29 QT [BHIE B EER IR R A TIE S RN

—0—lm=FERA



291 QT [RIEAEE KBRS
FRIEARAFIATES RN

—.

S E (BCG) # QT [E# (L QRS MAEF MR T 4 K) RBLAL
FERMAERAFFNEE ., SOEEMAERF QT ALK, L&
A AR EE (R sF. S iR, et i, BELA
FhRECEREHMNE I, BFRmH%AE F M 5T #E (torsade de
pointes, TdP).

AT BN EEEXTIFN TR WL RO FE ERAEEEF B IEIE
KRR SR, VLRI R 7 15 R AT fn g & MR i 5. QT J8]
PRERT UM AR —R, FkEALYERNEF, LB AR
ROEZR AR QT [a] H oy MU 1

A ERMER TR, RAGHFMFELEY,

= EAKEN

(—) Rk

(T2 HBEFHREASE RN FHRAEH X TRAREITHELR
JR N A ¥ 22 77 v, 3 T ARG S R o B DUK A R g AR A 77 ok AT
R

BET R ERF HRA N F RO BT R 7 kT,
JR R I 98 AT AR AL 2T

(=) #ATGLP &9 &K



EAMR I R AT (B RFAR T EEENL) (GLP) # i,
K iR 30 /& GLP, & Au#F% (Follow-up studies) K 7E & A ¥ 4T R B
#H 1& GLP.

(=) %kt

P KRG LA R A B 4 Rk e AR R IR R B & e/ 3
tiRRER AN ER NRA T VB ARRBI LS HH RGN
TITHH %, — AP REFRULAENERE, TUEETSNE S,
BEHRZ IR . RIR. #5. &8 (BB, RELE. HHH
BB 7EE, AREFERLRME. B TR AEHRE, 2R AR,
TN R 52 BEHHE X R B G SR B AR R M R A . Y 48 2 A ] B
KB, B % SCHE| 5 R AR T 1 W B A B FE KT K R R B TR
HEZ. wRETHARERE LT ERA, TRXARMGHTAR, A
W op BT RS R0/ SR AR G B . AR #E . AR, MR AR
BAT,

E Y ZIRYBL R TEARX AR 65 fn 4 & 2 B8 R BRIl R
REMARRA/R TR RERL AN ERS, LAY TR LK,
RIE. T, BE (BAL. RELH. ARHRME FE%E, HRE
FERRE. R AT R AR/ R AT AR, AR, T A
W, A EFEEAE, FFERBREK.

EHYA LN LR, EXRPN T ERET T MALAENT
6, L AT AR BB & 2 AR .



W A Je S o N AT XA & AT, SRR AT IR
A FEARTE R RN A B HEAT A o AT

= EXAR

(—) KBt AREL

1.4 4 4t R

N6 18 WK IR R R AR S AT 8 o AN T T SRR B AR AL 4
L e VAR B R BT TR B A B T B Y R A R IR R R RO BEAT A
F TR SN 58 By L 2R A0 2 AT ACF] R VR T T E Y SE e sl o, EAE R F A
R AL M. YR RNEARS Ry, B AT AT AR 2 BORIR,
] 9 % F 38 18 #y 4 A =] R 4 28 4 e 2k AL T A B

ATEERARAADEEA. K. E. &, FHUZKER.

AR BN BERALIE FALE R B T a4 A E R A B
(EREAR. MR, ERMHEES TRAE L), FIAXEMHENE

HR AT B EE
/5-\

ERANN A EERS L ERAN AR ENEER, FEAH LR
M & AL
2ERE

wHNRE: BIEAEFEATD T 4ANFAAHEAR, — K 3~5 M,

R KRAWAB K FLA RN, N ULRES FHF A E
AN RGBSR, B LR EMFEXNER, ARFERTF
BERARN . N FH—FADPTI0R, ReimEFE—H DT 6 A,
— MR A



3A&E
RSN T o, AR B VR R 2 A I TR I PR B R VB T i 2 UK
Eo IR E PR R BB B AE T B R B - RORL o 4% B34 B
TR EUR IR R & RE . IR T %2 A SR A LGy IR 7 S,
RIRA TR A 4 2g o & B ot B DUR GRS E AN, NE ALY &
TR B KA o ARSI T o R R T B FEAE XS PR 25, LA R S B
7 G R
RO 58 B o R IR BB R R S RSN R T EA B AR A

