIREEEIFIIE NAFL £6fiid, OA+PA 7 MMAREEITHIINL NASH Ao
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Fig. 25 IL-1p mRNA levels in primary rat hepatocytes treated with OA or a combination of OA
and PA

The primary rat hepatocytes were treated with or without OA or a combination of OA (0.5 mM) and
PA (0.25 mM) for 12 h. IL-1p mRNA levels were examined via quantitative PCR. Data are
represented as mean + standard deviation (SD), n = 3 in each group. *p < 0.05 vs. 10% FBS-Williams’
medium E alone. OA, oleic acid ; OA+PA, combination of oleic acid and palmitic acid.
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CYP1A2 ~~—!u .-bod'-“
B-ACHN | G cns e cons GE s @ums sud
Control OA OA+PA
B
3.0
£ *
B c
O
Qs 20 |
38
— O
% 3
© 3 10 | =
=0
©a *
i B
0

Control OA OA+PA

Fig. 26  Changes in expression levels of CYP 1A2 in primary rat hepatocytes treated with OA or a

combination of OA and PA.
Primary rat hepatocytes were treated with OA or a combination of OA (0.5 mM) and PA (0.25 mM)

for 24 h. (A) Western blots showing CYP1A2 protein in hepatocytes. (B) Quantification of CYP1A2
protein levels. Data are represented as mean + standard deviation (SD), n = 3 in each group. *p<0.05
vs. 10% FBS-William’s medium E alone. OA, oleic acid; OA+PA, combination of oleic acid and palmitic

acid.
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EAE EBE

AFTIL, 7w h NAFL 3 XU NASH E7 /U#TD CYP1A2 OFH/TEMEDOIB ST DS, T &
MBI (n vitro MR ZERR) ICBWTH B TE D0 ENE L7, 7 v MRS
LA -V CHET (NAFL) k3 LONEMITR (NASH) #filaz L, ZhbET LHICE
(7% CYP1A2 # LRV ERBlEDERZFN L=, T v MIEEEITMIZ OA 7213 OA+PA Afif
L72& 2 A, OA LU OA+PA AfIFAIROWTIUZIBNT S, MfEiZIST 28 7R 807D
b (Fig.24), £z, RIEMY A S A > ThH D IL-1BmRNA &I, 1IEFIH & bk L T OA+PA
AT C O BN %780 7-(Fig. 25), ZHDLAERE G, OA BRTTFHINTIE /MR D 72
U NAFL A5#fd, 36 KON OA+PA ATl INERS DO BRI 2 THRIEA L 41TV % NASH £kl
Th o Lfkrshiz (Fig. 24, 25),

NAFL #£35 L O NASH #2351 5 CYP1A2 # o 37 B8 L-~Ld, NAFL 35 L O'NASH &
TV TR Btz CYP1A2 FHOKERZEE) & [FfkIC, NAFL €7 /L CladinL7z23, NASH €7 /LC
138> L7=(Fig. 26), AL CIERLE 7= NAFL Bl L O NASH BEflE, Moraveova 5 ' 73
L0 L LSEBLTWD KO ThD, £hpzx, b NAFL #fk KO NASH e,
CYP1A2 D#H72 59 CYP4A Y77 7 X U —DIEHFEREREFARHT-CIHEAIPRRIIZE, & 5113 NAFLD
I RIC L 28 FE CYP J8BUREIIS L USRANEEEB 2 M 5 720 OMIRICE I Th 2 b D &
Bz b,
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HEHE /NG
5 v MR~ OA AfifH LU OA+PA BHFIC LD WIS T b RN & Hoie

L CHIBINIC 351 2 B 2B R A i Tz, —J . RIEMEY A R A > Th % IL-1mRNA &3,
OA+PA Afif COLKIIRE R L CHREIZHIM L7z, ZH D Z Linh, OA AL, SKAEZ{ED
7R ORIAOEFEIC & 5 NAFL BRHE, 35 & O OA+PA AR TR XARAA O & J9iE 2 A5t L7 NASH
FRAfIE & W2 5 6 D Ll Sz,

CYP1A2 %8 L% NAFL BRHIIEZ 3\ THIIN L 7223, NASH ARl i3 Liz, #-7C, in
vivo O NAFL 35 X OV NASH &7 /LT btz CYP1A2 FBLO RSN in vitro FFESEHCRIC

BWTHEIND Z LMNFGEES NI,
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BTE WG

NAFLD DOFIE - BERRITITA, MmeRE, IFERERE MR & OATEEERAEHE L T
5, Tz, NAFLD BFITEBOEIRML LRI T 256032 < EWHAEEMN O L5
NAFL/NASH (Z5\F 2 SRMHREDZA b 2 BT D BN H D, Lo L7endH, NAFLD, 472 NAFL
(23T 2 FMHEHRELREN BT 2 A i3 7y, 165 T, NAFLD (3617 2 5 L OSEEED
TACEFRIT 5 2 L3 IR OREL) #X5 ETHEETH D, i ETIZ, NAFLD #iW€7 /v
Z T2 CYP 3 FREODFEHL/AENE D ZEENZ B D58 23 < 2700dd 573, NAFLD O iiiezz &
% CYP 7y FHEFEEL/TEMEDZEENE H LT CYP 23 FHLOFEEL/TEMEIC DUV T NAFL 3 KU'NASH €7
NV [RIRFI HEBARE LToAIE & 2 LUy, & BIT, JWAEFEEE DR/ 2 RN/ BT 27 L & [RIRFI /RS
L. HMEEIEAITR L OVMBIFRICRT 515D CYP 4y FFEODFE IS A NERET 2 LUl L 7-AF5E
FRET B0, & 2 CABIRIL, RIE/AIREG 2 e 2 W BEMEIEF (NAFL) £7 /L & Smd/Al
WAREZ 1 S B (NASH) 7 /UZE1F 5 CYP FBFHEICET 2 R4k 5 2 L 2 HigE
L7z GB1®)

