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AR LAZBWTIELL T ORgEEZ V7,

20H-FBM:
2-PP:
ALP:
ALT:
AST:
CBMA:
CCMEF:
CES:
CPPA:
CYP:
ESI:
FBM:
FDA:
GSH:
GSSG:
HPLC:
ICH:

IDT:
LC-MS:

LC-UV/MS:

MALDI:
MCEF:
MCF-gluc:
M+ H]J":
M +K]":
MSI:

MW:

2-hydroxy felbamate

2-phenylpropenal

alkaline phosphatase

alanine aminotransferase

aspartate aminotransferase
3-carbamoyl-2-phenylpropionaldehyde
4-hydroxy-5-phenyltetrahydro-1,3-oxazin-2-one
carboxylesterase

3-carbamoyl-2-phenylpropionic acid

cytochrome P450

electrospray ionization

felbamate

US Food and Drug Administration

glutathione (reduced form)

glutathione (oxidized form)

high-performance liquid chromatography
Interational Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use

idiosyncratic drug toxicity

liquid chromatography-tandem mass spectrometry
liquid chromatography-tandem mass spectrometry coupled with UV detector
matrix assisted laser desorption/ionization
monocarbamate felbamate

glucuronide of MCF

proton adduct

potassium ion adduct

mass spectrometry imaging

molecular weight

i1



MW175:
MW295:
MW439:
MW441:
MW455:
m/z:
Nac-acid:
Nac-OH:
NADPH:

PXB-mice:
pOH-FBM:

SCID:
SULT:
SD:
uPA:
UGT:
uv:

felbamate metabolite with molecular weight of 175
felbamate metabolite with molecular weight of 295
felbamate metabolite with molecular weight of 439
felbamate metabolite with molecular weight of 441
felbamate metabolite with molecular weight of 455
mass-to-charge ratio

N-acethylcystein conjugated metabolite of 2-PP
N-acethylcystein conjugated metabolite of 2-PP
nicotinamide adenine dinucleotide phosphate
chimeric mice with humanized liver

p-hydroxy felbamate

severe combined immunodeficiency disease
sulfotransferase

standard deviation

urokinase-type plasminogen activator

uridine 5’-diphospho-glucuronosyl transferase

ultraviolet
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BEEMREICBIT 2B NI T AT I AN —DEAR, (LEMT A7 7 U —DHLTR,
NA AN—T" NRFHROMER LICEY, 540, BEZEL OLEMHRERMEME LT
Ml STV D, AIBEBRECIX 1 T LGN A7V —= ZIZ LR S, B
FEBRR EIC LDV IABMTONT-OL, HKERBRAZRETEL o< 1| DOEREL A HOF

WCAERHESND, 29 LTEEEEGONIFERRIEIEEIZBWN T, FRARRBREMRICA > THEZ
FikEd 5 2 E1E, aA MEAOABLHEE O AR K E L, BRRBROKIHEREZ 15 2
VTS DR 5T, FREAFRHLEDEEIZLE > THLEETH D,

EEAL OB T IEDJFA & LT, 1990 SR £ TIIEWENREN E2R 5K & LT
LITWZD, 2D, b MAMEZFIR L7 3EWBi B e vlRe L Zp o7 2 L 72 Elc kv,
2000 AUV B RE D UA T 00 [ K 5 D B FE IR I FRIEIZ I L7z (Kolaetal., 2004),
—5T, FomtE EWEM) BEETRHRE I L Rolofbamohicy, ZOERKE L
THEYEEDFER L T DHINZL N LB ER SN TEY (Kolaetal.,, 2004), JEWEHHED
RN OIGOTEEBZRT HEITEETHL EBZE X LND,

EIE AL DOFLmNE Y X 7 MY E R b F 8T D LTI, REMEICIATE T
RS oM@ 2 TRIL, FHlid 2 2 ENEETH D, EHKLONTFERHFE IR
REFHARIZ DT, 2008 4F I KE A dn EEFE A7) (US Food and Drug Administration ; FDA)
12 LV 3T S 47z TMetabolites in Safety Testing (MIST) | # A % > A L TR 2009 4F(Z H K EU
2= 35 IR AN [E S 2 5%  (Interational Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use ; ICH) X ¥ 81T 4172 M3(R2) Nonclinical Safety Studies for
the Conduct of Human Clinical Trials and Marketing Authorization for Pharmaceuticals (ICH
M3R2)) | A RT7A4 U TEDBILTND

IHNOHORETIE, REMAED D WITIEY)BIEYE OFIREE EIC LT 10%2# 2 51X
Iz ONTIE, BHRBICB T 2REMOBREELEE L- ET, FERKRRR TREY
DFMEFIMIZ T2 Z L NEDHNTEY, b hOEYNAHT a7 7 A VW HEED X

7L, KVLeREEL RIS S LA, I a R N ORI, BB O R

ICBWTHHEETHDLEEZOLND,



7z /b3 A— | (felbamate ; FBM) (3 1993 4£IZ FDA IZ K W AR EN72HLTAMNAEET
H Y, JbkKIZI T Felbatol® D P i 4 TH 58 S 41Ty % (United States Prescribing
Information: felbatol®), FBM D##i& % Fig. 1 12779, FBM IZEBRENM) & 7= FERG K BR
KOk MBI DERRHR CIIBEE R BHE 2 RS R olc—K, k%I FBM O 5%
ZTTBEICRNT, HERTEER O E R4 L (Kaufmanetal,, 1997), B
% (black box warning) WAM SAVD Z IR oT-, ZHUZ LY, BITE, FBM O AITEHA
PEDOTANUVEEIREL, VAT EXXT 4y FEBRELTHAEICKREGT 52 LKD

5T % (United States Prescribing Information: felbatol®)

O
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Fig. 1. Chemical structure of felbamate.

TN L DEMIE, Thhmte) & TRRRIANE M) 0 2 SIZKRBlS D, TEtEimEiei,
HEEFERH Y B FEBROF RS MIAMFRETH D, —77, FrRNEMEREY EE
(idiosyncratic drug toxicity; IDT) (%, FMEORBUHEKFENE S, F 1o, FIEMEL D
Th 2 T-DICEHYFERCHEARBR IR T 2 2 ENEEE T, EEME L TRRIN, K
DZLOBRFIHREIND X OI2o THIO TRt S5 (Tkeda, 2015), IDT IZ K 57l
AN = AL L TUIRARENZNE 0D, D7 EHLITICRT 3 DOHEKRHE
HELTWs&EZLBNTND,

O FEWER : SUSHEREY & KT 2 RSO @O 2 KN TAEMRT 5 Z &I

%,

@ BRIER : EHRBIEEL T AR— 2 —, ZHREZ L OB 2RIk,
@ BRETER : SATEOIEN, BOE, WS oA TS EE I HOR,
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ZO3EHEMEEMCEE L TRIETH DO EEZLN TS (IHHES, 2006) (Fig. 2),
Z O THRICSUSHERE O AKX IDT ORBUC G T 2 EHE RN TFTHLH EBE X O
THY (Parketal, 1998), S DOBIZERHZEIZIBW T, BUSTEREO & MFHIRE~D
WHERABEZIEICHEEY 27 Z5Hli T 5 FENIY AfLHit T % (Nakayama et al.,

2009),

Drug factors

Reactive metabolite
(Chemical structure, Dose,
PK, etc.)

Lifestyle
(Food, Obesity,

Alcohol, Smoking, etc.

Genetic polymorphism
(Enzyme, Receptor,
Transporter, etc.)

