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Innate immune celis

{e.g. Macrophages, Dendritic cells}

/ Cytokines and Chemolines

fe.g. TNF MIP2

Fig. 13. The putative mechanism of AZA-induced liver injury. During metabolism of AZA in

hepatocytes, ROS are produced. ROS-induced oxidative stress cause necrosis of hepatocytes. Danger

signals released from hepatocytes activate innate immune cells via their receptors. Activated innate

immune cells lead to the secretion of cytokines and chemokines, which resulted in inflammation in

the liver.
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Fig. 1. Proposed metabolic pathways of CBZ in human.
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0BEARALT v 7 AIFXY—THLIHE
L, 50mL % HPLC A > V=7 ¥ 3
v LTz, HPLC IZ X B 4#ricid L2130 R
> (HITACHI, Tokyo, Japan), L-2200 4
— M 75— (HITACHI), L-2400UV
W% (HITACHI), L-2350 7 9 A4 —7
> (HITACHI), Uni-3 /A4 X_R—Z 27 Y
—r (Z=F), D250 A T T V—F
— (HITACHI) %R\ TIEHIKE UV 235
nm CE=F—L7, # 7 AE Cosmosil
C18-MS-II (4.6 x 250 mm ID, 5 mm: Nacalai
tesque, Kyoto, Japan) & AV 7z, BEIFEIT
20%7E b=k U, W T KIREL 35°C,
I 1 mL/min & L7z,

B-5. MDZ 1’8 £ U 4 (kB LEERTE
P

Emoto & (2000) D FIERIIEEZM X,
UTOFEICLVBIEE L, RIGRIE
B=JE,. MDZ (S mM) BLOY VBB U
T ABETE (pH 7.4, 100 mM) (kR &
2EZ 180mL & L7z, Z2BREK
HOBEEEOBREZ 1% AT 25 X
I LT BERIRE LC2-5 TR L =S
Y MFI 7Y —2%AN, BREEY
0.1 mg/mL & L7z, 37°C T2 47 LA

mz.,

V¥ aR_R—3 g v L%, NADPH 4%
EENEN20mL NI A3 LIk R



IE B LT, AR 37°C T 15 K
STtk KA H /) —v% 200 mL AN
2, BMUSEBT A LKLY RIEEE
1k & 72,6,200 g.4°C T 10 ZyRmL L,
Bon= FiE80mL £ HPLCIZHEA LT,
HPLC iZ & A GHTIZiE L2130 R 7
(HITACHI), L-2200 & — h ¥ v 7T —
(HITACHI), L-2400UV # % (HITACHD),
1-2350 7 5 54— > (HITACHI), Uni-3
JAARR—=RAT Y —r (=F ),
D-2500 A > Z' L — % — (HITACHI) %
FAWTHEHKE UV 254nm TE=F—1L
7o H T AtX Inertsil ODS-3 (4.6 x 250 mm
ID, 5 mm: GL Science, Tokyo, Japan) % H
W BEHEIZ 30%A ¥ ) —V20%7 &

F=bhUASmM U VEBES Y U NEETR
(pH 7.4), 7 T HIREIL35°C, JET 1
mL/min & L7z,

B-6.CBZ &5 5 v MIXf9 2% CYP3A
FEEDORE

F344 7 v % 3 HHEBLETE L7k,
CBZ 400 mg/kg % 4 AR O® S L, 5 H
HZ BSO 700 mg/kg % MEFERNE & L. 30
3% CYP3APHEFR TH 5 KTZ (50
mg/kg in corn oil) ¥ 721X TAO (300 mg/kg
incornoil) ZEENEE L, £0 1 FFHE
30 4312 CBZ 600 mg/kg =% 5 L 72, CBZ
Befc 5 24 BERR AR U C TATRBRAR