FT. P 2 BT, RIESRHBEORWEIIFET V. (NAFL £7/V) & RIE/FRHBE 215 E
iFET v (NASH £7/V) OFRBHERZRGT LZ, KT, 853 #Tlk, NAFL 383X O'NASH €7
JZHIT % F:573 CYP oy FREDFEBIAT Al L7z, $7-. % 4 = C13 NAFL 3 X0 NASH &
TIVIEITCHRC S 53881 L~ L& 7R LTz CYP1A2 OFBIZEEN N IEMEOEENI S5 DENEH 5
DT DT=OIT, W7 A 8IKIBIEMEAFERE & LT CYPLA2 {KIFMESEMEGE (&) A3 L
7o EHIT, 55 FETIE, NASH E7 /LB TR btz CYP4A1 DFEBIAEE, 1EMEDOZEBNT K
LS DEDEIASNTT 272012, 70 U VRO o KL A FEIE & L C CYP4AL 1527 L
7eo £ LT, %6 ETIX, NAFL 3L O'NASH E7 /VRENZISW TR 2388058 CGEL/IEMERREL
%) D3R Bz CYPLA2 ORBUREI A /1 = X L EfRIAT 572 0F A& LT, 7 v MIHRESEF
s B L 72 NAFL k3 L O NASH Bz FAV - in vitro MISEEGRIC TG LT, BUFICAHT
FETHF DI IR A ST 5,

1. 7w MZBIT% NAFL 15 LU NASH E7 /L ORESL

ABFFETIEL, NAFL 35U NASH (28617 % CYP 43 FREDFEHEE 4 [FIRFI T2 Z L 2 A &
L. FMHEES LORIEA DR W BMMEIRIFET L (NAFL 7 /L) LRSS KOIEE 1
NEMiRFET /L (NASH £7 /L) O[RIHERZ 372,
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6 IHEROHENE Wistar 5 > b % CD, HFD, MCDD 0 3 #2450 T 4 WHEHEAT L7, KEE 1 HE
RCIE L, SEM4& T, THEEE, M et JOHRIRE S B2 E Lz, £/, I8
#ROFEE%Z OilRed O F X OVHE BefalZ K0 | AHHAROMMI LOFEE % Azan—Mallory G4l & 0 3
ftiL7-, OilRed O Y:taTiE., HFD ffds L OXMCDD BEO RO IR 35\ TS 225D L7538
bz, £, Mo TG iX, HFD #£53 X 0 MCDD BEOMEHIIWT CD L0 HAREIC EFL
7z HE B4t Tl MCDD HEZ W TIRNIH DS T DRI 72/ SV —= 0 THBIER ST DITHR LT
HFD BEZHBW TR SL—=2 71372 <, MCDD BEL D &/NEVHBIAEICE £ - Tie, Liend
-, HFD B3O BMMEAET (NAFL) Z&KB L T\ Db D EEX iz, ITEfLRkORE LA
P35 72912 Azan—Mallory YLl CTRENT L7= & Z A, MCDD BEZIUNTOA R DB 7ot
{bfg33BO HiLle, TR L C, MRS ~—7—Th 5 M4t AST 6 L O ALT R 1T MCDD
HCORFEIIM LT, ZhHDZ ED, MCDD BETIE, RIEN A U DR LA ER I T
BY | LGS/ RIES L ORME b7 & OFRREARRFRVRHE) B & MZEIT5H NASH 2FRBLL T\ 5D
H O & ST,

PLEXY | AR CH D 4 WO T v b~ HFD 180X, MHMHRERIE A 70V Hifl
PERESAT (NAFL) 2R ESH5 2 &, B3LOMCDD O 4 EEHENL, AAHBECARIER1E 5 NEIIT
7% (NASH) ZIRS®5 Z EAVRE Sz, 165, HFD #35 LO'MCDD #%, Zi2h NAFL &
THAEBLO NASH £7 /L& LT, LIBOEIZH LT,

2. NAFL BLU'NASH €7 /MZEIT 5 CYP 55 FREDFEHEBIDOMENT

NAFL & X U'NASH E7 /MBI 54 CYP 7 FREDHBIABIOAR LA LN T 52 LA RV &
L C. NAFL/NASH €7 /UZET5 CYP 75 1f (CYPIAL, 1A2 2B1, 2C6, 2C11, 2DI1, 2D2,
2E1, 3A1, 4A1) ® mRNA £% E 8 real-time PCR |2 TRl L=, £ DfER, CYP1A2L5+ 0 CYP
5y 7FE mRNA £1%, CD BE& tfis L C HFD #f (NAFL €5 /L) ([ZBWTEE A EZBIL L7273,
MCDD # (NASH €7 /V) 28\ T CYP206, 2C11, 2D1, 2D2, 2E11 X0 341 ® mRNA &)
BRI Uz, BN 212, CYPIA2 mRNA (X, CD #f& il L C HFD # (NAFL €7 /L)
[ZRWTHEIZM L, MCDD # (NASH €7 /V) CIIARICED Uiz, —7F, CYPIAI B LN 441
mRNA &%, NAFL &5 /L TIIZE L L7220 7=DIcxt LT, NASH &5 /MW TR L7z,
512, CYP1AL, 1A2, 2C6. 2D1, 3A1 BLU4AL DX L /R 7 B3 L~ % Western blotting (2
THEHRFI L= & Z A, mRNA OX#E) L RO @ 2R LT,