B, 2R OR 2 Ry TR B #EAT A

EHRREAETELLG (G2 EERRAEAERZFEN) 9EN
—H, R, AELCELOEELTHNAZTAT. Y557
e B s e e X BIIR SR, oy AR . BE. i E
%, IRABKEHIRENMETHT DHATATHFNLERECEER
A2 5 R 20 BRI B K R BT, R B G g om v AR
W EEAF WNZ R R ERHM =R EERBTHRELA R X
RBA EHRE-R AL, AR R38R e 4R B2 R

4.3 R

RSN 38 28 A0 o 1F B AL B AR G R R R R ROK R BROK E (BRI 2 4y
X 3 38 B A A 23R T0% ~80% it Y A% B ) B PF M xT R 24 4 B B R G R
Rt FERATERRR., BERRBRFLFEAAESEGNEY T B
RIS R G B BUR B30 7 B — TR B o A6 R PR ARG



WX IR FEM/ G K ERET 5K AR QT I8 # {7 o 4
KEARNGYE, ERRSIFRTELERAR LA RE,

5.%% %

BRHMRR, EENERSERANARE B, TUERELL) £E
Bt g, TSR PR LRSI R e R R, TRE
R R, ARG,

6.9 & i |8

HEZRIMERFRGR N FHE. Zha. ERRARTES
& 1 5 W 5L B B R A Rp S B 9]

(=) EZZFRAR

LEEHR

L1 RABEGMEIA KL, BERCNERRRTENAE TR
BH R RAKRNER FiR.

1.2 ) =2 7% BE SR B 5 47 89 ECG 2 %K.

1.3 £ B 400 BEAT AR BEAT S0 1 AL 5 B0 8, B IR B 3 4 oF R AT b
R I 5 1 v, (oL B A2 B A S B AR B S AR T

1.4 72 B f00 IEAT A Bk o0 4 HEAT BOR B R 8 1 LU

AEHAT 1L1L 12850, FEAT 130 14 5

Y E B, ARAKKIFTIEMN4ANTEF T Z R QT 8 41k
R#ATHR, FEMEEZEHLAMER.

2.38 A R



Bl R TERT — 8, M/ lERFRER G F R TER
A—Bht, R E AT A A R AT AT AELT, B
MRERTHRARAGZ e NRTFENEZLARI L

EWEFHAAEAT ERART BERUEL R T XAIEENLE
RAREEZRAATEK QT FHIEH . X LB T URMBE L H KA
52 AN RIE Rt & B R R R R AR AN E S R 38 m ey A
50 LAAR A 3 — Ak AR BT e, [ A A AR S SR P B B 58 B R R

AHRFMZHEPART, UWTHEF S EHBEIERMIEREE—
H 5

B A0 AR 9T T B 1R LA DL A 0 AL R AR AL 5

TR RER B AR — R R Bk B 1 WAL R Y R R R S

T A 9 A S A | B i £

AR = 5 S R R

+J B BT B 4 PR A B 5 A

AR BIT GT BA R L A 3 8 A R 4E

% B JE) RO R A FE S

AEVEBE DY UL EE R, xR B E WA XK
U, AR EE, WET. @E R,

WHMAER, WRKHAER, FHFREZREHHNE,

. R3S EMN

SZeENRTELZEETHEN, SZRINMEMHE R, XMHEE
R T ER T IERAR R ELERN M N E SN RF FEF.