EIVEBERET- %, HFEEZER LT,

B-7.CBZ %5 7 v MIx¥ 2% CYP3A
FEEORE

F344 7 v + % 3 HHEBLEE Lz,
DEX (80 mg/kg , 10 mL/kg in corn oil) % 3
HEEEANRE L, 4 B BIiZ CBZ 400
mg/kg O E Lz, CBZ #5 2 B
HIC BSO e & L7z, CBZ &k
50, 3 8L U 6 R ICBFRIRE 721330
AR OEM U, 12 RefRICH L CTF
FTREERE VRO ZAT o 72% ., IFEZ
WLz,

B-8. HERTARAT

ZREMIC I 1T B HEEHFRYFEE L Dunnett
BEIC L VET L, P<0.05 DFF, FEFE
BICEEThH A Ll L,

C EBRER

C-1.CBZ HE# 5B L URKRESED
s

CBZ # HEIR 5 E T IIKERET 52
ET, Ty MBWCHEEZERZIE
DT EWFREPRFT T H 7T, CBZ B
Bz 5 OF B X ORERERORKE
BEBDOBRFE F344 7 v FE AWV TITV,
ARG 24 IR DO ALT HZRIE L7z
(Figs. 2A and 2B). #5413 Higuchi &



(2012) 28~ 7 AT CBZ FHEMITEES
BRIEAIBICAVWEREESBICLE,
HE&ZE ORE T, BSO ARG
BLOBGEREEEIZB VT, CBZ400

mg/kg B £ V600 mghkg DWThOHEEE

KBWTHALTEOFEERZ EFTRD L
niaroio (Fig. 24), £, KEHRED
BREHZBW TS, 5 HE D CBZ REER
400 mg/kg DEETIX ALT fED LHIIFE D
biiginotz, LaxL, SHE®O CBZ#
5878 600 F7-1% 800 mg/kg BE T ALT
BOBEE EF RO b (600 mg/kg
PERE: ALT =9,986 + 5,627 U/l (n=6),
800 mg/kg #%5-8f: ALT = 20,700 + 4,798
U/l (n=3)) (Fig. 2B), LLEDFERNS,
CBZ % 400 mg/kg T 4 HEIRER5%IZ,
CBZ % 600 % 7-1% 800 mg/kg T 5 5>D
BSO Z ftHI 53 25X Y CBZ#E
HERFEEET VT v PMERFRETH D
ZEMBRENT, LHL, CBZEKES
24 R E TIRIEBT T D EENFEL,
CBZ %5 & 600 mg/kg #f & 800
mg/kg BEICBIT AT EEEITENER
TLAF 1 EE §ILHF SILTH-7e, TD X
512, CBZ H#&% 5 & 800 mg/kg BE Tl
FHUENE NS0, EORETTIE
CBZ D&M EE% 600 mg/kg TITH =
L& LT, £/, CBZ DEKEGE 600
mg/kg BEIZBWTHFEEOREICRE
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IR ERENRRD biL, CBZ &M E 24 B
B#RIC ALT [EABEE I L/ T 5 @S
(high responder) (ALT > 2,000 U/l) &1F &
A EEB L2 VMEK (low responder) 1257
I iz (Fig. 2C),
C-2. iTHmkge

CBZ #51 & 2 ITHfBEE M7 2
7e¥iZ, CBZ % 4 HFH 400 mg/kg TKIE
#E5 L., 5HHBIZTBSO700mgkg & CBZ
600 mgkg B E LT v bLOEERL
TR Z W T H&E @ 21T o 7=,
BSO EPFAR S (ALT=105U/M) BIT
low responder (ALT =176 U/l) TixXx 7 o
—VAITRBO BRI o720, high
responder (ALT = 21,800 U/l) {2\ T
DEFIREDICIREE 2R 7 7 — 3 203588
b7z (Fig. 3A). CBZ SHEMEATEE 2%
E U7z T8 RAF22 B 3 THFIR BRI
ZVRBOOND T ERMLENTNEED
(Bjornsson, 2008), Congo red Y2 (2 & v #F
BRER DY 24T o 123, [FBRERIZ L DR
KB THLRD bR -7 (Fig. 3B),
PLED#ERIZL Y, high responder (235>
THEENE LTS Z & BNREZERR
RIPHIEFEI NI,
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Fig. 2. Plasma ALT levels after the single or repetitive administration of CBZ with BSO. (A) Rats

were administered CBZ at a dose of 400 or 600 mg/kg, and BSO was administered at a dose of 700

mg/kg 2 hr before the CBZ administration. Rats were sacrificed at 24 br after the CBZ

administration. (B) Rats were administered CBZ at a dose of 400 mg/kg for 4 days and at a dose of