RN D. B MBI DHMHREORIE L1 S FFRRTIL. CYP 43 FREEDFBUR FIZ K- THMMR
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HHEME T 5 LB BN TWS, Lo, ABFFEICHWT, CYP1A2 OFHi: NAFLD JR#I - &
725 NAFL I TR &, R - SELZFE S NASH HICIEic BRI L 0 DI T2 2 L8RS
iz, 512, CYPIAL B X UM4AL OFBUT, BE & A, NAFL TIEZ(E L7220 NASH (23650
TERTHZEDRBENT, ZNHOFRIE, NAFLD JiiltER & & CYP 2Rl X 238 GhE &
DRI KOS EIREA S 2 BT 2 L CEHERIET — 21T 050 b0 EBEZ b,

3. CYP1A2 {RIF MR AHEMED NAFL 3 X ' NASH 5 VHIZEIT 5 REES)

NAFL 5 XU NASH E7 VB CHIE T 258l L~V 47k LTz CYP1A2 (3, SUESHRREET 47 «
U PSR m e 7 & D TDM Oxtge & 72 23O 535, &2 T, CYP1A2 DFEH
ZEDSGHRE (EME) OEBNKM SIS ODENEASMNTT H7dIc, CYPIA2 KIS
BHEMEL, 7y MFI 7 n Y —ACBIT Do 7 = A 8K IV EARIE S UM L7, Z ORGSR,
CYP1A2 OEMEE, CD BE & Folg: L C HFD BE(NAFL SE7 /L) (23 TH EICHIIN L. MCDD #f (NASH
ETV) TIEAEICED Lz, 20 NAFL 88X NASH €7 /UHIZEIT % CYP1A2 {EHEO RS
(T, mRNA/Z L7 BB L~V OZEE & K<~ L TWiz, 2O Z &id, NAFLD OO
NAFL (23517 % CYP1A2 {&AFHRMMETREDS BA-$2 2 LT L0 P ARZ LA DM T35 Wl gEE,
FBLONASH (2B T, BRI IS L2 M AR LIRREE ORINANE U 2% alREME 27~ LT D,
> T, Ak, CYPIA2 (T & » TREZEZIT 25 L5 T[RRI ORI L) 21X % 729113, NAFL
3 L OYNASH B#EICEIT 25 L OSEEOfT SLETH 5 LB 2 bz,

4. NASH E7/UZERIT 5 CYP4AL {RIFHENSIAER o KBS LRGSO TIHE

CYP4A #7777 I U —I3ENiE o KU SOS 2 2R Ch D, £2C, Ty MFI/zmY—
LZBT D CYPAALTENEZ T 7 U e 12-KIRIKIA (o KIRIEIK) TéH D 12-OH LA OEpE A f7
& LT LC/MSMS I TERIICFHE L7z, £ DR, CYP4AL OIEMEIE, £ mRNA/Z /378
FEBIZSHE) & [FIRRIC NAFL £7 /L ClidZ btd, NASH 7 /MIBWTHREICHN L., i, & b
CYP4A11 (7 v bk CYP4AL IZFHYS %) 1%, 77 F RUEED o KERKIZ L » TABNEHEIRE TH 5 20-
HETE (2Z#2 L, Z® 20-HETE /% TGF-p1/Smad3 > 7 /Uni#Ea i L CHRE L 27585 2 L
WESN TS, NASH £7/0C0 CYP4AL OFBLEFIL, BWfITRe 5 b OOLIRTOM®RE & 28
D=L THY, AFFETERILZT v F NASH EF /LB TH RSN, Fhdz., NASH (2
BT 5 CYP4A1 FELAEMEOFHEIINENITIC I T 2 ERgeIRIE & e < MM iR 595 & 0
CHEER SN, ZDZ EiE, CYP4A H77 7 X U —DREHESINHIA NAFL 5 NASH ~0jFH
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HERPIIED 7DD /2 IBRIRA L 7R V155 Z L 2 L TD,

5. IEIABBARTIC X 5T v b NAFL #5 J O NASH #6lfaic k1) 5 CYP1A2 #HZEH)

AW IBNT, Ty MFI 7 1Yy —AIZEB1F 5 CYP1A2 OFEL/1EMD NAFL £7 /WZHBWT E
F-L. NASH 7 /MZBWTUTFTIER 7 v MFEY IR T2 Z L 2N LT, ZOMHEEED
A B = XL EFRIT DI20E, 0 TR e L~V COfMT BT 5, & 2 C.NAFL 3 L UVNASH
(28T 5 CYPL1A2 FEGHEMEPATO—Hx & LT, 7 » MIREEEFHIINO NAFL £k L OVNASH £k
ARV AT T, BT > MR D FIEIC L D BRI L7l 2 OA BUMAMTT & 0 J0E/ Ak
5D NAFL Al ER S vz, $£72, BFIiENEDS ER R b L AER(LA I L A %4 LT
{baFHET 5 Z & &R LT, OA+PA AR L o CHEIERL & SIEAEIE S 117- NASH Heiian i
Eiiz, CYP1A2 % w37 B BL L~ UL, OA AfifiFiih (NAFL BRMN) ClasginL7-73, OA+PA
ATl (NASH BEle) Cldddd L7z, 76> T, NAFL IZBWTIEFEF LY & EH L7z CYP1A2
DIEEL/TEMED NASH IZHB W CIZIEFIF L U BT LIZERDO—> & LT, RIEHMELOF N
B CWDHAHRIEAVRIE SN, 2 bDZ &35, NAFL B850 NASH 7 /LHICEW TR HiL
7 CYP1A2 FHLO SR E I IEENTHIIRIZIB W T O SN D Z L AVRENT, £z, AWZET
P S 7z NAFL £Rfifiads 1OV NASH AR IBERIC L 2 b0 & I L Tl . AWFE Tl s
A7z NAFL B:HIEE 1OV NASH £:#iEix, CYP1A2 OZ47e 53, CYP4A 377 7 2 U —DIEBIERE
FEFRAT-OPHLEAIRRRIITE, S 51213 NAFLD iRz L 5456 CYP OFEE R L OSMARHNE
P 2T DT DICAMTH L b D LB BT,

