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AleprltellA] B4 7]R1gH Mujagle] vl £ou] o]
F O 7 Aakeo) alAlska 2lk 2000 @A
Akl S0 2 Q15 Aulg2- u|YPAEA <F 20%,
QAP oF 13%2 of¢- o} (19 3). NCE (New
Chemical Entity) 5% ¥ E&% 414FE2 ] 5497]
it BHA7 )= SR st BMSE] 19932006 2hgo]
A v Y] BRI AR 7S Flele] oF 42%2
71 (29 4 1), E=FH1990 o] & AIAEE ok e
Yol RE BASR T 13540%)E 7H5A], 118(33%)8 QT
interval 5710l W2 AW 22 o5 T Helo]
)2} T3% S AAAEIL k(% 5; B 2).

1. SAojl olft Muje] | A

target organ or tissue percent
cardiovascular 273
liver 148
teratogenicity 8.0
hematologic 6.8
CNS & PNS 6.8
retina 68
mutagenicity & clastogenicity 45
reproductive toxicity 4.5
gastrointestinal & pancreatic 34
muscle 34
carcinogenicity 34
lung 23
acute death 23
renal 23
irritant 23
skeletal 1.1

2, dlepriaol ZHE4el ZRd % Hel

HEAL ot 7R sk ol 7|HER A
2, PAEARE, Beuks, EEAA, 9EEA, AR §
G FOo2 ERE, AT AZANEE A 2719
olufe Yo R B A EES0] o Adel S o
F(FE)FEE0] o213 dufistar gl

A A== 2oRE 5 800F ool T3S st
o oli= vl A4 9/447HH(Acute Liver Failure)®] 30%
o4 2Bl 3 Y 342 2-20%E AR 8l
o, SREfeiziEAS A A Aekide] S,
?J’E!{*ﬂ]‘ﬂl"‘] DIAIEY T 22| AT F AlelA A
T 3 E 2 Yo, 1A E ke QofE
SuE PV FUAE viRske] ABYARA), FE
A, A BFA A, PPl dejekE, NSADs, FYvHIA,
AR A, A2AA 52 uhf hdsic). Guidance
for industry drug-—induced
(2009.7, FDA),
drug—induced hepatotoxicity (2008.8, European

liver injury

Non-clinical guideline on
Medicines Agency), Recommendations from
the scientific advisory panel subgroups on

H 2. A0 B5et otgel S4 Hol —.—& {gom 0f%)

Dilevarol( '90)
Fipexide('91)
Benzarone( 92)
Bendazac( '93)
Chlormezanone( ' 96)
Tolestat( '96)
Pemoline( '97)
Bromfenac( '98)
Ebrotidine( ‘98)
Tolcapone( '98)
Trovafloxacin( '99)

Troglitazone( 00)

EjZofs A o

Terochhnc( 1)
Encainide( "91)
Flosequinan( '93)
Terfenadine( 98)

Triazolam{ '91)
Temafloxacin( "' 92)
Remoxipride( '93)
Soruvidine( '93)

Sertindole( 98) Minaprine( 96)
Mibefradil( ‘98) Dexfenfluramine( "08)
Astemizole( 99) Fenfluamine( '98)

Grepafloxacin( '99) Alosetron( '00)
Cisapride( 00} Cerivastatin( '01)
Droperidol('01)

Levacetylmethadol( '01)

H|E 13/33 = 40%

11/33 = 33% 9/33 = 27%
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Iproniazid (59) Dacarbazine
Fenclozic acid( '70) Dantrolene
Nialamide ( 74) Felbamate
Tienilic acid ('80) Flutamide
Benoxaprofen ('82) Gemtuzumab
M O B0 Nomifensine ('86) Isoniazid
Bromfenac ('98) Ketoconazole
Troglitazone ( 00) Nevirapine
Nefazodone ('04) Tolcapone
- Valproic acid
s ona 014 -
Cincophen ( 30) Acitretin
Pipamazine { 69) Bosentan
L Rl Oxyphenisatin ('73) Naltrexone
Chlormezanone( 96) Trovafloxacin
e Pemolme (05
dig S sy 414 a
hepatotoxicity (2004.7; Alch 58 Ml MU 0] 5 5 o chekat 728 2}