400, 600 or 800 mg/kg in the 5th day, and BSO was administered at a dose of 700 mg/kg 2 hr before

the last CBZ administration. Rats were sacrificed at 24 hr after the last CBZ administration. (C) Rats

were administered CBZ at a dose of 400 mg/kg for 4 days and at a dose of 600 mg/kg in the 5th day,

and BSO was administered at a dose of 700 mg/kg 2 hr before the last CBZ administration. Rats

were sacrificed at 24 hr afier the last CBZ administration. Data are mean + SEM ((A)n= 1104, (B)

n1=3t8,(C)yn=5107). “p<0.01 compared with control group.

C-3.CBZ %£721X OXC #5 7 v MR}
5 ALT B L O AST ORI HER

CBZ B &% 5% D ALT B LV AST B
DB ERFTT 57291 CBZ & BSO %
#E L., CBZ &#&&E 0. 6. 12, 24, 48
BXO72EMEO ALT BEIAST E%
Rl —EE» ORI L - g2 VW CHRIE
Liz, ¥7c, XHT 47 ar bn—n
L TEEELUATRZE TH 5 OXC %
CBZ DbV iz LT (Fig. 4), High
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responder BEIZ 350 T CBZ B #& %5 24
BBICALTB L CASTHEORE 2 ERR
RObI, EO%, BEEEHICEDS L

7=, Low responder £33 £ U BSO FE{F A #%
EHTRVWTIORBIZEBW TS ALT R
KTNASTHEOELITRD b o7z,
iz, OXCEEHETHIWT N ORBICE
WTHALT B L OASTREIZELIIRD S
nznoie,



(A)

CBZ (400 x 4 = 600)

CBZ (400 x 4 + 600)

o

CBZ (400 x 4 ~ 600) + BSO
Low responder

CBZ (400 x 4 + 600) ~ BSO
Low responder

CBZ (400 x 4 ~ 600 + BSO
High responder

CBZ (400 x 4 + 600) + BSO
High responder

Fig. 3. Histopathological analyses of the livers. Livers were collected 24 hr after the last CBZ

administration and the liver sections were stained with (A) hematoxylin and eosin (H&E) or (B)

congo red.
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Fig. 4. Time-dependent changes of plasma ALT and AST levels in CBZ- or OXC-administered rats.
Rats were administered CBZ or OXC at a dose of 400 mg/kg for 4 days and at a dose of 600 mg/kg

in the 5th day, and BSO was administered at a dose of 700 mg/kg 2 hr before the CBZ
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administration. Plasma samples were collected at 0, 6, 12, 24, 48 and 72 hr after the last CBZ

administration. Data are mean = SEM (n=3t0 6). P < 0.01 compared with 0 hr group.