Genetic factors Environment factors

Fig. 2. Three factors of IDT

IDT I L Dt 2 B4 2 A ofF| & LT, WAREESRETH % halothane 73%5 1T B4
%, Halothane I%, 10000 A~100000 AIZ 1 A&\ 9 BHEETY L)L —METFRRE 2 F80E 3
5HZENMBEN TSN (Park etal., 2005), Z DRFFEE L, AT T cytochrome P450 (CYP)
2E1 2 X 2 AREAIIEME L 2 52 1 TAERCT 2 BSOS ARSI trifluoroacetyl chloride 73, # >
NRIBaR NI IZAVFAaT B F /L THRMEZ R T Z IR VG EREZI SN EEZEXD
NTW5 (Parketal., 2005 ; Satohetal., 1985 ; Walgrenetal., 2005), 7=, HHRWIDA
VAV RIS R IR TR SE & L CHKFE S L7z troglitazone 1, B & & To B 7o T B
FHOFAEIZEY, BENODOT NI FETHHMOES S 2 & & 72> 7 (Walgrenetal., 2005)
Troglitazone |Z & 2 F#MEICIE, v~ 7 B VEBRERDF ) ol F Ly ROF ) A F RO
FOSHEREY), HHWETFT V) P UF VBERODANLNT = VR A VT R —
MU D FOSHERE RSB G-$ 2 Z & AR STV % (Kassahun etal., 2001 ; Smith, 2003 ;

Tettey et al., 2001),



FBM (2 L A2 HF@EMED, EWoGES ThH 2 HFIgIcB W T, Kt Em 2 A k3 5
ZEICEVRAETAIDT THHEEZ LN TWDHDOD, FBM ORHHCE 5 k%
G, EOFEMIZH ST > TRV, Z 2 TARBFFETIX, FBM O SR A%

A=A LOH KON D Z47: FBM OGKRER~OEBRZ BRI E L THRa 2 550 L
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FBM O GERRER T, [“ClE:#k FBM ([“CIFBM) & H\\\ /=~ AT ZARBRIZEB N T,
FBM O & LT, FBM OERLAHIZ L 0 4T 5 2-hydroxy felbamate (20H-FBM) &
% p-hydroxy felbamate (pOH-FBM), % 7= FBM D /Ky fRfCitic kv L+ 5
monocarbamate felbamate (MCF) &, MCF 23 BAZFR LA 2 5 1 CTARK T % 3-carbamoyl-2-
phenylpropionic acid (CPPA) @ 4 SDORE A EIE 4172 (Adusumallietat.,, 1993 ; Yang et
al., 1991), TIHRTIC FBM &5 L7 BHICBWCHEERFHFEENFE LI Lonb, K
& DO HFRHEY Z & D7 FBM OREIWICEET 20817, £OH T, MCF 25
CPPA #4352 F COMICHREMAHDE L TT LT B REDORH#Y 3-carbamoyl-2-
phenylpropionaldehyde (CBMA) N7FfE9 5 AIREMEN RS X472 (Thompson et al.,, 1996),
CBMA MERKT D &, B BERLSISIZE Y, a, B AEEFIT /LT & RCToH S 2-phenylpropenal

(2-PP) WAERT HEZEZ LN TWD (Thompson et al., 1996),

o, BAEIFIT VT B Rid, PUEMEIEESE cyclophosphamide D) T 5 acrolein (21X
REND I, —AIEFIZEm W REF ML RT Z LB TS (Dieckhausetal.,
2002), Thompson & (1996) 1%, FBM } O} 2-PP % & Te#E5 D FBM itz &Rk L, invitro
THIREZFEEZREI LI s 25, 2-PP OMIEEEEMELS S > & b &<, 2-PP OMfafESE
EME, o, pARBIFIT LT B RToH D acrolein X° 4-hydroxynonenal & H#E L C & b
Sl ZHHELTWD, E£72, 2-PP 1LY FEFEE WL T glutathione (GSH) & B GITKS
L, GSH & DA HREENKT 5 2 L AHE STV (Dieckhaus etal., 2001), 29 L7
HMaEE A, BUE, FBM IZX D FattORBUII USRI & LT 2-PP 235 LT
WHEZEZ BTN,



["“CIFBM % W=~ AT U ZBBRITINZ, T DHD in vitro iREROFEFR LI £ 2 C,
HI/E, FBM OfUEHREE & L CiT Fig. 3 IR TRERE A HEE STV 5,

FBM I35 —E:ME H O & LT, Bfbd 23k fifa = F, BER#HIZL Y 20H-
FBM & O'pOH-FBM % £ % L, A3 fRACHIC X W MCF 2453 % £ & 2 54T 5 (Fig.
3), RGHER#HTH D 2-PP 1%, MK L0 ERT 5 MCF 20 LCTARKRT S 5%
55 ZEND, FBM OREAHIC X 5 20H-FBM K& O pOH-FBM DAk, SGPEFCHT
MO Z R L, MKDEIZ LD MCF QAT SR O R 2722 03 5 AREHR
BEThHLEBEZADND, LLRRL, ZAbORBITHEEGT 2 MR IOV T
INETDE ZAHTFRBERIN RS TR,

% ZCARETIE, FBM OGHIES 53 2 W RE A O TH6 2 L2 HE LT
in vitro {XHTERER 2 Fhi L 7-,
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Fig. 3. Postulated metabolic pathway of FBM
(Dieckhaus et al., 2001, 2002; Kapetanovic et al., 2002)



[-2-1)  Ab&EWY M OFREE

FBM [ Sigma-Aldrich VA L7, FI/7 vy —A (e b, 7 v b, ¥7 &) [ Xenotech
FOBA LT, NFany o VAR A ilad kEfe b CYP 0 FHEFEEARI /7 n Y —
2 (CYPIA1, CYP1A2, CYP2A6, CYP2B6, CYP2CS8, CYP2C9, CYP2C19, CYP2D6, CYP2E],
CYP2]2, CYP3A4, CYP3A5) KRUNFanv v /b ARG R HH RS e b
carboxylesterase (CES) 7y 7fi%8i23 7 1 Y —2A (CESIb, CESlc, CES2) (% CORNING
KX VAN L72, NADPH-regenerating system reagents | BD Biosciences £ Y A L7z, £ Dfils
DOFRIE R ORI & diE ik 7 v~ k772 7  — (high-performance liquid chromatography,

HPLC) M & %V MERpk O illiin 2 Fv 7,

[-2-ii)) B2 7 v Y —2a%Huviz FBM O ER

bk, vy PR UAFI 7 m Y —b (BEREEL LT Img/mL) ZEEEJH, NADPH
AR & LT, PBS (pH7.4) F1 T FBM (&R & LT 10 & 5N 100 pmol/L) % 37°C
FETIZTO, 10, 30, 60, 90 KO 120 sl SH7z, OISR EFEOKMD LT |k
= RV AERINT S Z & TRIGEEIESE, 4°C, 3000 rpm T 10 SO0 8L 72, EiE
BT 4 VA — % D CibEim %, I8 2 HPLC (Agilent 1290 Infinity, Agilent Technologies)
|Z Orbitrap & f/y 744 (&  (Orbitrap Velos Pro, Thermo Fisher Scientific) % #f5¢ L 7Rk 7 &
~ NI T T 4 —F T NE RSN EEE (liquid chromatography-tandem mass spectrometry, LC-
MS) 2 AL, positive ion mode |2 T FBM, (LA Td H OH-FBM K UK 73 fif Gt
<o D MCF ZHIE LT, 87 A% ACQUITY UPLC BEH 18 (1.7 um, 2.1 x 100 mm,
Waters) % FHV 7z, BEVEIZIE, XU QK : £/ (1000 : 1, viv) (BEMHA) &7k h=
MUV FEE (1000 : 1, viv) (BEME B) MWz, BEMEOAERIX, HA% 0min 205
3min £ CREIME B OFEAZ 5% D, 3min 205 12 min £ T 5% 5 70% % TEARAYIZ