PLEXY | el ik 4 B HFD £721X MCDD 57 » MZ XV | KIE/MEFRE O 70\ il
PEREIIIT NAFL ©7 Vi L OE /AR e & NSRRI L2 5 B NASH £7 VA Z 24
RSz, CYP 737D 5 B, CYP1A2 OFEIL/IEVET NAFLD FSIFHIC &H7- % NAFL #icisu
TIEHT7 v MFL D biFE S, SE/ARRR SR L OWSHE L2 5 NASH B\ Tl IE# AT &
DHIRTT DL Z2HDTHLNI LT, £72, NASH 12817 5 CYP4A1 8L/ IEED E5H1X NAFL H»
5 NASH ~OJHIERICEE 5T 5 b D L HEE S 7, 7 b NAFL ##35 KO NASH Fiflifu 4 FH vz
In vitro HlRFERFRIZISVN T, n vivo D NAFL 35 KLUV NASH 7 /UH Tiged b7z CYP1A2 FBLOX
HAREIS SN D 2 ENERES I, CYP I FREDREBZAE S b hTHEMETH L LBET L L, K
MR T DALV A AL, NAFLD SRt &4 CYP 43 HiZ K 23 ARGHE & OBIRMIs L USEYHE)
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REAEN 2B 5 L CEHBERIET — 21220155 L & b2, NAFLD JRiitERIz &L 5 CYP 431D
FEHAEE 2B LT IR 2NN ENRHD 2 LERETLHDTH D,
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RBROE

SEEA
1L R
Wi (control diet; CD. 11% calories from fat)( cat. D12450B). @Eifighif (high-fat diet; HFD,

60% calories from fat) (cat. D12492) LA F A=+ 2V > KZ A (methionine—choline—deficient
diet; MCDD)(cat.A02082002B)i%. Research Diets Inc. (New Brunswick, NJ, USA) /»HHEA LT, =
L 27 m—/L (I-Cho) E-7 A hU a—_ gz L 27 n—/L (F-Cho) E-7 A NV =a— R~ 7 Utk
74 K (TG) E=7 A bV a—_ #i#EiEE NEFA) C-7 A hVa— hIFURATIF—8 (T AT
X7/ v A7 27— (ASD), 77=73/ h70A7x27—8 (ALT)CII-7 A hU =
— Zna—2A (Glw) CI-7 A T a— R=2Y -2 T b oA VIR, 10% PR L~
U U EiK, tristhydroxymethy)aminomethane (Tris), £ Y 717, MU Ty oA e EH— a5
47—+t radioimmunoprecipitation assay (RIPA) buffer. Protease Inhibitor Cocktail, ImmunoStar
LD 3 U ImmunoStar Zeta |3, FUJIFILM Wako Pure Chemical Co. (Tokyo, Japan) 2>HREEA L7-,
Lipid extraction kit (cat. STA-612) (. Cell Biolabs Inc. (San Diego, CA, USA) »>HHEA L7-, Lipid
assay kit (cat. AKO9F) % Cosmo Bio Co., Ltd. (Tokyo, Japan) 7>5H#A L7-, B—nicotinamide adenine
dinucleotide phosphate NADPH) %, Oriental Yeast Co., Ltd. (Tokyo, Japan) 7 HlEA L 7=,
ISOGEN-LS ¥ X O ISOGEN-1I 1%, Nippon Gene Co., Ltd. (Tokyo, Japan) 7>5HEAL7-, ReverTra
Ace qPCR RT Master Mix 35 J 0" Thunderbird SYBR NEXT gPCR Mix /%, Toyobo Co., Ltd. (Osaka,
Japan) 7>5HEA L7, Polyvinylidene difluoride membrane (PVDF) &3, Millipore Sigma (Bedford,
MA, USA) LVlEALT=, 17 > b CYP1AL HifK (cat. ab79819) iL. Abcam (Cambridge, UK) 75
A L7z, $17 > & CYP1A2 #ifk (cat. sc—53241), #17 v ~ CYP2C6 Hiifk (cat. sc—53245), 17 v
K CYP3A1 #iff (cat. sc=53246), 33LT* 17 v b CYP4A1 HUfk (cat. sc—53248) (L, Santa Cruz
Biotechnology, Inc. (Dallas, TX, USA) mHEEA L=, $17 v k CYP2D1 HUiK (cat. 17868-1-AP) %,
Proteintech Group, Inc. (Rosemont, IL, USA) MOHEA LTz, A LA LT U T A 7L FUERS
U DA, L-ZV% 2, Ca2t, Mg2t—free 10 mM phosphate—buffered saline (PBS (-)), =3V >
—A KL h=A VPRI, bicinchoninic acid #F#k, bovine serum albumin (BSA), it fatty
acid , endotoxin—free BSA, HRP #Z:#%#17 ~ hp-actin HifA (cat. A3854), Williams’ medium E 55Hh,
Eagle's minimal essential medium (EMEM) 55133 X OV Ca2t, Mg —free Hanks  balanced salt
solution. 12-Hydroxylauricacid (12-OHLA) (. Sigma—Aldrich (St. Louis, MO, USA) 7»bHEEA L
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72.  HRP 5B~ v % IgG Hiiki Cell Signaling Technology (Danvers, MA, USA) 7HEEA L7,
Hyclone™ fiffkss v L 1fii% (fetal bovine serum; FBS) 1%, Cytiva (Marlborough, MA, USA) 7>5
AL, B A BRLAF— (40 pm) %, Corning (Corning, NY, USA) /SN L=, 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) B £ [6) 0,0'Bis(2-
aminoethyl)ethyleneglycol-V, N, N’ N'tetraacetic acid (EGTA)!Z. Dojindo Lab. (Kumamoto, Japan)
MBEEA L=, 1,3,7-Trimethyluric acid 1% Cayman Chemical (Ann Arbor, MI, USA) 7>BHEALT=,
11-Hydroxylauric acid (11-OH LA) (% Toronto Research Chemicals (Toronto, ON, Canada) 7>
AL, 27— rva—h6 v/l L— L1024 7/l 7 L— M, AGC Techno Glass Co. Litd.
(Shizuoka, Japan) »OREA LT, T X UEFWEIL. Tl EME £ 7213 HPLC . LC/MS ot
DEFERLE,