HRAN N FUR MBI ERAATE PN, AAIL T AR Z 2K
e Z U

Moo a5 R RS EFEMBI LR, R LB TTERA
QT MR e Zhty, Wk LyURMm Ry, Ak H R WERA. A%
EHRSF, X2 BWS LM EEF 2 PANLE &N+

X QT [8] #7 %7 v 6 3F I IR A 70 Ao 0 T~ ]

KA Tie K R QT ¥/ hE
SHE T AT a2k

!

B | > ZaRkE | GEBE YR

i W /W R A 5%
!
R R
W

B BECH

1.ICH, ICH Guidance for Industry ICH S7A: Safety Pharmacology
Studies for Human Pharmaceuticals, 2001.

2.ICH, ICH Guidance for Industry ICH S7B: Safety Pharmacology
Studies for assessing the potential for delayed ventricular repolarization (QT
interval prolongation) by Human Pharmaceuticals, 2005.

3.Liu T, Brown BS, Wu Y, Antzelevitch C, Kowey PR, Yan GX.Blinded
validation of the isolated arterially perfused rabbit ventricular wedge in
preclinical assessment of drug-induced proarrhythmias, Heart Rhythm 2006; 3:

948-956.



7o MFR—IRIE A

(—) RSN K IR

TNAYAE TR, B LM EM LA S 50 R E
NERE THEE, K I R AR A RR OB EREL [ BEEZE
(4 81 hERG %m0 0y 2 E1) oY 20 i A VE 00 25 4 %0 B F LR B v o A K T
RI7 ik WS R fe il F 3R 45 1Cso W 2 A S 0T E 5 T % 2.

*1

UK 1R AR A U S L TR

FEHER (5F)

5% X #k

Cavl.2
(L-type)

Je. 4 # 7
(Nifedipine)

Shen J et al Comparison of L-type
calcium channel blockade by nifedipine
and/or cadmium in guinea pig
ventricular myocytes JPET, 2000;
294:562-70

Zahradnik I, Minarovic, I and
Zahradnikova A Inhibition of the
cardiac L-typec calcium channel
currentby antidepressant drugs
JPET2008; 324:977-84

hERG

[ il
(Cisapride) 2% 4 3F

Al 7 (Terfenadine)

Helliwell R,  Recording  hERG|
potassium currents and assessing the|
effects of compounds using the
whole-cell — patch-clamp  technique
Jonathan D Lippiat (ed ), Methods in|
Molecular Biology, Potassium
Channels, 2008; 491: 279-95

Kamiya K et al Molecular
determinants of hERG channel block by
terfenadine and cisapride J Pharmacol
S¢i,2008; 108:301-7

Gintant GA et al Utility of hERG
assays as surrogate markers of delayed
cardiac repolarization and QT safety
ToxicolPathol, 2006; 34:81-90

Kvl.5

4- 2 F AR
(4-Aminopyridine,
4-AP)

De Biasi M et al Open channel block
of human heart hKv1 5 by the
beta-subunit hKvbetal 2 AmJ
Physiol 1997 272: H2932-41
Lagrutta A et al Novel, potent inhibitors




of human Kv1 5 K" channels and
ultrarapidly activating delayed rectifier
potassium current
JPET2006;317:1054-63

Kv4.3

AT (LKA
Bt A%, Flecainide)
=, 4-AP

Radicke S etal Effects of MiRP1 and
DPP6 B-subunits on the blockade
induced by flecainide of KV4 3/KchIP2
channels BrJ Pharmacol 2008, 154:
774-86

Fischer F et al Inhibition of cardiac
Kv1 5 and Kv4 3 potassium channels by
the class la anti-arrhythmic ajmaline:
mode of action Naunyn
Schmiedebergs Arch Pharmacol, 2013,
online, Jul

KvLQT1/minK

— LBiEF 293B
(Chromanol-293B)

Yang WPetal KvLQTl,a
voltage-gated potassium channel
responsible forhuman cardiac
arrhythmias PNAS, 1997; 94:4017-
4021

Seebohm G et al Molecular
determinants of KCNQI1 channel block
by a benzodiazepine Mol Pharmacol,
2003, 64:70-7