FREYE, 2min2»5 15min £ T70%E—TEE LT,

[-2-iii)) CYP MM CES 38R X 7 1 vV — A& W= e O st

b hCYPREAIZ Y —2h (RFEEE L LT 100pmol/mL) 5\ It ~ CES #I%
I y—h (EEREL LT 1 mgmL) ZEHEJE, NADPH Z gk & LT, PBS (pH
7.4) HTFBM (RA&IREEEL LT 10 pmol/L) % 37°C, 120 ZrfBUG S /72, 120 531212
JOHE & FEREOKG LI B b= MU AVEZRINT 5 2 & CRISZEIE S, 4°C, 3000 pm T
10 syl OBt Le, BIEZET ¢ v & —Z2 W T OlEim %, I8k 2 HPLC (Agilent 1290
Infinity, Agilent Technologies) Z Orbitrap & &7 #7324 E  (Orbitrap Velos Pro, Thermo Fisher
Scientific) % #fi L7~ LC-MS IZ{EA L, positive ion mode |2 THfFT 5 FBM =4 HIE L
7o Z3HT AT A% ACQUITY UPLCBEH 18 (1.7 um, 2.1 x 100 mm, Waters) % 7z,
P2, XU Q/K i (1000 : 1, viv) (BBEMHA) &7 F=FVU/L: e (1000 : 1
viv) (BEHE B) ZHWe, BEIFHO AL, EA% 0min 705 3 min £ THEMHE B OFIG
% 5%, 3min 205 12 min £ T 5% 5 70% % CEARMIZ EH X4, 12 min >5 15 min
FTT10%E—TEE LTz,

CYP KO} CES BRI 7 1Y — L& AWy REEEE OGS (1-2-1ii) ICBWT, A
EZDEIL Dunnett fEIZ XV Efi L7z, p ED 0.05 Kiiti 2 Hert B AR & A7 LT,



HIH R

1-3) 78 Y—2L%H0z FBM ORGSR

FBM (10 pmol/L) % NADPH Of#fE F Tt MFI 7w Y —2aL 0, 10, 30, 60, 90 X

120 3[4 v F 2= a Lkl h, 70 Y—LHFDFBM O&EITA VFaX—T 3
VI OB > TR T T 2 23R S vz (Fig.4), ZORERERNE 2, AR EER
T UEDEATND EBEZX DDA U FaX— 3 VIRFH] 120 47 CHEME L7z,

12 1
—~10 0@ L
8 ¢ o ©

FBM
(nmol/mg protein

0 2IO 4IO 6I0 8I0 100 120
Time (min)
Fig. 4. Time course of in vitro metabolism of FBM in human liver microsmes.
FBM were incubated with human liver microsomes in the presence of NADPH
for 0, 10, 30, 60, 90 and 120 min. Amount of FBM were monitored by LC-MS.

Data represent the mean + SD (n=3).

FBM DK ONIK G FROFEZEZ DWW TR 5720, B b, 7y FRO~ TR 7
0 Y —AhE TR EIT- 7,

FBM (100 pmol/L) % NADPH DIFEF Tt b, 7y PO~ T AfFI 7 1Y —Ah & 120
DEA Y Fax—aLicklsh BTONIZ7 Y =200 6BRbIE TH S OH-
FBM 23t &7z (Fig. 5). F£70, MRS TH S MCF i3k hE~ T ZXDIFI 7
7Y — AR SN—7, 7 MEI 7 ey —ahhbidkt Shienorz (Fig
5)q
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Fig. 5. In vitro metabolism of FBM in human, rat and mouse liver microsomes with NADPH.
FBM were incubated with human (upper column), rat (middle column) and mouse (lower column)

liver microsomes in the presence of NADPH for 120 min. Formation of OH-FBM and MCF were

monitored by LC-MS. N.D.: Not detected
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W NADPH OFHGFETTE b, Ty PR~ A7 a0 Y —h&EHAW RO
ZiT->7-Z 4, OH-FBM it , v b, =T AVWTNOFIZn Y —LAHns S
7oz (Fig.6), — 5T, MCF [Zfgta{To72 2 TOFI 7 Y —AadhbiHEEn

7= (Fig. 6),

100+ 16 51 NL: 2.50E2
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] 255 0963-255 0988 F
8 80 FTMS + p ESI Full ms
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E 60d 17073104
B <
< ]
2 40 ‘
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. I
NL-0
Base Peak miz=
255.0963-255.0988 F:
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NL: 0
Base Peak m/z=
255 0963-255 0988 F-
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R
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2 ] 31
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< 7
£ 404
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x 20
] 570 g56 10.00
E h & A
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Time (min)

Fig. 6. In vitro metabolism of FBM in human, rat and mouse liver microsomes without NADPH.
FBM were incubated with human (upper column), rat (middle column) and mouse (lower column)
liver microsomes in the absence of NADPH for 120 min. Formation of OH-FBM and MCF were
monitored by LC-MS. N.D.: Not detected
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FBM % NADPH OfFfE FROFEFETF T b, Ty b, ~URAFI/nY—2at A%
2_—3 g LT2BEED OH-FBM & O MCF @ LC-MS T2 BT 5 v — 7 HifEfE % Table 1
\ZRT,

Table 1. Comparison of MS peak area of OH-FBM and MCF in human, rat and mouse liver

microsomes with or without NADPH.

. . Peak Area Ratio of Peak Area Ratio of
Eq':ltc;?i';asl Species Cofactor e g?_?:;g,ﬁ 2l OH-FBM L= Pe:\jlc(;?rea & MCF
(Animal/Human) (Animal/Human)
Human NADPH 119691 1 4843 1
Liver
T Rat NADPH 329660 2.75 N.D.
Mouse NADPH 338606 2.83 5909 1.22
®
. . Peak Area Ratio of Peak Area Ratio of
Irgr:gltzgiﬁgl Species Cofactor c g?_'a:igﬁ 2 OH-FBM i Pel\j Ié?rea el MCF
(Animal/Human) (Animal/Human)
Human - N.D. - 6937 1
Liver
MICroSOmes Rat - N.D. - 3895 0.56
Mouse - N.D. - 7316 1.05

FBM were incubated with human, rat and mouse liver microsomes in the presence (A) or
absence (B) of NADPH for 120 min. Formation of OH-FBM and MCF were monitored by LC-
MS. N.D.: Not detected

Eh, 7y RO~ TAFI 70 Y —2xAVcRitics e, Bt cdh 5 Ol-
FBM (X NADPH OfF/E F TR &, ZOAREILE e LTT v RO~ 7 2 TH
3IERERWZ ERH LN L7 (Tablel (A)), OH-FBM (X NADPH DOFE(E(E T Cldfk
HENT, £72, Ik RAHY T 5 MCF 1Z NADPH OIEFE FICB W THETOR
7Y —Afipbit &7z (Tablel (B)), & 612, NADPH OFFE T K OIE(F(E FITH
WTAER L MCF OB —Z7 HEEZ LTS L, WTFhOFI 7Y —AIZBW0Th,
NADPH 17 T & i L T NADPH OFFAELE FIZH0 T MCF ORI A 2 7= 3 2
EERE ST (Table 1 (A), (B)),
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INHORER LY, FBM OLREHNZIX NADPH % 3 & 3 2 b REEEE & L CTIAL
HHINTWD CYP 3BE- L, MR ARAEHIZIZ NADPH #4028 LW 7 v h— A5y
ZJRTET DMK RS & L CIL< F b T % CES 2B 5-3 5 alREMEN RIB S vz, &
7=, BALAREI N = 572 & B 2 55 NADPH FEME7E F DSIEICHU T MCF DR RS
HWhMEm 2R L7z 2 & s, BEREE S D 2 & T 2-PP DARRIZD7273 %5 MCF @
ARSI D Z & ARIE S LT,
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[-3-ii)) CYP K ONCES ZHLR X 7 1 Y — A& W= 3 E O Rt

FBM Dk Kk QMK IR 59 2 AR OV T E HITHmFTT 5729, b b
CYP#BIRI /Y —ARKOE F CES HBIRI /v Y — A& W THRHAEITo T2,

FBM (10 pmol/L) %t FD% CYP pffA I IE-I/nYy —LtfrFa—
g Licd TA, 120 531D FBM OFfFfEIL CYP2C8, CYP2C9 &N CYP2EL FHL I 7 1

V—ALTHEIZIKT L (Fig. 7).