2. Lt
2-1 ST
Multiskan Sky High ~1 7 v > L— r3 Rt (Thermo Fisher Scientific Inc., Waltham, MA,
UsA)
2-2 WA
Olympus IX71 (Olympus Co., Tokyo, Japan)
2-3 ElEIKR7 v~ + 77 7 4 — (High Performance Liquid Chromatography; HPLC)
HPLC %% : HITACHI GL-7450 (HITACHI Ltd., Tokyo, Japan)
UV #itti#s : HITACHI L-7400 (HITACHI Litd., Tokyo, Japan)
N7 HITACHI L-7110 (HITACHI Ltd., Tokyo, Japan)
2-4 ks wv~ N7 77 0 —% 2T NEESHTELiquid Chromatography/Tandem Mass
Spectrometry; LC/MS/MS)
AB SCIEX QTRAP® 6500 system (AB Sciex LLC, MA, USA)
2-5 U7 V%A L PCR ¥
StepOne Real-Time PCR Systems (Applied Biosystems, CA, USA)
2-6 TR « A A=V 7 ERELEIOE - HOL - DA A - AR
WSE-6100H LuminoGraph I (ATTO Co., Tokyo, Japan)
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3. ZEREM. FkH

HEVE Wistar 27 > b (5 s, fK# 100-120 g) % Japan SLC, Inc. (Shizuoka, Japan) 7>SiA
Uiz, BEARE, BIEEEICTC22°C, 12 REFHOBREY A 7 v, FHxHRE 55% OB Tl OFEH A (CE-
2)(CLEA Japan Inc., Tokyo, Japan) % 5% T 1 It 87, Z0#%, CD, HFD. MCDD #&fHoD
3HE (BHEN=6) (20T 4 WRHGEE L7z, 7ods, RAFLKITHRICERSE, 2-3 BRI REFOMF
BLOSHEAT e o7, BFERIE, AR P IR GEZR RS OER (KRF S : AE2021-003)

B CEREAT- T,

4. MR X UHROBRER

BB WIS THRICBHERZITUV, A Y 7V T R T GOl & AaiiRin U7 %, IFigaf Uiz,
E7o, DI B U7zl x, ~ SV AL mOsEE (3,000 % g 10 min, 4°C) #., MmAEZA IR L
7o SR LT E 30T £ T-80CTRAFE LT,

5. MRSy DOFRR

7 v MR EED 4 55

D 1.15% KCl ¥k % &t — MEER (10 mM phosphate buffer (pH7.4)) % /ll%, Potter-
Elvehjem homogenizer Z{£H L CHREVFTA AL, JHFARETVR— MEEZR L7-, JHFHRETR— MK
Zm sy (9,000 X g; 20 min, 4°C) L C SO M3 A457-, X512, S9 Hijy % i L - T Loy
(105,000 % g, 60 min, 4°C) #%., WA=, FEEIEEI & BTG DAV 2 f5ROBE T R— b
TR PR L 7=, 00 (105,000 X g, 60 min, 4°C) (280 LB S 7=, TR 2 fFn B
LEBORTYR— MEERIZEB L, T2 0 Y —AliyE257, 1T 7 vy — AEs ISR

T 5 FET-80CTIRIF LT,

6. ZURI7BEOHIE

JHABRR DA 53 & 7 I HIRYAfRIR D & X7 G 2 FET T Bicinchoninic acid (BCA) A THIE L7z
20 T b Y — AR 2 L B L U IET VT R R ORERIRE (T2
71— NESY) E IR % 20 pl 72 5 NS BCA/CuSOs + 5 H20 (50:1)% 200 pLL Afv, 37°C
T 30 HyfElfkiE L. /YR (562 nm) TRIE L,
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52 BB 5 KR

1. AFEYLEIC X 2 RO IfENT

7 v bR U7 TFEE 5 mm P52 IET L, 10% - RS L~ U AR C—BREE LTz, 2D,
20% A 7 11— AFRKIEHINZ—WEERAT L 5V VT 30% A 7 11— AR B U C RO F L7=1%. O.C.T.
Compound (Sakura Seiki, Tokyo, Japan) ZHWTEA LTz, 7 T4 A 2K » &R L CHtEE) %
PELL | 22°CT—Wheaff S & TR U A 2 AR T a1 T o 7o,

1—1 Oilred O x5

Oilred O JFR (f ¥ 7'a/X ) —WIRIR) ZRERUKIZ T 60%ICAIR L, 15 /i Liz, D%, 7«
VA — (0.45 pm) Ai L, Oil red O Yetaifa il Uiz, WiAsY 248 00KC 5 ofipeg L, s L7
Oilred O Befaifiiz IV T 22°C, 30 [t L7z, e T ABRUKI LUV 60%A Y 7 r S — )L Tl
L. 37CT 3 Wizl S ¥ T/ Uk r—b OKIEMEIAR) ZEAL, EAZE -, 557,
SRS CBIZ LT,

1—2 HE

HHEE) R ZAEROKCHas Lo~ R U YR C 10 Spfileta L7t REEOKC 5 ARk Lz,
D%, TAVLYLMAET 5 R E T 5T, T0%TH J—b, 80%TH J—/b, 90%TH ) —/L,
kX ) —) kX ) —L -« XL (1), FULUDIETHIK « EEITo7-%. ~U v b
27 A 2 (Daido Sangyo Co., Ltd., Tokyo, Japan) GEKIEMEE AR ZHAWCTEAL, A, 15
BIVAFAIT, SRR CRIEE LT,