C-4. CBZ B X O F O#H O Mg g E
iy 2

CBZ B LU ORFHW O M FRED
BEEHERS & . high responder & low
responder EHIC 1T AT REEDER %
BET 572912, CBZ &#K&#E5 0. 1, 3,
6. 12 B U 24 FrfE#E D CBZ & £ DG
Yo g IREZRIE L (Fig. 5) 4E
BIRICAW @R D CBZ Btk 5 24 B
M#D ALTEIZZNENUTO®EY TH
% (high responder: ALT = 16,300 U/l, low
responder 1: ALT = 325 U/l, low responder
2: ALT =362 U/l), WTHhDT v Mz
T4, CBZ B X O 2-hydroxy CBZ i3 CBZ
BB 1 -3 R IC R bmVEE R L
7=, ¥7z., CBZ-10, 11-epoxide i% CBZ %
K 3 RFERICR bEVWEE R LT,
Trans-10, 11-dihydroxy CBZ % CBZ B &%
El-6HMBICERbOEWVEEZR L, =
DX oI, CBZEB X EELOREWIL
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ALT B XU AST D B K%~ § CBZ &
B 24 BRI L 0 b B MR REN
BR%ZmR LT, 3-Hydroxy CBZ I low
responder 1 IZ3B VT CBZ ki 5 1 Kl
BIZE b EVWEEZ R L7225, high
responder 3 X T low responder 2 12330 T
FmERRENE BV EL ST RRZ
HIWr$ 5 Z EIIRFEETH 572, high
responder & low responder B£f] C i §f rH &
ExILBT 5 &, CBZ. mrans-10,
11-dihydroxy CBZ 3 £ T} 2-hydroxy CBZ
TIRIFE LA EETRD bR o T,
CBZ-10, ll-époxide td high responder & fb
# L C low responder & TR0 8 U i 4 o
BREZzRTERIFRD b, 3-Hydroxy
CBZ Tl low responder B Gl g g
DR FBETH - 72 DIZK L, high
responder THIHEWT ORI BWNTHHBR
HRFLUTTH- T,
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Fig. 5. Time-dependent changes of the plasma concentration of CBZ and its metabolites after CBZ

administration. Rats were administered CBZ at a dose of 400 mg/kg for 4 days and at a dose of 600

mg/kg in the 5th day, and BSO was administered at a dose of 700 mg/kg 2 hr before the last CBZ

administration. Plasma samples were collected at 0, 1, 3, 6, 12 and 24 hr after the last CBZ

administration.

C-5.CYP3A2 ¥ v X7 B & L CYP3ABESR
TEEOHEIE

CBZ Xt FBLUT v PITBNT
CYPIAZBEETHZ &R HESITND
(Luo et al, 2002; Tateishi et al., 1999), 4[]
BB L 72 BT MW TH CYP3A BESR
BEPEE TV IDERT A0,
CBZ 721X OXC % 4 H [ 400 mg/kg D
SEBECRERE LT v hOFE» L
Lz m Yy —L%HAVT CYP3A2 #

1l

PR BEEDOREETT> 7= (Fig. 6A), =
7oy B—0H% 7 BT CYP3A OB
RIGMEE MDZ UL KL 04 (kB bBEsR
EHEZBETEZ LICEVFFE LA (Fig
6B), CYP3A2 ¥ /37 BHRHEEIL, CTL
REL LB L T CBZ 858 C 1.82 %, 0XC
BEFHT L3 FOEMARD LN, R
R, CBZB XUV OXCHZRERTMDZ 1’
KB EERIEEOE B2 ER (CTL:
136 + 30 pmol/min/mg protein, CBZ: 273 +



18 pmol/min/mg protein, OXC: 273 + 42
pmol/min/mg protein) 33 X U 4 AL /KEILIE
D EREmARD btz (CTL: 778 +
156 pmol/min/mg protein, CBZ: 1130 =77

C1CTL
B CBZ for 4 davs
OXC for 4 davs
(A) | B .
RN 350
300
2.0 -
g ;g, 230
g 131 =
= en 2001
5 £
S oo —= £ 1509
E =
z £ 100
0.5 -
504
0 = = Q
BZ

CTL OXC

pmol/min/mg protein, OXC: 1201 £ 182
pmol/min/mg protein), LA ED#ERIZ L V|
CBZ BL ' OXC DREHEIZLDY
CYPIADFEIND Z LRSS T,
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Fig. 6. Effects of CBZ or OXC administration on (A) expression level of CYP3A2 protein and (B)

midazolam hydroxylase activity. Rats were administered CBZ or OXC at a dose of 400 mg/kg for 4

days and sacrificed at 24 hr after the last drug administration to collect the livers. Data are mean =+

SEM (n=5). P <0.05 and “p<0.01 compated with control group.