140
120

100 |---~-§-Q-----@%----- ---8-

(o]
(]
*®

Remaining amount of FBM
(% of control)
o [2)]
[an] [an]

]
(]

> O O 0 N O o
D SN ) DMV o\ e

Fig. 7. In vitro metabolism of FBM in recombinant human CYP expressing microsomes.

FBM were incubated with human CYP1A1, CYP1A2, CYP2A6, CYP2B6, CYP2CS8, CYP2C9,
CYP2C19, CYP2D6, CYP2E1, CYP2J2, CYP3A4 and CYP3A5 expressing microsomes for
120 min. Remaining amount of FBM were measured by LC-MS. Data represent the mean +

SD (n=3). *p<0.05 vs control microsomes.

*72, FBM #t FD4 CES o fHZzREIELI/ny—Lt M FaX—aL
=LA, 120 55% D FBM OFEfFEIL CESlec B I 7V —AICBWTAEICIK T L

(Fig. 8)
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Fig. 8. In vitro metabolism of FBM in recombinant human CES expressing microsomes.
FBM were incubated with human CES1b, CES1c and CES2 expressing microsomes for 120 min.
Remaining amount of FBM were measured by LC-MS. Data represent the mean + SD (n=3).

*p<0.05 vs control microsomes.

PLEDOREEDS, FBM OERBARHIICIZ CYP2C8, CYP2C9 & X CYP2EL 2385 L, Jn/k
S EACEHICIX CESle 575 Z EVRIB X Tz,
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oA H /MG

AREETH, FFRZ/nuY—2A, B b CYPBHHZIZ 0V — LK CES BHAI /0 Y —
2% JI T FBM ORI B 53 5 M RBIRER O M 21T - 7=,

P 7 vy =L HWIcBREHc s n T, B TH % OH-FBM L NADPH OFFEE T
THEMT S —J, NADPH OIEFIE FCIHAERK LW EBA LM E 7 -7 (Fig. 5, Fig.
6), F7o, MAKDSHAHY TS MCF 1Z, NADPH OIEFETFICB W THAERKT S Z &0
R &z (Fig. 6), 2N HOREFE LY, FBM OELAHIZIZ NADPH % %5 & 4 2
BT D CYP, MK FRCHICIZ NADPH %2 %% & LW UiiESE T 5 CES o5,
RIS Tz,

F£72, MCF OAREIX, NADPH f#{E N &L T, MU EZ niZ2 6h
% NADPH FE/A7E FIZBW T 27~ L7z (Table 1), AMFFERIZIHBNCIE, I 7 m Y
— LTRSS CTo 5 2-PP 13 S 4L TV 72\ (data not shown), 2-PP 23 Fig.4 |2
AT ZEMBOMGERTERT 22 L0, 2-PP OUSHERFE W 2B E 2 5 L
(Dieckhaus et al., 2001 ; Thompson et al., 1996), in vitro 5 FC2-PP i L, T DL
a2 2 IR TH D B X HiILD, Lo Leh b, NADPH JE{F(E FC MCF @
ARSI U 72 A5 5L, FBM 2 #¢ 5 L72BRIC, (] D OB CELR#AAEFE SN D &,
MCF OARENHEML, 2-PP OHEIMNZORN 5 A fEEEZ REL TVNDHHDEE XL 2N
72

S H{Z, MCFZt MZFBWT NADPH OfF(E F TR S TWD —J7, T v MZBWNT
I NADPH OFFE F Tl S Tuviewy (Fig. 5. ZORHRIE, 7 v MIBW Tl E
DRFUSLIET T, AR IRAHNC e TR DM EAL IS\ N TN D Z L 2RI L
TS EEZBIL, TOZ LN, FBM OFMERBRICHE W TIFEER RN SN2 hoTc 2 &
[Z—H#EAE- LT\ D ATREMEDN B 2 LT,
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E R CYP KO CES BHARI 7 v Y —LE HWIZHRFHIEWT, £ F a2 X— 3120
/3% D FBM OFE(FEIT CYP2CS, CYP2CY9, CYP2E1 3B 7 v Y — AKX CESlc FH 2
rua Y —ALTHEIWIKT L7 (Fig. 7, Fig. 8) , ZAUH OFER X 0, FBM OFLAEIZ CYP2CS,
CYP2C9 Je T CYP2EL 23R8 5- L, MUK RGN CESle "G T2 bDEEX bz, £
7=, CESlc 40 L7 MK fEA#H A3 2-PP O/ERIZBIS- L, CYP2CS8, CYP2C9 K& TF CYP2EL
A LT BRALARETDY 2-PP DAl % [aliE 2 B A fREHRIE & 72 D 2 L VR Sz,

— RN, ORI G DB 2 BRE D883, BMEROERCS FREBHR
WA T 5, AR TIE, o FHEBEHEATHLE b CYP LN CES HBBLAI 7
a Y —AhEHN TR EITo72, Glue H (1997) 1% CYP ORHEA|Z AW 2fito 5, FBM
DRFHNZ CYP3A4 KO 2E1 G T 5 Z L 2#E LT\ 2, AIFJEIZIV T, FBM OFAF
X CYP2El BELI /70 —LATHEIZE T LIZbDD, CYP3A4 HBLI /7 oY —ATiX
KT Loz, ZORBECOWTIIBIED L ZARHATHL DD, CYP HILHRE CYP
BREEFA] & 9 T ORBRFTIEDENRFRR TH 5 AR EZ NS,

ZIVETOMGEN S, CYP2C 3 FFEOBIBUNIFEAZNHDH Z ENMLATEY, B M
AT > BE TIE Cyp2e ORBLENE <, T > HWEHIZI W TIX Cyp2e 73 F 722 SR
R CTH D Z ENHESN TS (Martignoni et al.,, 2006), Z D X 972 CYP2C 4y fFED
FHEDEWD, P70 Y —AZHWTEHBFIIBWT, B FEeERTT vy RO~ T R
T OH-FBM O EN L o7 Z IR L TW e rlREMEN B 2 1D (Table 1),

CESI i3t DTl ik & B8 ITAFET 2 EM IR D 1| D ThH D577, CES2I1FEI
INBIZHBL L TWAH Z ERfE SN TS (Di, 2019), 5T, b MIIBWTEMAEFDUH
# & [ U R B9 5 CESle #4 LC MCF /B2 b D L& 2 HivTe,

AMFFETIZ FBM OANK R B E-3 2 F - $¥ED CES 43 FREIC OV TR L T
W, FTo W ETIRE P EEANTEL O CES 0 FRAFEELL TWVWD Z &% (Di, 2019), & |k
E AT o 8¥ED CES OFHFIMED 67-77% Th D L HE SN TNWD Z L 2 HE 2 5 L (Taketani

etal., 2007 ; Hosokawa, 2008), FBM DII/K3A#IZBI 57925 CES O FHilE, & F&iF -
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WEHTRRDIWEELZ X DD,

CYP2CY (/LI T ZBFET H 2 EMNA S TE Y, tolbutamide, phenytoin, warfarin
&, BRa REMORM P BIn FEHOREEZ T 5 LA HE SN TS (Goldstein,
2001), F7- CES OIEFMEIFEARM AN RKRE W L3 b TS (Di, 2019),

ZOXOEREMEZ DL, FBM O HIZ X2 2-PP O/4RIE, CYP2CS, CYP2CY,
CYP2El %4 L= AVER, CYP2C9 Difn1-%%!, CESlc iEED IR 22 1
KO EEEZZ T HAREREZOND,

