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TIC total ion chromatogram

tr retention time

Tris tris(hydroxymethyl)aminomethane
U unit

U value total interaction energy

Vmax maximum velocity

vl



S

EIMBHFE 21T 9124720, EFERMEMIEEMD v F TOIZIB LOFEED TR0,
i) 2 AN TRl & OFERGIREABR O FEMi A3 B L3R D BT 5. FERRIRFRER 0O JFE 52 5t
AL E, 1961 47, MATEESFSE L o7 U R~ o REERFRAE LT, MR
[ R S DA GR R FE I B e JERE R R W T S I A 72 o 7=, BV R~ A K&
ZzlF, 1963 A DIEREIRER T A K74 L Th 5 TR KT T REITEE T 5 ik
BETA T4 ) D@, DBBIEICEDLE TRADOTA K74 URHIESNTE
7o, FEERRBR CIET— IS s HEE LTI v RBIXW~ U X, T o lfHE LTA X,
WX, THEBRLIOYVEMEH IILTWDD, T=7 A P o FZREMW)IZ T
BRIz e MTES, EYoARNEREL b M EFHEIL TR Y, FEMKRRIAH S AT D
HEREYHETH S.

P450 |3t M2 FELRFEMRBWER TH Y, IR THEAN SN TWDED 7HILL Lo
R FLGT L LBRESNTND. ZDOHFTH CYP3A I LU CYP2C 43 1-F# (CYP2C9
B L CYP2CL9) IFFEMRH ~DFH R KR E NI EAHHI TS (Williams et al., 2004) .
L7=i3->C, #LMIZE MIEWH =7 4 PIUZEWTH, Zih P450 41D 3K i
AL S ORBA~DHFEIIRENWEHEINDLT2D, b & =7 A L O3EYAHD
iz PR+ 5 ECEEEEZ OGNS, CYP2C S RICEL TIL, =7 A VIOl
IZBWTHE b EFEERIC CYP2CY 38 L TN CYP2C19 DR BINFEGRE STV DA, Zhbic
MZNFINDE | P450 & & KfISBROEALZ2 Y CYP2CT6 3% EL L T % (Uehara et al.,
2011). L7228-5°C, CYP2C76 %t k& W=7 A P OIEMRHNI T HFEED—K & 72
HAREMEN B 2 HILD N, EEE, B2 ARZT 2 (U nfE) ORNEREICI T 5 AN
CYP2C76 IZ L D fRHNTERT 2 Z L 3B 682 ST % (Uno etal., 2007; Yamada et al.,
2003). 51 =2 A YL CYP2C 4y FHE & LTI, EFRLIAMC CYP2C8 35 & U CYP2C18 3]

EIN TS (Komori etal., 1992; Uno et al., 2010). fi4y it MZBWTHRESNT



BY, B b CYP2CS8 I Paclitaxel <> Amodiaquine &\ > 7= EH SO LHIEER CTHDH = &
NS TVW5 (Rahman et al., 1994; Lietal., 2002). —J7, & k CYP2C18 1%, AFlgCTo
2RI E L TORBEITIKRHIEALLTTH Y (Lapple etal., 2003), RFM /2L EILIZ
EAEF BTV (Obach et al, 2001). 7238, =7 A FMIZEBNTH CYP2CL8 D
FHEEIENEBZZ 5N TWS (Unoetal., 2010).

H=7 AWt O CYP2C DT 2/ FEELHIFEFEIVEZ Table 1 (2783 (Unoetal.,
2011a) . 71 =2 A H)L CYP2C Z3 FHEIIXHIGT S B b CYP2C 43 FHEITxE L 90% LA LoD @y
7 X/ BHEIMA RS, CYP2CT6 IXBIANCTH Y, T OMEEIZWT o k CYP2C 43
FHEIZH LTS T0%FREETH 5.

UED XS, B=2AH/) CYP2C 4rFFEIZ L 2 FEMAHHITEE D55 NS L
TWHIeOEMETHD & TRENDD, ZHETICH=Z A PV CYP2C 431D HLER
PRI R D MR 2 EHE I STV R, 2T, RIFETIEE N P450 OEE H
DUVIIPAERZ, =7 A P CYP2C 7 FFED KRIGHEFEBLAR & hs UARHRER 2 E i
5 LT, =7 A YL CYP2C 53 THED SEEFERNE 2 MR TifHT L 7=, 7238, CYP2C18
DIEMRHNZ BT DF G-I NI NWEZ 2 b ic, AL TITRHIZTh R o7, &5

TI&, I =27 A %L CYP2C o3 FHED 5 HLIEMNH OFADHMRITFICHE L BEX B
% CYP2C9, CYP2C19 3 LU CYP2C76 DIE ik D &R G AR Lz, %I~V ETIX
% DI =27 A ¥/ CYP2C 3 FHEICHENZ ST, & Il =TT CYP2C19, % Il =TI
CYP2C9, #i IV B TIX CYP2C76, % L T V & Tl CYP2C8 D ILE MM A 22
SN LTz,

F7o, BV ETIE, AREOERERBEB~OICHEIE LT, & F CYP2C8 E Th 51k
B A O MPIEHE G BRI OV T HoR Lz, IR ICB W CTHBREZ DT b
(Z# 59 251 First-in-Human  (FIH) #BR & RS 5. FIH GRER 2 BAG9~ % B A CREH
A2 T — A IXFERRFHEBR D DA DN b DIZIR G503, EREM L & F ORIk~

IRFEAENFAE L5720, b MR G EREIHOBRII Fo Rl et~ — V0 2B ET 24
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ERHDH. ARETTIE, (LEMAOERGHEEELZE e =7 A P T L, i
DELEND DM~ — U DN TEE LT,
AWFGE @ L, D=0 A4 Vi HOERERBROT — 2 2 E L < e MIIMGET 572

¥, 1 =2 A BV CYP2C 43 F-FE D I K S A MERREAI AT L 72D T, LFICFER T 5.