1—8  Azan—Mallory %x£5,

HHEGT 2 RERUKCHE L, 7Y B2 2 GIT 10 29fiYeta Lotk FERUKC 5 e L=, <
D, 7=V T Na—LTHRIL, 1% % /) —/VIB LUREOK T L1z, £0tk, 5% AZ v 7 A
T T 15 S U UK TS LT, 0%, 7= U F - ALY G Th g Lz, 70%
TH =), 80%TH J—Ib, N%TH ) —)b, HKkTH ) —)L HokTH ) —L - F Ly (101, F
LU DNETHIK < BMEAT Tk, v~V b7 A v 7 ZWTEA L ERZAGT, 15 DAVAEAIT,
MR TR LT,

-60-



2. MEFAELFLT
SEERAAEE) 4. TS L7z 1fi8%0 T-Cho, F—Cho, TG. NEFA, ALT, AST } XU Glu =13,
FIETUHIET DHEF » b A2 W TEERIEIZ LV HE LT,

3. FHBAREORIE

SRR b5 T L7 IFARE Yk — MIEK U | Lipid extraction kit 2 VN CIFIEE ZHbit L
72o HHBNEE D T-Cho, F-Cho, TG, XU NEFA &F &L, ZnEhxtind 2llEx v Mol
WTEERIEIC LV HE LT,

4. FERHERAT

BT —21%, 6 BIOFIIR L ONERERE TR L, SAHWERT T, —JohdE o 217172 -
7%, Dunnett’s test JEICCHEEMRE L7, #HHEIZIZIR Y7 v =7 (R Development Core Team)
AL, HEHIAEMX p<0.05 & L7z,

5 3 BB 5 KRR

1. RNA Ot ERBHRY 2 T —PEGRIG (qPCR)
1-1 mRNA Ofh

[F2BRRPEL 5. TR L 7= TR E % — Mih» 6 ISOGEN-LS % iV T4 RNA ZHfiH L7-, RNA
PEEEIE, SYYOLEERE (260 nm) & FIVTHRIE Lz,

1-2 EEMRY A5 —EFR)E (PCR)

Hh U72 RNA 7>5 ReverTra Ace qPCR RT Master Mix % VW Cifi#izE L, ¢cDNA &Rk L7,
55172 ¢cDNA % Thunderbird Next SYBR qPCR Mix 3 & T} StepOne™ real-time PCR system %
T qPCRICT, v ~ CYP1AL, 1A2. 2BI1. 206. 2C11. 2D1. 2D2. 2E1. 3Al
4A1 3 X U\B-actin mRNA FBUEAHE L7, qPCR (2 L7=7'F A ~—Fid4% Table 6 (277,
mRNA 3 AACt 3 0 2 LTRSS, IEBEYE T 5 B-actin mRNA F25 L CHEHE L L
77
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Table 6 Primer sequences used for quantitative PCR.

Forward (5" — 3) Reverse (5' — 3
[-actin TGTCACCAACTGGGACGATA GCATGAGGGAGCGCGTAA
CYPIA1 ACGTGAGCAAAGAGGCTGAA TCGTGGTCATAACGTCTGCC
CYPIAZ2 TCGAACCAGTCAACCAGGTG GTCCTTGCTGCTCTTCACGA
CYP2B1 AGGACCATGGAGCCCAGTAT AGAAATCCTCAGCTTGGCCC
CYP2C6 TTGCTCCTGCTGAAGTGTCC AATGTCACAGGTCACCGCAT
CYP2C11  CAGTCCTAGTCCTGGTGCTCACT CTGAAGGGTGTTTCCAATGATTG
CYP2DI TTGGTCATTTGTCTTTGGGAGC CACAGGCCAGTCCCATTCAG
CYP2D2 CACCTTACGGACCTGAGTGG GGCAATCACGTTGCTCACAG
CYP2E1 TCCCCAAGTCTTTCACCAAGTT GAGCCAAGGTGCAGTGTGAAC
CYP3A1 CCTCTGTTTGCCATCACGGA GACAGGTTTGCCTTTCTCTTGC
CYP4A1 AGGAGCGAGGAACTGCATTG CGGAGCTCCACAACGGAAT

2. Western blotting f#fT (V=25 7wy MEH)

MFRAAEE 5. CRBL LT 7 vV — A D%% CYP s FHl s w37 BBl aE a2 E L, T2
1 Y — A% 2% Sample buffer (125 mM Tris-HC1 (pH 8.8), 0.2% sodium dodecyl sulfate, 20% glycerol,
0.04% bromophenol, 0.1 M dithiothreitol) & OIS 1:1 L7225 X 9IZIRAE L, 5 AL T
TNERE LI, 1 b—rHTh 40pg OF T EREOY TNV 10% SDS RY 77 VLT IR
FNVERUKENCHEEL, PVDF I (7a v 7 ¢ > ) (Millipore Sigma, Bedford, MA, USA) (28575 L
770 BT, 7 v w7 4 7% Blocking buffer (2% Skim milk in T-TBS (20 mM Tris—HCl buffered
saline containing 0.05% Tween20)) (ZC, 22°C, 2Hf#A v FaX—Ta L, 7o vx o Z0Es L
oo TayXx Uk, TayT 4 7L T-TBS T b5 OGS s % 3 [T 7=k, —IKPik%EH
WT 22°C, 2o ¥ a— g L, T-TBS T b5 5 OREN % 3BT -7, £ D%, HRP £
PR E FAWT 22°C, 1R % 2— b UTe, BHIEFFOEREEE -V T, (R 2t
BT L7z, 45 CYP 23> CYP & /37 BB RIT, MR TH HBactin # >/ 7 EFREE &
W LR L, CS Analyzer4 Y7 h 7 =7 (ATTO, Tokyo, Japan) THATL 7=,