7> T, FBM OEGIRME HIZ 35T, 2-PP DRz 195 CYP2C8, CYP2C9 & TN CYP2EL
TRE SN DHEY & OO, 2 \WIE CYP2C9 DiEfs T £ &2 43 % B ~D B 513, FBM
(R DATEMED U R 7 BRI 72 % ATREVEDS R S HLT2,
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FIE b M X 7~ 22 W= FBM ORI 7 0 7 7 A L & OF 2 E A

i
=
=
i

—RHINZ, FEMDOE MTBITLAREM T 07 7 A V2 ET 2720, b MR
Z W invitro fREFRBRPTON TS, LML, ZOFEICLD e MEHO THIREE
X, Bk, #Eioie EOE ARG T 50-69%, V7 v UG, WA 7 E D2
FRHLUS T 47% TH Y, FRICZEPEDORIS 2 # M L TAERMT 2 G O T RIS R
ZENHE SN TWS (Dalvieetal., 2008),

FBM [ Fig. 3 IZ/R TV, 2-PP 230 7% < ORI H 1 AHREIIS, 5 2 FREK
I8 E BLZBBE ORI LV AR T 2 &2 6N TEHY, v MM Z HWZ in
vitro R 51%, FBM O & N TOREW 7 0 7 7 A V&2 +5310mGET 2 2 L3 L v
LEZIBND,

t MCBITLREH T 07 7 AV ERET 5 H51EE LT, FFE, & MEBWET L TH
e MElEax A7~ 2 (PXB~ U A RSt T == v 7 A0 4) & W TE)

1}

B MESN TS (De Serres et al., 2011 ; Inoue et al., 2009 ; Kamimura et al., 2010 ;
Yamazaki et al., 2010),

PXB ~ 7 A urokinase type plasminogen activator (uPA) En &~V AT )T I T
NPT AT, BRI B S5 2 & TIHEHEZRIE LI wWPA v U R L&, 7
EARAEDOME %49 % severe combined immnodefiviency disease (SCID) ~ 7 A Z#h i+ &>+
52 ETC, JFREE L REARLOME E RO uPA/SCID v U A ZERR L, ZDO~v 7 A%
RARELTE FOFMlEZBET 5 Z & TEM S LD (Tateno atal., 2015) (Fig.9)., PXB
<7 AZBWTE, < U Ao KRS e MIFIICER S TRY, ZTOBREIT
K 80% L HitE X T 5 (Tateno atal., 2015)
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( )

Human
Hepatocytes uPA/SCID Mouse
o (o —{@v— tev
© ’ — e vV
Liver injury Chimeric mice with
Immunodeficiency humanized liver

Fig. 9. Production of chimeric mice with humanized liver (PXB-mice).

ZINETOWIEIZLY, PXB v~ RIZEIT5H CYP GBS LT uridine 5°-diphospho-
glucuronosyl transferase (UGT) <° sulfotransferase (SULT) & U5 7= non-CYP fU#%E SR D3
BLLALROTENEIL, B FEFRBETH L Z LA HE SN TEY (Katohetal., 2004, 2005 ;
Katoh and Yokoi, 2007 ; Kitamuraetal., 2008 ; Nishimuraetal., 2005 ; Ohtsukietal., 2014),
PXB v 7 ALt MBI 23EpEieL FHlIT 57200 MEBET L E L THEBRINT
W5,

F£72, Kakuni & (2012) 1%, b MIBWTHOMEREICER S 2 IDT 2 X0 FEMEE
FIET D &EZ BTV S troglitazone % PXB ~ 7 A 25345 Z & T, ALT LTNAST O
EADBRABI, PXBYURIZEBWTHBEENEBELLIZZ LaWmE L TWD,

INODOMEEBEZ S L, PXB~ T AL MBI D RISHEREY O LKA LI AT
HEEZFHMNT 5 ETHEARE MEBMET VTR D LB X BN,

FBM (%, ZOHEERHREH (Fig. 3) XV, SUSMERE TH D 2-PP BNEM LD B,
GSHGZ2TH LHEESND, LU D, USHERE O LD O T EE DR ELC
BHLETDOAN=A L%, WIKTE FOFFEAZ AW CTERICME S 5 2 LITNETH D
ZED, b MNFEEAT D PXB ¥ 7 AL FBM OFMEA B = XL EfEHT 5 ECHAZR
YET N ERD ZERHIGIND,
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W g |2 52 5 B A BN CEME T 2 ik L LT, T, MR ARV B &
GiMTA A —3 71k (mass spectrometry imaging, MSI) 7237F%H 41TV % (Nishidate et al.,
2019), MSILiZ, & FOAEKHEBEZWNIC X VIS ONTZBRT T, b2 WITE Ol &
D YRR S LD MRRE T 2 BT 5 2 & T, BEHICE T o YA RNE &
A F AL, ZOMBEHEREIETT —FIWET LI LICRY, FEYSEERNDE DR
w5 FETH D (Fig 10),

MSI TlIA A b SnienF 2B RESIHEE TR 5720, WESRWED m/z 1355
iU, EREAVD Z L MBT CONMERMT 5 Z L RFRETH D,

ZNETIEMSI ZHWIERFHZ LY, EMROZEORBIINA T, AEREME TH DY
VNEE DA P AT RETd o 72 Z & (Sugiura et al., 2010 ; Takai et al, 2015), A
OAEEHMBEZEIC LB N TV EANT, NRMEWERA 7 7 F 20 A ) ¥ b—
VDG, DS AR & TR 0 2 0 TRRET IS FTRE T o 72 Z & (Gotoetal., 2014 ;
Kawashima et al., 2013 ; Shimma et al., 2007), F£7-, FFFEMEMFRHELEIRFIE pirfenidone
BGRICEB T D EENAA A~ — I —DRER AR TH T Z LR EPRESNTND

(Sunetal, 2016),

MALDI-MSI
i (Visualization of drug and
endogenous molecules)

lonization

Liver section on slide glass

Fig. 10. Overview of MALDI-MSI.
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TH LT EAERE 2, KETIE, PXB vV A& HUWT FBM ¥ 5% 0{Em a7
7 ANEFMTSHE L BT, MSI 2T FBM OB 525 K OIFIEIZ 52 5 8250
TS EITo T2,
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1-2-1) A& M OGEE

FBM (% Sigma-Aldrich & %\ % AK Scientifics & Y A L7z, 2,5-dihydroxybenzoic acid
(DHB) [FHAELA T L VA Lz, £ OO OIS HPLC H & 2 WM EFsk o
MRS & 2,

II-2-ii)  SEER#EY

PXB ~ 7 A%, Tateno 5 (2015) O HFIEIZHE-> TIER Sz, EARMIZIE, cDNA-
uPAVIYYSCID v 7 AZ AR A M &L, b FOfFlild FF—& LT BD195 (BD Biosciences) %
BT 52 LICEVERR LT, EBRICITmEH O F7 V7 I U RED 7.0 mg/mL DL EO
HEVEDORRE VT2, PXB ~ 7 ADVERE MEEM O S, SMIIAatt 7 ==> 7 &
A AN THRGE SV FEBRE I - TEE Sz,

[1-2-iii) PXB ¥ R|ZEBIFTH FBM O~ 0 7 7 A Vi

FBM % 0.5%7 /LR A F /e — R 2 L C 600 mg/10 mL/kg T PXB ~ 7 A |Z
PG L, 2 KR o ek OB A SR L 72 (0=3), ATlEE PBS (pH7.4) LIEA LT
20%AKRETFR— AP LT, BMBEL D 20%FRESR— M I AEERETORE L,
T VIR YT — VR E VR — M TG L7 (n=3—1), 7 VIR OV —
MFFREDR— M T ZEEO T h= MU LZEIL, 4°C, 3000 rpm T 10 57 [HE
ODBELT-, BIEER T V2 — % AT D%, K% HPLC (Agilent 1290 Infinity,
Agilent Technologies) |2 UV &% & Orbitrap B &/7H7%5#E  (Orbitrap Velos Pro, Thermo
Fisher Scientific) Z##ft L2k v~ N7 7 7 4 — &% 7 NEESHTEE (liquid
chromatography-tandem mass spectrometry coupled with UV detector, LC-UV/MS) (Z{FEAL,
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e 210nm (2 31F DO K& TN positive ion mode (& T H A7z FBM M OMU#) O ks 28
BEE MSMS 777 A FOE#RE S LITHEZHEE LTz, oW 7 413 CAPCELL PAK
CISAQ (Bum, 3x250mm, &4H) & H\=, BEIMEIZIL, VU QK : ¥ (1000 : 1,
viv) (BEIfHA) &7 b=k UL E (1000 : 1, vv) (BB B) M7=, B
A, EAE 0min 725 10 min £ THEIME B OFG % 0%I(2 kD, 10 min 75 95 min £
T 0%0 5 95%F CTEAMAIZ EF- S, 95min 705 100 min £ T 100% & —E & Lz, A
ENZBWT FBM M OB ORI HW =72 ~ AHIAM + HY D m/z % Table 2 12
G I

Table 2. List of m/zused in metabolite profiling study.