Navl.5

GE2ey
(Lidocaine)

Wu Letal Role of late sodium current
in modulating the proarrhythmic and
antiarrhythmic effects of quinidine
Heart Rhythm, 2008; 5:1726-34
McNulty, MM andHanck ,DA
State-dependent mibefradil block of Na*
channels Mol Pharmacol, 2004;
66:1652-61

Kir2.1

4)l(Barium) ¢ &, &
(Chloroquine)

Rodriguez-Menchaca AA et al , The
molecular basis of chloroquine block of
the inward rectifier Kir2 1 channel
PNAS, 2008; 105:1364-8

Schram G et al Barium block of Kir2
and human cardiac inward rectifier
currents:evidence for
subunit-heteromeric contribution to
native currents Cardiovasc Res, 2003,

59: 328-38

MEATF ER A& FE#E oA R e B E GLP Lo 34T




®2 WWEME TEE ICs IFWSEHIE

¥ T H ICso
RRFE FABER AT FE R 5
Fr 8 R E 4 F
ERETEAZRRAK n=3
R %f P n=2
V4 3t R 1 MKRE, n=3
o IR B i RDBRAEEHRIEE (PT)
R E T 3T T R
R H E ML GLP # =
R A & +
AT B UL +
PDF #% 5 i B, F >4 +

(=) HARAF R

BERQTHAEERME CEAMSE, W QT MM, ZARTEL

APy PR B B2 AT, 1R R D B A A A SR R B B R
QT B #A KRR, FLMEHRFR, E-FZHWXRELHE
H B A o g B — A B 2 18] AT AR ] o [ 0 R BOR & 22 QT [ #,
X e TR Z AT F ER WA QT B 4. & QT [8 #4247
B, ALK RO EARIE QT Bl # (QTe) &k #4T, % I BH Bazett 1 Fridericia
iy WRRIENAWEEIRFEIRL R R RAKEWUA L, mREZ
HAAT AR EZRRA, TREREARS TN QT FHEK N2 T
63 —




BBy, BT R QA R IR E R MO E, 4 QT/RR (O EE # R
HEREMEE) £RRTANTHE LS, GEHAXSAEHY QT
B 3R AT AT

ERBBEAAYITE ECG, REABTHWERLR, B3
QT MM B HE KB EH AN OELSE TP % AW AL EE R, BT
ECG #y QT [ 84 ff 4 T H L 443 R TdP WE BRI E %, 5T £,
AN Bk B LT T R R R o B T 5 AR B A
Uk, BB TR QT ATFF . 2 QT 44 R I 7 £ R B o ik B
AT, BARAEEILE 3 FAICE.

*x3 EBEERQTHRRE¥ A

k| 5% Xk RBS ¥
Ollerstam, A et al Comparison of the QT interval [ECG#H x %

response during sinus andpaced rhythm in %, aF (K

conscious and anesthetized beagle dogs J AL 0E,H

. PharmacolToxicol Methods, 2007;56: 131-44 . PR,

ik A Chiba K, et al In vivo experimental approach for theR\]))iz Lk T
@F risk assessment of fluoroquinolone antibacterial B, PR

gL agents-induced long QT syndrome Eur J . RR\]\EU .

i Pharmacol, 2004;486:189-200 QRSEf 7], QT

[ 21 . QTclH|
[shizaka T etal Evaluation of drug-induced QT  |3#7)
1 prolongation in a halothane-anesthetized monkey

model: effects of sotalol J PharmacolToxicol
Methods, 2009;59:86-93

Authier S et al Cardiovascular and respiratory
¥ |safety pharmacology in Goéttingenminipigs:
Pharmacological characterization
UpharmacolToxicol Methods, 2011;64:53-9