C-6. CBZFEMIFEEICINTD
CYP3A HEEDFE

EFBLUO-URFI Iy —L%H
W REHZ B W T, CYP3A OFRERETH
DKTZEZHMTHE CBZDF N IE
~OEEREEBOMBEEEN BT B
Z &b, CBZHEMEFEEIZ CYP3A
PREASTHZENTREINTND
(Pirmohamed et al., 1992), 7 v MZFR W T
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CBZ FHEMFEE KT 5 CYP3A D
BEBFT 2720 TAO £721XKTZ %
CBZ &5 1.5 RN PFAEE L,
CBZ &#&# 5 24 BF##£IZ ALT E% HIE
L7z (Fig. 7). CYP3A [REFRIEHAZ S
BHECIZA4LF 2 LT ALT D LR B3R
bhvlz, THuTx LT TAO BHR&E S
S5DE, KTZ A% EHO 3 LTIz
TALTEO EFERD N2, T



Nk, CYPIA BIFEEREICEEL T WD AREME R E T,

OcTL
f# CBZ for 4 days
7] OXC for 4 days

(&), ‘ 1400 1
sk
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Fig. 7. Effects of CYP3A inhibitors on CBZ-induced liver injury. Rats were administered TAO or
KTZ at 1.5 hr before the last CBZ administration in rat model of CBZ-induced liver injury. Plasma

ALT was measured 24 hr after the last CBZ administration. (n =3 to 5).

C-7. CBZ B E#% 52 51F 5 DEX KiE# EENEBE SN D TRERE 2 bk,
X% 2 Lol 3-5 DFRET LY . CBZ KIEHKEIC
C-6 DWFTL D CYP3AZFET AL Lo TCYPARHBEINDZ EHWRE
BEEFRESIHE SN D FERENRINTZ Nicic®, CYP3A OFBEIHEHARE L
e, CYPAFBEREOHAREC IV  CTOLHEHRLRBD ONRVTTREMENE
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Z b, £ T CBZ BHE# 5 CiIifE
LR L2V (Fig. 24) ZEITHEB L.
CYP3A FFEHE ThH 2 DEX & 3 HHER
L. 4 B BIiZ CBZ 400 mg/kg & BSO % #
5L, HEENRET 2R EITo
(Fig. 8). DEX O DIz e LTHW
7c corn oil ZXEHKE LIHTIL ALT &
OLEFRIFRD b o7, 72, DEX
FREEREOHC LY ALTHEO LR BB
bivie s, FEMREFRY 7R ALT Eo EFI
RO LRI 2Tz, —T7, CBZ &EHNIZ
DEX % RiE# 5 U7 Tik CBZ #5380
LHER LT, CBZ # 5 3 B 225 ALT
EOFEZRLEFEPRBDOLI., 12FHEE
TERE BT, £/, 5L TORFT
AT CBZFEEEErHEcE

35001 iy
3000+
2500~

20004

un

1500+

1000+

Time (hr)

HBREFGTIIFEEREOEREICRE
IR BEEERTFEE LN, SEOKRN A
Wi B 54T, CBZ #5812 DEX %
REZES LEHETIT4EF4EOT v b
TALTED ERARD b, BEEZS
ETCOMRF LY L/IhE otz (CBZ S
Ohr #%: ALT =402+ 58 U/l, 3hr #%: ALT =
1737 £347 U/L, 6 hr #: ALT = 2487 + 429
U/, 12 hr #%: ALT = 3125 +295 U/l), 3BT
FIZFY L CiL, CBZ ¥ 5-#i1lZ DEX % K18
BELUEEETIZ6EF 2L Lo
WL, £ OMOBETIIET T 2 EEE
FELR»o7, UEOFKERIY . CBZ
FEMEFREEREIX CYP3A OFEIC L
DEREND ZEBRRB SN,

—&~DEX for 3 days + CBZ
—{} DEX for 3 days + vehicle
—&o— Vehicle for 3 days + CBZ
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Fig. 8. Effects of

CYP3A inducer on

plasma ALT in rats

treated with CBZ.

Rats were administerd

DEX at a dose of 80
mg/kg for 3 days and CBZ at a dose of 400
mg/kg in the 4th day. Two hr before the CBZ
administration, BSO was administered at a dose
of 700 mg/kg. Plasma samples were collected
at 0, 3, 6 and 12 hr after the CBZ