Analytes Ion mode m/z
FBM 239.10263
CBMA 194.08117
CCMF 194.08117
20H-FBM 255.09755
pOH-FBM 255.09755
MCF Positive 196.09682
MW441 442.16425
CPPA 210.07608
MCF-gluc 372.12891
Nac-OH 298.11076
Nac-acid 312.09002

[1-2-iv)  MSI Z 7= GSH OZE iRt

FBM % 0.5% A F /L)L a— A28 # L T 600 mg/10 mL/kg TPXB~ 7 A OEH L,
24 IEf % Ol Z2 BRE LTz, TFligx R A4 7 A4 A CoifsE L, 7 7443127 1= h—2A (CRYO
STAR NX70, Thermo Fisher Scientific) |ZC 10 um OJE &2 Y) U CHURE Y R 2 1ERk L 7=,
~ bV w7 AP L —Y—ilfE A 4 {b (matrix assisted laser desorption/ionization, MALDI)
D~ r) w27 AL LTDHB % 0.1% MU 7V F aHilEE A 50% A 2 ) — VEHRICER LT
BRSO Bz L, MSI ot 7 e Lz, < b U v 7 R84 OWFENITE T
% Solarix XR (Bruker Daltonics) (ZT434T L, FBM, FBM XK OWNRHEMEME D 446 %
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fiftAfr > 7 b fleximaging (Bruker Daltonics) (2 CEfE/L L7, MSI 54T IZ3 W CHIE SR O

BRHUZHWIZ A U D DA A AIARIM + K]0 m/z % Table 3 (2739,

Table 3. List of m/z used in MSI.

Analytes Ion mode m/z
FBM 277.0585
2-pp 171.0207

Atropic acid 187.0156

MW175 214.0265

CPPA 248.0320
Oxazine-dione 230.0214
CBMA 232.0370
CCMF 232.0370
20H-FBM 293.0534
pOH-FBM o 293.0534
Positive
MCF 234.0527
MW295 334.0510
MCF-gluc 410.0848

MW439 478.1045

Nac-OH 336.0666

Nac-acid 350.0459

MW441 480.1201
GSH 346.0470
GSSG 651.1151

Ophthalmic acid 328.0905

[I-2-v)  FBM % # 54 OJFHERE/ N T A — &% —FFill

[1-2-iv IZB W T FBM 25 L7 PXB v 7 A L 0 it Z2 8L U7~ 15 57 st % gk

b Hrd4E (FUJIDRI-CHEM analyzer, & =74 /L A) T34 L, alanine aminotransferase

(ALT), aspartate aminotransferase (AST) /% U\ alkaline phosphatase (ALP) % #|E L7z,

I-2-vi)  ACEHEHT

FBM % % 5% ORFEEE X T A — X —F i (I-2-v) I[ZBWT, FEEZORTEIT t BEIZ X
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Y 32 L7, p DS 0.05 Rl 2 HatAICA R & A7 LT,
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HIH R

[I-3-i)) PXB ~ D A|ZHBIT 5 FBM OREW 7 0 7 7 A /L

FBM % PXB ~ 7 A2 5% O it % LC-UV/MS 5341 L, FBM OR# 7' 0 7 7 A v %
PR L 72,

FBM Z #5440 UV 7ua~ 7 J 510, mEFEHRNHIE FBM KOG & LT OH-
FBM, CBMA, CCMF, MCF, Nac-OH 73t &7z (Fig. 11 (A)), £7z, flittar 427
n~ h7 7550, ZnbOMEMITINZ MW441, CPPA, MCF-gluc, Nac-acid 23FiH &
N7 (Fig. 11 (B)).

(A)UV Chromatogram
CPPA
(trace) "
MW441 l/FBM MNac-OH
1
20H-FBM or pOH-FBM ~ (12¢€) .

10000000 [ .

] | Nac-acid
sooo000y (-2 | MCF-gluc (trace)
8000000 || (trace)
P l CBMA or CCMF
£000000]

= 13.55
50000007 631 I

1 zlas f | il
Jomonog ﬁ | [ \is2e12 11g )

= SWDOUOE_‘ v
EY E |

2000000 | |

E bW ot 3657
‘WOE I 1l 636737 7.93 I\ 122 2040 2247 2396 2689 295 .y 33 DE—

0?—‘| rJu! 1192
1000000 |
-zoooouué | W
-3000000%
4000000%

1 I T ) v I ) T L I
5 10 15 20 25 30 as 40 45

Tirme (meén)
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(B) Extracted Ion Chromatogram
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0 MCF-gluc } Dosed
©  (m/z=372.12891) -Lw
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Fig. 11. UV (A) and extracted ion chromatograms (B) of plasma from PXB-mice.
FBM were orally administered to PXB-mice at 600 mg/kg and plasma samples were colledted
2 h after administration. Trace: detected only by MS.
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RIZ FBM % PXB ¥ 7 A GHZDITARE YA — & LC-UVMS Z3fr L7 & 25, UV
su~ 77550, FBM Bt &z (Fig. 12 (A)), £72, iAo~ o7
L&Y, FBM TN TG & LT CBMA, CCMF, OH-FBM, MCF, MW441, CPPA 73
&7 (Fig. 12 (B)),

(A)UV Chromatogram
20H-FBM or pOH-FBM
13.87
(trace)
! CPPA
Ak MW441 (trace) FBM
45000007 FCBMA or CCMF [ (trace)
] (trace)
40000007 ‘
] 14.55
] | 1 MCF
3500000 I}
] 7{3 [I“ ‘IL i (trace)| |l
3000000 |1
zsmuuué il‘ ,"lul :Ji 16 49”'% : Dosed
; [l i ‘ | \ 0 2073 20 5 736
- 118865 | 4
20000005 | | 283 -~ IR -1 . wos A
16000007 n 65 R “M R 3013 ,V | 3408 AT e
2 g 'LJ| “\ [ ‘ld“ _— ,l‘ QTEZJJN Control
10000005 ‘ | *Nﬁ ' i | ﬁ 'Mgw
500000% | 1 '\\555 \-\_/LJ
1| f[ 6.03 683 || flge3
[ (i
T NP
-EUUUUUE ‘ a
10000003 |‘ "
3 |
-15000007 ‘ l/
20000003 J
|U|| T T T T T LAY LA R LAl A As L AL LAt AR A e
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Fig. 12. UV (A) and extracted ion chromatograms (B) of liver homogenete from PXB-mice.

FBM were orally administered to PXB-mice at 600 mg/kg and liver samples were colledted

2 h after administration. Trace: detected only by MS.

FBM % PXB ~ 7 A 544 DI OFAE % — D LC-UV/MS HHTic TR &

72 FBM &R O ©°— 7 [Hifs{E %2 Table 4 (2737,
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Table 4. Comparison of UV peak area of FBM and its metabolites.