3. REHENT
WRHRATIX, 156 2 |ICBT 5988 4. LRICHIETIT o7,
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4 FEITBY 5 EER

1. BEREUG

57 = A v OREBOSTIE, BRI (P 7 v Y — L5y, IR « 1.6 mg protein/mL) (2% 7
AV GRAEEE © 1 mM), NADPH G : 10 mM) X 000.1 M Na/K U gk (pH 7.4)
EINZ TR (42 2 mL) ZFERRUSNAIRE Uiz, 7286, IR0 7 BERIRIRI IR RUGTAIR D 1/10 &
L7z, STCTH DT VA v a—Ta U, BT A U EMATHRBERN T, 20 5o 2
—3a L, 2mL ® 2%iEEHS/0.2 mM HCHA R 2 N2 TSz 1272 bIais ik SE 7z, #ik% 5 mL
DOIEREHE (7-(2-hydroxypropyltheophylline) % & el F/VER T 2 Al L7z, #5507 A
JEEWITEREE L, FRiEE 72 =R U 200ul THEEL, I AEFA AT 4 /L2 —S(0.45um) % F
THiL7=b 0% HPLC JIEAREE LT,

2. HPLC-UV #iE
HPLC-UV O LI FIRT, 7ok, #EIOHIEIZAS5AEl 20 pL 2 HPLC (ZJEA L, HPLC 7
R~ hTLAOHTIE GL YA = ADY 7 b =T TT o7,
sy Mt 1 7 A : CAPCELLPAK C18 UG120 column (particle size 5 pm, 4.6 X 250 mm)
(Shiseido Co., Ltd., Tokyo, Japan)
7 AR 40C

UV & H % R :254nm

OB OAN & 20uL

s i3 & : 72 h=hU/:01%XFE=5: 95
it I# : 1.0 mL/min

A OB OAN & :20pL

ff FF BF [ : 1,3,7 Trimethyluric acid (13.2 min); 7-(2-hydroxypropyDtheophylline (26.1 min)

3. REHENT
WRHRATIX, 156 2 |ICBT 5988 4. LRICHIETIT o7,
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5 b BB 5 KR

1. EEREUG

F 7 ) VEROREEOE Tl BRI (172 7 1 Y — A4y, IR © 0.4 mg protein/mL) (25 77
U U (R« 25 nM), NADPH (R % : 1mM) BE V0.1 MNa/K U U FEskEER (pH7.4) %
ATV (4 200 pL) AFERFILEIR & UTe, 7d5, I U TR VAR ISR OSSR 0D 1/40 & L
Teo BTCTH AT LA v Fa—atk, 70U UBRANA TUFKEIRNET, 5 oA ¥ a—
va v Uiz, BUGIPEBIEYE (12-OH LA-d20) 25107 & = N U L EERSUGRIRD 2 (582N
OKM N CIEIE S, 30 DK T Ok, mAhE O Tl (14,000 X g, 15 min, 4C) L,
HEEazxeF A A7 L% —S(0.45 1m) THi L, LC/MS/MS JIEFEE Lz,

2. LCMS/MS #izE
<LC/MS/MS /4>
2y Mt 41 7 A : InertSustain C8 column (Iength 100 mm, i.d. 2.1 mm, particle size 3 pm)
(GL Sciences, Tokyo, Japan)
717 AR 40°C
g H} : - Negative ion mode
« Product ion scan mode (precursor ion, m/z215.2) for identification
» Multiple reaction monitoring mode for quantification
(12-OH LA, 11-OH LA: m/z215.2/169.2, m/z215.2/197.2)
(12-OH LA-d20: n/z235.2/188.2)
+ Ion source temperature 400 °C
+ Tonization voltage 4500 V
» Ton source gas 1 : 60 psi, ion source gas 2 : 60 psi,
curtain gas: 30 psi, collision gas: 10 psi.
#OoBE 3 AN & 5ul
b HfE % : (A) 0.1% formic acid in water : (B) 0.1% formic acid in acetonitrile
Gradient B% (min) = 30 (0—-3) — 100 (8-11) —30 (11-15)

1 0.35 ml/min

S

% ¥ Bf R :11-OHLA (5.4 min); 12-OH LA (5.5 min); 12-OH LA-d20 (5.4 min)
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3. MEEHENT
WRHIEATIE,  TEE 2 FICBET 2 5ER) 4. LRI CHIETIT o7,

2 6 FITREY 5 FRR

L 7y MIMRETHIRORE & 5%

7 v N OYYREEEITIRIE, M Wistar 527 > & (6 i, (A5 120-140 g) #fEH L. Two step
257 F—PHEEIC L D L7 P, Ty e Y TS TR, BRI, ERERIRE SR L
TREIRICA =2 — L Z2fA L, AR (10 mM HEPES, 0.5 mM EGTA, 4.2 mM sodium hydrogen
carbonate in Ca2+, Mg2+free Hanks’ balanced salt solution (pH 7.2)) % AV T 30 mI/min T 5 43f#
R Uiz, =Dk, 2747+ —Fik (10 mM HEPES, 5 mM calcium chloride, 4.2 mM sodium
hydrogen carbonate, 0.005% trypsin inhibitor, 0.05% collagenase in Ca2t, Mg2*—free Hanks’ balanced
salt solution (pH 7.5)) % 30 mL/min T 5 ZfHIfF#EsR Uiz, ER%, gLt L, =77 —8k
30 mL H iAoy S MBS A DR T — 8 T A E LTz, Aifia 700 x g T 6 fifizioy
BEL7-, HifZBrEL, EMEM 30 mL THARE L, REIKZ 700 X g T 6 /il 0oL, 2 OBE
% 2 AR LTz, ZD%, 10%FBS, 2mM 7/V4 X > 100 units/mL <=3V > L OV 100 pg/mL
A NUT b~ A v i ETe Willlams' medium E CLF, 10% FBS-Williams’ medium E) 30 mL THEE
L. BLA ML AF— QOpm) THil L7z, MliE, Trypanblue iEZ K 0 FHAI L7, FFMIBQEAIR A
10% FBS—Williams medium E (2T 4x 105 cells/mL (ZFFHL L, =9 —4F L o— MEEZER 6 7 =L
7'L— bk (1.2x106cells/well) F7-21224 7=/ 7 L— |k (2x105cells/well) (ZfFHINZ &R L. 37°C,
5% CO2 DA FCT—HikraE L, FERuCHt L7z,