Al FERE 7S FHASB) S8l xERe U 4 2
£, K54 SJoREo) 154 7)0e BAsh YIS}
Z HFZ AA8Y n|3 FDANAE 20089 2%
“‘Guidance for industry safety testing of drug
metabolites"E Halisto] REChARo]| gt A7} Al
HhojlA] Z23t ARoFe 7"*6]‘_’ Qict. ol 2jah
&% 14715 95, A8 F20RE 14705 105014 24
A7} s Sk (3 9),

M5 It olokEe] TS AR £
AURAIE FAEIE mets Ve SARAR] 34
2 AT 5= e o] Aoppte] Z71dAe| AIQkET
T AR FAE R S e B 2R
+=1) hydrazines?} hydrazide, 2) arylacetic T5= aryl
propionic acid, 3) thiophene, furan®} pyrrole, 4)
aniline®} anilide, 5) quinone®} quinoneimine,
6) medium chain fatty acids, 7) halogenated
hydrocarbon® @5 halogenated aromatic (Br » Cl
» F), 8) nitroaromatic, 9) g f-unsaturated enol-
like Thiol F&
(thiazolidinedione} thicurea) 11) aminothiazole

structure, 10) thiono

5 Z]ATAL E-E’ﬂ’il o5t AR A AR AL AL
$o] FA)H W2 okEojA) HINE] Uehls 5Ago)t
(tetracyeline, doxyeycline, orotic acid, valproic
acid, amineptine, methotrexate, amiodarone,

estrogens, tamoxifen 5 )

3 AeprhdtolM MEEMe| Zed % #

Aok ZREalol gt W gtrt o|Fojx]7] o) H Alek
et 27|5tAlefl Aol QT prolongation o355 AR
A HAEAEAEE vle] AAHsl AL Al A
dkS- gof B =g Ao] 1L 9lrt | Johnson &
Johnsono4l MZ2& 3RHE 576718 7} HERG
testS 3 & 21} 58%2] #5HE0] HERGE PAlgh= 2
2 yehiton 39%°] 3ikEe] ge] gls 2o et
2. B2 HERG frm}ﬂl 71&o] o7t =agicks A #eh
sl ebe Alds] o ul22] 3jhEo] HERG channel &
Adskz A& %:# Qlet.
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AarsAlel 749 HERG channel assay7} 4354 B
712 7l& 02 AAE] in vivo2}e] AtAe] it =2o|
HuEw glov 7HE4e §4 33 thilAR HriAAd
& 7517 ol Hol Qi

2) TEAYAe] 754 «l58e] vk

International Life Sciences Institute2] 1999
A A2} 238F:0] ARk R FollA 3177} Alek g
Aol 7HsAdo] Qi ALR =gl oL} FEAF A
7hsAdo] TAE 212 58% (18/31) 2 S2AISo| A 7HEA
o] q52o| ddizl oz F5-2 & <= 9ok, E3FRhone-
Poulenc Rorer®] 7H54] 57} 21} E40)l4 FE548 23}
T YA} Aolrt & Ao g eIl (23 6)

Safe

Toxic

Terminated Animal (28)

Human

<R 6> 7ISH SEAEL NN Znje| gux|

3) 217k~ QAo A idiosyncratic hepatotoxicity 2] W&

APRoA Mgt Ak & EA o2 fakol=dut
7130] EEHsla, F/go] ARt SNl A ule- 4zt
3 SA0S FAUEtEE (thEF 10,0009 E4=100,0007
of|4] 3t ) NDA (new drug application)@pdoj4] 7H=
A& WZskA] 3 g 4= Aok, weba Aol FEAIY
ol 1HEAde] dIE 2 AlepdolA] AlgJA|e] Qo] S
Hata] Zdih, AEeiFAEAR HepG2(QI7AIZ
) M=, FHHE HepG2 Al (cytochrome P450 5 oF
EtiAbas FkE A X)) immortalized human
hepatocytes (SV40 T antigen 3749 &),
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primary hepatocytes (human E=rat 5) 59| 1=
A oS Bdl2 AL} B SIS 7Rl gl AL
o] 74 dA H55 B4E Mol A5EodA] ghon| A
A 0|5 70| Zels}] S5 o] vl BEs}e] T H
oF Rojxl= okEo] 92 98-S WESIL ot

5 HE¥=d 7AEe 2HF
1) 71& A4 971 5 8Ed 7=

= AU A7 H)ge] Bl & 89 okt low
throughpute|t}, 3+ 589 ECGE S SlofA &
EdAF 9] #do] wiebd EOG7 93-S ] vzl A
3} Bj4dof] Fo)7} Hast,