(A) Plasma
CBMA CBMA 20H-FBM 20H-FBM - N
or or or or MCF  MW441  CPPA FBM i Nac-OH agifj'
CCMF  CCMF pOH-FBM pOH-FBM 9
U\ﬁ;zak 329052 161698 596233 1789046 1538782 Trace Trace 118625182 Trace 2115013 Trace
% of FBM 0.28 0.14 0.50 1.51 1.30 - - 100 - 1.78
(B) Liver
CBMA CBMA 20H-FBM 20H-FBM - .
or or or or MCF MW441 CPPA FBM luc Nac-OH acid
CCMF  CCMF pOH-FBM pOH-FBM 9
U\;\rPezak Trace Trace  Trace Trace Trace Trace Trace N.D. N.D. N.D.
% of FBM - - - - - - - 100

FBM were orally administered to PXB-mice at 600 mg/kg and plasma (A) and liver (B) samples
were colledted 2 h after administration. Trace: detected only by MS. N.D.: not deteted.

FBM Z# 5% D PXB ~ 7 A MBEF ) B S RE@ o UV v — 7 iz 4 %
L, BRHEENT-WTHOREI L ZDOEIBILIFBM O 2% FThotz, £7o, FAEY X
— MZBWT, REMII MS ICLDHit A A7 e~ N7 A TORBH S, EO4R
BIIL< DTN THLIbDOESZS 2 b (Tabled),

PXB v 7 A DMHAE K OFARE R — F I b S @O 5 5, OH-FBM 1% FBM
DAL L 0 A3 2, MCF X FBM ORI L 0 A3 2 G <
HV, F72 CBMA, CCMF, CPPA, MCF-gluc IZ MCF 75 OZF RN £ 0 AT 2 1
WThdLEHEIN (Fig.3), S5, MW441 (X MCF & 0 AT 2 SOSTEH) 2-PP
23 GSH 6 %521 TR T 2R#@#% TH Y, Nac-OH J O Nac-acid 1% GSH AR S 5
I SN TERT D N-TETF L AT A LSRR TH D L HEE Sz (Fig. 3),

INHORR LY, FBM & PXB ¥ 7 Al G4, PXB v U A Dt MMHEIZI VT FBM
DAL ONMKZERE Z D, S HIZ MCF 24 L CTART % 2-PP A% GSH 512 L 2
BRAEZTLLDEEZ ORI,
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[I-3-ii))  MSI % HV 7= GSH O 2 BhfEAT

[[-3-i IZBWT, FBM % PXB ¥ U X I EGEZOMBEKRONTHET R — F22b, 2-PP 2
GSH &% CAERT 2N EEmIE SN2 L5, FBM O&513E  OfiTlE
252 BBIZHOWTINT T 5728, PXB ~ 7 A2 FBM % 5% OIFligZ 317 5 GSH @
BB DN TR 24T 2 72,

FBM % #x 5% 0 PXB ~ 7 A [Tz MSI 7547 L, FBM XU GSH O 5Afi & "tk L7z &
2%, FBM O 51X Y GSH 23 29 2 L s Shuiz (Fig. 13),

Dosed
Control

S Dosed
Blank 4

(slide glass)

Fig. 13. Visualization of FBM and GSH on liver sections from PXB-mice.
FBM were orally administered to PXB-mice at 600 mg/kg and liver samples were colledted
24 h after administration. Distribution of FBM and GSH were analyzed by MSI.



FBM O# 523t kORI KIETHEICOWT E LI 5729, FBM Z#5#0
FBM fR@th, E-ANRMEWE LS LT v 2 T4 (GSSG), & HIZHEM: GSH A3
B L, GSH AR EMHAL T 2\ THEINT 52 2 L2 5, GSHMED~—H—& LTH G
NoHA T Z NI U BROBENIOWTIHRT 21T > 72,

LU s, M To7c 2o OMEIZE L TEIMSI o T2 Z &N TE

72772, (Fig. 14)

Dosed
Control

Atropic acid (N.D.)

Dosed
Blank ;

(slide glass)

2-PP (N.D.) MW175 (N.D.)

CPPA(N.D.) Oxazine-dione (N.D.)

CBMA or CCMF (N.D.) OH-FBM (N.D.)

MCF (N.D.) MW295 (N.D.)

MCF-gluc (N.D.)

MW439 (N.D.)

(98] I



Nac-OH (N.D.) Nac-acid (N.D.)

MWA441(N.D.) GSSG (N.D.)

Ophthalmic acid (N.D.)

Fig. 14. Visualization of FBM metabolites, GSSG and ophthalmic acid on liver sections from
PXB-mice.

FBM were orally administered to PXB-mice at 600 mg/kg and liver samples were colledted 24 h
after administration. Distribution of FBM metabolites, GSSG and ophthalmic acid were
analyzed by MSI. N.D.: not detected.
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[I-3-iii)) FBM % #5514 OFHERE N T A — % — 34

[1-3-ii |2 C FBM Z# 5 L7 PXB ~ 7 ZDIfffE% VT, FBM % #5.1% O ITHERE AT 2
177,
MAEF D ALT, AST KONALP ZHIE L& 2 A, WTFhONRTA—F—Har ha—)L

BEE i L CHEBERZITRD b v -7z (Fig. 15),

ALT AST ALP
250 500- 800
200 400 i
T 600 -
o 150 _|_ o 300 < 100
o] D o |
1004 200
200
50 100
0= T 0- T 0= T
Control FBM Control FBM Control FBM

Fig. 15. Plasma ALT, AST and ALP levels after administration of FBM.
FBM were orally administered to PXB-mice at 600 mg/kg and plasma samples were

colledted 24 h after administration. Data represent the mean + SD (n=3).
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FAH NE

ARIETIL, PXB U AZHWT FBM =& G%OREWM 7T 7 7 A VEFHET oL &b

IZ, FBM O 523t FOAFEIZ 5 2 5B W TR 21T- 72,

PXB ~ 7 A Z M2 FBM O 7' 1 7 7 A VEHIIC RN T, T2 6 1R b K
FOv 10 FE ORI AR S (Fig. 11), TFREYR— FHBIXREMARKL D 7 FE 55
OB I 7z (Fig.12) . 2 6 OfGEMmITIE, FBM O {LARE TH 5 OH-FBM,
ARG R Tdh D MCF N E £ 5 & & HIZ, MCF OFRAGHIZ LV AR T 5 CBMA,
CCMF, CPPA, MCF-gluc (21 2. C, 2-PP 28 GSH fa & % 52 1 THARR T 2R TH 5 MW441,
GSH G AN E BT SN TEKT D N-T B F LV AT A AIE IR TH % Nac-OH Y
Nac-acid 283 LTV,

AR TIE, ~TART v NERWZREYW T 7 7 7 A VOBRFHIIT > TNz,
PXB ~ 7 % &L EBREMWI OB 7 10 7 7 A L OFEFEIZHOWTEHDITIIREE T E TV,
o T, MAICEAL TUIABRERIMFADBLETHLEEZLNLHDD, PXBYU A%
AWTZ 2 E TOMRIZENT, b MERHEMEZ R ATRECTh o 72 2 L BE G S
N TW5 (DeSerresetal., 2011 ; Inoueetal.,, 2009 ; Kamimuraetal., 2010 ; Yamazaki etal.,
2010), F7z, B MZEBWT, FBM Z&H5&ICRHPICHEIE S 15 20H-FBM & pOH-FBM
I 58D 10%, Nac-OH & Nac-acid DFIIHE G ED 6.3% THLDITKL, T v MIB
VT IE OH-FBM & pOH-FBM D F17A% 62% & FEHF 115 <, Nac-OH & Nac-acid OFI2 1.1% &
N2 RS SN TS (Dieckhaus et al., 2000), ABFZEIZEHBWT, MAEF2HRH S
A7z OH-FBM & pOH-FBM O Fi1i% FBM (2% L T 2.01%, Nac-OH & Nac-acid ®Fi1iZ FBM
WXL T 1.78% L AIRRE Th o7 Z L Z#BE 22 & (Table 4 (A)), PXB v U RAITEITH
FBM O ~7 v 7 7 A L%, & MWL D Thoz L HES NS,