2. T v MIREEEFHIRICT DIEMTFE 7V S OB E T A D ERL

AT ) 74 (OA, 3mM), £7703 A LA T MU VAL LI F U R LA 2
1(OA 3mM : PA 1.5 mM) OFEETHRA L72b L BSA (1.5 mM) Z @5 C el imfiE <
7z, 10% FBS-Williams’ medium B #5#1I THERE (OA: 0.5 mM £7-(3 OA+PA: 0.5 mM OA ¥
£0r0.25 mM PA) ETHIRL. IFMiaA 12 F721% 24 Rl Lz,
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3. Oil red O Ytz X 2 HAREERITHIIE ORERREA AT
BEfsf& T#, 24 U =L 7' L— hOFR Y = LD BLEFERIRAZFRE . PBS ()1 mL/well) T 2 R,

10% PR E A L~ U LR (300 pliwel) 2% T, 28R C 15 ook L, Mz EE L, 10%H %
TR~ U AREBRE . Oil Red O Yetai (60%1 ¥ 7 18 ) —/ViE#R)(300 pliwell) %1% C 30 47
geta L7, Yetatk, OilRed O Yefaiik (60%1 ¥ 7 m/3 ) —L) wBrE | filld% 60%1 Y 7' a3 ) —/L
(1 mL/well) T 1[EREE%, &S 52 PBS ()1 mLAwell) T2 [mFE4 L7, PBS (5500 ul/well) %0
A TSR THIZE Uiz, $Hatc. PBS(—)ZBRE | 3TC TR S Bz, il S 724, Solvent for
Oil Red O Extraction Z /12T, 30 72L& L7z, €D, 24well 7'L— k225 96well 7'L— ~Z 100
pL BV | 540 nm (2B DO AIET H Z LIk v Bk L7z,

4. EEHrealtime PCRIZL ST v b IL-IBmRNA L~)VOfEHT
4—1 T v MRS H O mRNA OffiH

BRI TR, 24 U = VT L— bR T = A0 bEERIRZERE . PBS ()1 mL/well) T 2 [FIGEF#,
ISOGEN-TI % fH\ T4 RNA ZHfit L7z, RNA B, /5900 (260 nm) Z FAVCHRIE L7z,

4—2 FERMHRY A F—PEERE (GPCR)
Z v MR B LT practin OFF A ~—Hisil% Table 7 (57, (43 BT 2%EH) ©1-2 &
[/ 7L CHRER AT - 72,

Table 7 Primer sequences used for quantitative PCR.

Forward (5' — 3) Reverse (5' — 3)
Pactin TGTCACCAACTGGGACGATA GCATGAGGGAGCGCGTAA
IL-18 ACAAGGAGAGACAAGCAACGAC TCTTCTTTGGGTATTGTTTGGG

5. CYPIA2 DY =R%Z 7 ay MEH
FAE T, 6 V= VT L— FOK Y = DR A IRE . PBS (@2 mLiwell) T 2 B,
% PBS (5)(1 mL/well) THIfRZEX L, @bz LT ooiE (2,000 X g, 2 min, 4°C) L, &%
FrZs L7z, 1LE:Z Protease Inhibitor Cocktail %/l 7- RIPA buffer (50 mM Tris—HC], pH 8.0, 150
mM sodium chloride, 1% NP-40, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate) %/l zC
BEE CRERE L. (At L Tl DorBE (14,000%g; 15 min, 4°C) U, B3 &Ml & Uiz, Mlais

FEED & < T & BCA 1 20 Gl L7-, MINVAfRIf % 2 x Sample buffer & OIRAHAS 1:1 &
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RHEIITIRAL, 5 AL T IAERR LT, 1 L—rBH72h 20 pg OF T EOY
TNV 10%SDS ARV T 7 UNLNT I R VEKIKENCOBELT-, v=AZ 7 ay ML, 153 &M
THER] D2 LFEUGETERE I T-T-,

6. MREHENT
WRHENTIL, 56 2 FEICBI9 538k 4. LRIUHIE T o7,
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R

AT BATT DICHT=Y | #hh TAIE 2 D THE - THIEA IS Y £ L7c AASRRIRSRER gt
SYERREER ARE e SRR BILH L BT R

AWFFEDZATT DB KA THREZ 15 ) F UTc AASERICF S i B B aihil L A
ek, TR B SRR BILR L BT ET,

AMWFFED LC/MS/MS TR L, THRETAE & L7z B AR o0 FRERERI o Bralhil —fRe
B SRR L ETE T

AWFROFERIHTZY . AR THE & TEMZRY £ Ulc AASERIRYRFH JE L R Bd%. HER
*ﬁiﬁ 7&%&&:1[:‘\2))%@2%1{‘3 Li&fij}

AT 2 BT DICHT- 0 BRI D 15 TEE £ Uiz AARE RS F RS B OEARIS O DR
B L B ET,

RFET 5 b & SRR TR ¥ LIS TEAE A STttt SOt o & — SR O S A\ R
L ETET

RRIZ, ZOXDITRT DB E 54, XA T AVEFBITEGEH L LT £,

SF6 43 H
JIE  HE
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