2) 7|1& 47524 =7} action potential duration (APD)
23 71&

APD =&
A A o8 medium throughput - ﬂf@ﬁ“ﬂ ek
_Langtndorff )
perfusion system T 2 Clowihiowhput
- — » 8T TEe) B
ey burkinje fiber] T
Purkinje fiber *ﬂ%ﬁ‘l Y e QT prolongatione]
7|3 B4 Aolgt

3) 71 4354 %7} HERG test 7=

QT prolongation®] B2 93-S 3= 7lo] APD2IH|
APDE ZH3l= 33 a439] shfo|giA ol 3=
9] o9 93] block H+ HERG channel9]
inhibition ¥5& vlg] HAEs= Zlo| Fas|ch
HERG test2+= gold-standard ¢l pateh clampE 9
Al8le two—electrode voltage clamp, Rb efflux test,
Binding assay 5¢] 2/t}. Membrane potential—sensitive
dyeE ol83lA HTS 7ol AlwxE]at 3l §lom o] v
Wo] Adug A I sganks e Aes g
QX HERG channel inhibitorsi= QT ¢13h2 Al7] 2] &k



=5, 2 olf= QT interval & Z24sk= 479 APD7}
HERG channel®#3F ofufz} c}oFst ion channeldt
transporterg°l o2& 24E7] ot} o2 So
verapamil:> HERG channel2 9#|5}2)qt 54)9]
Ca channel = 4AJ5l7] o] QT A4S S56}2] ¢ko
O 4739 APD W¥sks 2AlBR= A= 2 gsic}

1. U=4%719| 71&xot
1) In vitro A} 7} med 7
= Glutathione conjugates ®4 H7}H(LC-MS 9479
- °kEHf covalent binding B7H(5-9¥4 a7
— Mechanism—based inhibition of cytochrome
P450 (WHE7}4H2)

— GSH EH2] WALEEE o|q obdAS aFIA)Z)

T U MEL trapping agent 2] /futat A3 An}o)

BV Ecut—off valued 4% S)of tjst ALz}
S5t

2) Cell-based in vitro thA}&AE} Ho) o 7k
— Human hepatocyte culture model (i1H]&,
data—base 72| 3H)
— Human hepatocyte surrogate models:
HepaRG (human hepatoma cell line), Fa—
2N-4 (immortalized human hepatocyte
cell line) 5
— Human hepatocytest 7FH54 715 243 “Gold
Standard” modelet} ojg] g2 #4) human
hepatocytesS AT 4= Q= o] 7t Srojct A
2 AIET Y] 7 1) oFEdiAlae] B 2)
FEALEAO] R/ oA ., 3) okbAle) W,
4) {H5o] 449 2d(albumins AT E

urea cycle? THiA &) Solct

ot

ot SHETIAAG: ML Eqiaki.
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3) A|AhAL o) def] 23t ZHEA] A7} 71Ee] At
— cell-based assay system: #|HtjAle} 24sl
o] 8}= LXR, SREBP, FPAR-«
gene assay
— proteomic analysis system: A1 AEg| AL} 7
AdhAL B Tl A 50] 1is)

&t v

59 reporter

— mitochondrial function analysis: OJEZcza]o}
7Fsold U R At =4

—HCS assay system: phospholipidosis%%
pholpholipid &3 probe& o435t F.4

2. tE=Y "Hul2ote| 7wt

) #Tel| o] 24 o7 teksl 9kl 28 HERG channel
inhibition®] ICs0 = | &3l2]= A7} QSAR ¢ &
&4 o]Fox|31 glthe, o|= HERG channel 2 <)}

o] F#&%E HERG channel?]

54E A58 U= ol
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compoundsS

binding site 2]

2) Ag e o=
g ARgsla

silico prediciton m

& A|2k2)A}7} in silico prediction model
ez 331 glovt ol & in
odelo] AL AT & gtk

ol =
AR

3) A#e] APD¥E HERG channel ¥=F olue} IKs,
voltage-gated Ca % Na channel, 59l 23|H= ZA
= o}=o] HERG channel ¥ opujg} t}2 IS o
Asl7] Wil &% HERG channel® ohJg} IKs,

voltage-gated Ca = Na channel Sof t)gt in silico

—

prediction model©] 7% 3 cardiac myocyte®] APD
£ A2Fl= computer modelel] incorportion . 24
Hoh G5t QT prologationg: of 38 4 9l& 7o
= ARd:
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