Batey AJ, Doe PA A method for QT correction
based on beat-to-beat analysis of the QT/RR
interval relationship in conscious telemetred beagle
dogs J PharmacolToxicol Methods,2002;48: 11-9
Fossa AA Assessing QT prolongation in conscious

dogs: validation of a beat-to-beat method
PharmacolTher, 2008;118:231-8

®

Ando K etal QT PRODACT: In vivo QT assay
with a consciousmonkey for assessment of the
potential for drug-induced Qtinterval prolongation
J Pharmacol Sci,2005;99: 487-500

Haushalter TM et al The cardiovascular and
pharmacokineticprofile of dofetilide in conscious

telemetered beagle dogs andcynomolgus monkeys
Br J Pharmacology,2008;154: 1457-64

Stubhan et al Evaluation of cardiovascular and ECG
parameters in the normal, freely moving
GottingenMinipig J Pharmacol Toxicological
Methods,2008, 57: 202—11

KanoM et al QT PRODACT: Usabilityof miniature
pigs in safety pharmacology studies: Assessment for
drug-inducedQT interval prolongation J
Pharmacol Sci, 2005, 99:501-11

Takahara A et al Effects of mexiletine on the
canine model of sparfloxacin-induced long QT
syndrome Eur J Pharmacol,2003,476:115-22
Chiba K et al Proarrhythmic effects of
fluoroquinolone antibacterial agents: in vivo effects
as physiologic substrate for Torsades
ToxicolApplPharmacol, 2000, 169:8-16

Kimura K et al Hemodynamic and
electrophysiological effects of mitemcinal
(GM-611), a novel prokinetic agent derived from
erythromycin in a halothane-anesthetized canine
model J ToxicolSci, 2007,32:231-9

1 5 A7 F
o,
MAP. SBP,
DBP. HR.
ECG. #7487
1 # L (MAP)
&




7 Gottingen minipigs: 4 4 N AL . bR % (k QT AR5 4 4 B LA GLP 52
%E i

(Z) &A%
B0 LS fE L (Action potential, AP) B E/uE: Bk Y IE ¥ 3
REAR 0T 0 AL 40 HEL 5 1 i AL |y = A o fe 3 204 7| AR 40 R v 7 1 1 R 3k
B E AL TFRNERTNERRE AL, A, E5EQER
AHATHERMASHNE, £ ICH #HH QT MMEK 4% 2% T
AT WEREARZ — . & T o1 B 5 B0 B0 34 18 108 EAT A R

A FENEK 4, RRFEEWNSHTE LK S.
&4 BFTOM AP B FLAF A

AT A 5%

Terrar, DA etal Comparison of guinea-pig ventricular

myocytes and dog Purkinje fibres for in vitro assessment of

drug-induced delayed repolarization J Pharmacol Toxicol

Methods, 2007; 56: 171-85

Lightbown ID et al Towards automation of a valuable

A 78 B BT 4 preclinical cardiac safety pharmacology assay: Evaluation of
Y the effects of cardiac ion channel blockers on cardiac

repolarisation in vitro J Pharmacol Toxicol Methods,

2007;56:194-202

Limberis JT et al The effects of plasma proteins on delayed

repolarization in vitro with cisapride, risperidone, and D,

[-sotalol J Pharmacol Toxicol Methods, 2007; 56:11-7

Himmel HM  Suitability of commonly used excipients for
electrophysiological in-vitrosafety pharmacology assessment of|
effects on hERG potassiumcurrent and on rabbit Purkinje fiber
R 38 B BF 4T |action potential J Pharmacol Toxicol Methods, 2007; 56:

Y 145-58
Ducroq J et al  Action potential experiments complete hERG

assay and QT-interval measurements in cardiac preclinical
studies J Pharmacol Toxicol Methods, 2007; 159-70




R L E AL

28 L

Hagiwara T et al A comparative study of the fluoroquinolone
antibacterial agents on the action potential duration in guinea
pig ventricular myocardia Jpn J Pharmacol, 2001; 87: 231-34
Shuba LM et al Action potentials, contraction, and membrane
currents in guinea pig ventricular preparations treated with the
antispasmodic agent terodiline JPET, 1999; 290:1417-26

e F 5L

AL

Hayashi S etal QT PRODACT: a multi-site study of in vitro
action potential assays on 21 compounds in isolated guinea-pig
papillary muscles J PharmacolSci,2005; 99:423-37