KIFFETlX, PXB ~ 7 A% W= in vivo ildBRICEBW TS, MIcEREY CTH 5 2-PP 1%
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e n~7- (Fig. 11, Fig. 12), —FC, 2-PP 2% GSH & %5 1F CTAEKT 21
WEER I Tz, 2-PP OFRUSHER B2 & 2 E 2 5 & (Dieckhaus etal., 2001 ; Thompson
etal., 1996), 2-PP IR0/ GSH A X 2ENREE2=Z T b0 LEEZ BN
776

MSI Z H W= f@FTic L 0, FBM Z# 54, PXB ~ U ZADMFEIZI VT, AWK GSH 23
WM 29 2 L SR S e (Fig. 13), ZOfER KLY, FBM IZ X AF#EMEICIX 2-PP
R HT HE T GSH BT 56 2 LG5 L TWoa b0 EE X b,

FBM DO# 53 KT HEBIZOWT I BT 5729, FBM A& Ot GSSG
RITNEF I N~ —H—TChdF 7 XN I VBOREERD =L 2 A, WTNOWE
L SN2 o 7= (Fig. 14), MSI DA A AbiEE LT RAICHW STV % MALDI
%, LC-MS TIHHEINDA A MbiETh D=7 hr A7 L —A F bk (electrospray
ionization, ESI) & [bi LT, (R FLE W Of HUESE IRV MEIANC H D, £72, PXB~ Y
ADRFRE VR — b2 iz LC-UV/MS T2 BT, FBM R o &I3oRA bR & Lt
XTI DTN THL Z PRI TS (Tabled),

IO LR AEBET D L, AW TIE MSI SHTICEH VT, FBM EH° 2 b o NIEME
WEZ BT DI REEEZRGLNRP- T bDEEZBND,

FHIC 31T 5 GSH DA 21X, 2-PP DREARHNT L DTN A T, BEA L AD
BICIZE D GSH 2 GSSG I b S 4172 Z LI K D 3B H L TV D ATREME S 2 B il
Do ABFEICBWTIE, LA N L ADERICIZE > THINT % GSSG DAL ZfifHT T& T
RN, FBM OF 54412 PXB ~ 7 A DTlE TR & 7z GSH ORI LT, 2-PP D
ERE L, BBRIEA NV ADEITIZ L DB A BRI T 20, 2 &d, FBM O
Bz X > TA T % GSH OB BIFEMEORIUCE G LT b0 B bhT,

AKWFZETIE, PXB ~ 7 AD %A MSI 0481325 Z & C, FBM O 512 LV iFigicsv
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T GSH 2’35 2 & ZEBEMICEHMET 2 2 L B ARETH o 7=, FEtED A 1 = X L% fig
B 212H72 0, R TE FOFlEEZ A\ T GSH OZ 8% BHEHET 5 2 L ixN#E#ETH 5
Z LD, PXB VU ATEMIC K DIFENMED A D = X L& MRIAT 5 ECHARE MEB
ETMIRD D EZEZ BN,

Fio, RWETII~ U AFMROIER S8 e MFMRIZER I, SE#R PXB v 7 A
EROWTHR Z1T>72, Sanoh & (2017) 1%, t MAFHIILO B RN HRLED PXB ~ 7 A
Z T, amiodarone Z &G RICHNERMEY U IFEAZ MSI oL, v~V ALk MIBITLH
VIBEOREENT L2 Z L2 IE LTV D,

A%, Zo Lozt MFHOBHRENSFRED PXB vV A E N5 Z LT, FBM #
HiZL % GSH ZBOMAEIZOWNWTYH, SHIHRFT LI ENAREICRDI D EBZZ LN
Do

FBM % ¥ 5-1% OIFRERE /R T A — % —3Hlic B\ T, ALT, AST, ALP O\ it 2 b
a2 —/URE L i U CHERZITRO 5o 7- (Fig. 15), McGee & (1998) (%, FBM %
3000-5000 mg/kg T~ 7 A ZH[AIRR O HE L7BRIZ, BEFILITRO bhiho7cZ &, &
72, FBM % 300-600 mg/kg T7 > F KO XITKER O # 5 L72BRIZ, ALT, AST, ALP @
—IBMED EANRBO LN OO, FIRIZBW T 72 ZBITB O b ive o= 2 &
ERELTWD,

—J7T, Kakuni & (2012) 1%, b MIEBWTHUSERBZIZER T 2 IDT IZ X 0 Tk
BRIETDH LB 2 5TV 5 troglitazone 2 PXB ~ 7 A2 1000 mg/kg T 14 H & 823 H
AE®G LizE 25, ALT KOYAST O ERAR SN Z & Z2fE LT3,

O LIEREEZ D L, PXB <7 AL IDT 25| & 2 7 REI TR A RIET 5 2
EDRMESINTND DD, KIFZEIZHEWTIEL, FBM Z#5#%IZ ALT, AST XU ALP @
EARRD LN 0T LD, PXB ¥ U AIZEWT FBM O 5 X D F#EMEIEE 2
STVRNHDEBZ BT, ZORRITYT A, T v MO X & W7z McGee & (1998)
DFEEL—HTHEDOTHDLEEZBND,

42



WE>T, FOSHERBOAERNSFEEOFBUCEDLETOA I =X L% S HITHIT
H1-0I12iE, FBM O#5 8% FIFD, H50VIIRKERGE2T 5% L, A% S LR 5BaN
VETHDLEEZEZOLND,

S 5T, IDTIC K D IFEMEICIE, RESORAEE T2 2 & bl SN T % (Parketal.,
2005 ; Satohetal., 1985 ; Walgrenetal., 2005), PXB ~ U A |IER DM EEHTHZ &
D, FBMIZ KD IFEMENRERISEZ N LT b D Th 256, PXB v U A% WG T
%, HEEEsRETE VWAL ZE 2 b b,

> T, A%, FBMIC X DFBEMEOREEEII LN LTV T2DlaiE, RIGHEREY
BT ARRhCNZ, RO, IDT © 3 SOERO L NEENER] L BE5E
R IZOWTHERL, SHITHRRZTOILNERHD EEZOLND,
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AT T, invitro FRHFRBCR K U PXB = ¥ 2 & VT FBM O SUGERE LR A 7
=X LTONTHRA 2T T2,

FOFREE, LLTOHENEST,

btk CYP KOCES #HLR X 7 1 Y — A% o igith &, FBM ofg{bftHHz CYP2CS,
CYP2C9 KU CYP2E1 23BA5- L, MUKSGEAGHNZ CESle 2"\E5 356D EFE X biviz,

INODOREREY, CESle 2 LK MRAGHA 2-PP DERIZEE S L, CYP2CS,
CYP2C9 } () CYP2E1 %40 L 7= bARGH 23 2-PP DAk % [BIBE 3~ 2 B Ao REHRIE & 72 D =

LR STz (Fig. 16),

FBM % PXB ~ U A ¥ 5%, MAEKRONTIE T 2> 5 2-PP 7% GSH 5 2% TAEKT 5
&P EERE Sz, £72, FBM OFEICE D | IV CTHRME GSH 2ME T3
DI EDHERINT, ZTNHOFRELY, FBM O 5IZ XV ERKT 25 2-PP i SHd
LT GSH 28835 Z L3 FBM I K D TEMEICEE L T b b o L& 2 bz (Fig.
16),

PXB v 7 A%, & hORE@Hm 7T e 7 7 A 2z, GSH @ X 5 2NEMEWE DL 8 %
A RTRE/RET AL TH D EEZ BN, 2D D, PXB~ U A XGERBHIC XL D
JFFMED A T = X Lg° U 2 73 i 2179 L CHHRE MEBIET VIZR Db D EE
bz,

AFIETE LN TR RIL, FBM O SUSTEREMER A 71 = X L OB K ONERIZ IS0
T, FBM # LV ZE\ZHT 5 ECHAREBENMAICZ2 b0 EEZ N,
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Fig. 16. Postulated mechanisms of reactive metabolite formation and hepatotoxicity by FBM.
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