Langendorff
B AR fE

Milberg P et al Proarrhythmia as a class effect of quinolones:
increased dispersion of repolarization and triangulation of
action potential predict torsades de pointes J Cardiovasc
FElectrophysiol, 2007; 18:647-54

Clements-Jewery H et al  Actions of flecainide on
susceptibility to phase-2 ventricular arrhythmias during infarct
evolution in rat isolated perfused hearts British J Pharmacol,
2006; 147: 468-75

ChengHC and IncardonaJ Models of torsades de pointes:
effects of FPL64176, DP1201106, dofetilide, and chromanol
293B in isolated rabbit and guinea pig hearts J Pharmacol
Toxicol Methods, 2009; 60: 174-84

7R Bl R
ERENE
AL AT A

ChenX et al Use of arterially perfused rabbit ventricular
wedge inpredicting arrhythmogenic potentials of drugs J
Pharmacol Toxicol Methods, 2006;54: 261-72

Liu T, Brown BS, Wu Y, Antzelevitch C, Kowey PR, Yan
GX.Blinded validation of the isolated arterially perfused rabbit
ventricular wedge in preclinical assessment of drug-induced
proarrhythmias Heart Rhythm 2006; 3: 948-956

B R AE A e YU K VT BE AT GLP



x5 QFFERALRBRFHNERSHKTE

ZRERWNSHTE P
MR IR # 3
1 I — AN 2R A BT B B BT A 4 4 S LA 3R 4
JiL T BROGR 8 BB A 4 A sl LB Rk 4
Mt & +
EEEEE 37°+1°C) THATRE +
Gt F AT +
WmE R GLP £k E, REFERWH LT +
i &= +
R Z GLP L% =, EkF F&RiE#1](Quality Assurence Unit|  +

QAR E, BFHEEF. KEMRENLE

[ 53 B R

1. De Clerck F et al, In vivo measurement of QT prolongation, dispersion

and arrhythmogenesis: application to the preclinical cardiovascular safety

pharmacology of a new chemical entity, FundamClinPharmacol,

2002;16:125-40.

2. Sanguinetti MC, Mitcheson JS, Predicting drug-hERG channel

interactions that cause acquired long QT syndrome, Trends Pharmacol

Sc1,2005;26: 119-24.

3. Lawrence CL et al, Nonclinical proarrhythmia models: Predicting

Torsades de Pointes, J] PharmacolToxicol Methods,2005; 52: 4659

4. Guth BD, Preclinical cardiovascular risk assessment in modern drug

development, ToxicolSci, 2007; 97, 4-20.




5. KettenhofenR,Bohlen H, Preclinical assessment of cardiac toxicity,
Drug Discov Today, 2008;13:702-7.

6. Sugiyama A Sensitive and reliable proarrhythmia in vivo animal
models for predicting drug-induced torsades depointes in patients with
remodelled hearts, Br J Pharmacol, 2008;154:1528-37.

7. Valentin JP, Hammond T Safety and secondary pharmacology:
Successes, threats, challenges and opportunities, JpharmacolToxicol
Methods,2008;58: 77-87.

8. Valentin JP etal A framework to assess the translation of safety
pharmacology data to humans, J PharmacolToxicolMethods,2009;60:152—58

9. Amanfu,RK , Saucerman, JJ, Cardiac models in drug discovery and
development: a review, Crit Rev Biomed Eng,2011;39:379-95.

10. Mikhailov D, Traebert M, Lii Q, Whitebread S, Egan W Should
cardiosafety be ruled by hERG inhibition? Early testing scenarios and
integrated risk assessment, (Bernard Faller and Laszlo Urban ed, Hit and Lead
Profiling- Identification and Optimization of Drug-like Molecules, 2010;
Wiley-VCH Verlag GmbH & Co KgaA.