Table 1. Amino acid identity between cynomolgus monkey and human P450 2Cs.

Human CYP2C8 Human CYP2C9 Human CYP2C18 Human CYP2C19

Monkey CYP2C8 92 78 77 79
Monkey CYP2C9 78 93 81 91
Monkey CYP2C18 77 81 96 81
Monkey CYP2C19 76 93 81 92
Monkey CYP2C76 70 71 72 72

“Monkey” means cynomolgus monkey.
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Williams 51, 7 A U B EREOLS I kv 7 200 DIE IR 2 0~ TR, K9 75%0°
RENZE DR L, SHICEDHK 75%5 P50 ([Z L 2@ ChotzZ LEMEL VD

(Williams et al., 2004). 3 72io %, P450 (Xt NI 5 FEEREMHHERETHS. & b
(2R WWTIE, ZHuE TIZ 50 FFH A B 2 5 BERERY 72 P450 43 T TN FIE S 4, £ OFEEEDNH
&7 ->7TuW5 (Nelson et al., 2004). =?d 95 % CYPL, CYP2 BLXTICYP3 77 I VU —
TFEHNHICEHETH Y, K2 CYP3A 5311 (CYP3A4 5 LN CYP3AS) (3 P450 733 5
THRBPOCNTIR B HFE L TV L EELREYHERTH L. £ LT, CYP3A 4Rl
TN THEDRBA~DOFEBRKE VDN, CYP2C 43 1FE (CYP2C9 ¥ L1 CYP2C19) Th
% (Williams et al., 2004) .

b MIBWTIE, ZHETIZ CYP2C 43 7HEE& LT CYP2C8, CYP2C9, CYP2C18 &5k
ONCYP2C19 D 4 3 FHENRIE STV 5. JTFIBIZ 31T 5 4 43 FREDFEBLE T P450 =KD
) 20%% 5, D96 CYP2CY OEENRRKHEV. LI, LDy FRETT T
80%LA LD T X ERMREIMEZ AL, ARERESMELEHE L TV H Z &b, CYP2CITE MIZ
BWTERLBER2Y 777 I U —Th D (k- 8, 2000; Goldstein and de Morais, 1994) .

—J, W=7 A4Y) CYP2C syFFfi L L TIZ T E TIZ CYP2C8, CYP2C9, CYP2C18,
CYP2C19# L IXCYP2CT76 543 THEMNFE ST\ 5. 7 =7 A /10D CYP2C8, CYP2CY,
CYP2C18 35 L TF CYP2C19 I35}t 9"% & b CYP2C 43 FHEIZ&F L 90%LL o>\ AR
AR, CYP2CT6 Id b MIA—Y m VM HERET, WTnok ~ CYP2C 73 FHIIx LT
b7 2R LV T T0%RRE OFFEIME LAVR S 7220y (Unoetal., 2011a).

N=T AP MITEBNT, b hEDFEMRFICB T HMAELZE 2L LT, b M TEDAGH

~DEENRRKZV CYP2C9 B LT CYP2C19, W NIZ ke MMzA—Y a ZFBN{FEELZR N



CYP2C76 DILERMMEZLNCT D LITEETHD LB b, £ 2 TAIIZET
1%, MR 89 {5 # % LELD I =2 A H)L CYP2C 4y 1-H & St LIGHRER A i T 5 =
SICRY, ZOIERHNEEZMEAICFE L0 T, UTFICHERT 5. ks, AWFJETRE
fili L7z 89 {541k, FDA & 5 ME EMA OFMEBEAEM A 2 A o0NIHA T4
> (http!//www.fda.gov/cder/guidance/6695dft.htm; http://www.ema.europa.eu/docs/en_

GB/document_library/Scientific_guideline/2012/07/WC500129606.pdf) (Zit# D & 5
t k P450 DREWRIEE E72IFAFANS, © b CYP2C o FREDEE L7213 HEAIE L
TR S (Rendic, 2002) D& H{bEWZ BN+ 2 Z LI X VR L. 72%, LC-MS
WZEDMEEZZBEL, £ A AR +538 WIS FEI/ NS <4372 SIN BAG H L7

WEEWIERHE RO & Lz,



528 EBM R L OERTT L

1-2-i e

FEE L UM L= 891 (Table I-1) 1 XA ye ik T 2#k 024k, Sigma-Aldrich, Santa
Cruz Biotechnology, = AENA AR SAHET XTI T4 T ARSI VIEA LT,
H =27 A HL CYP2CY, CYP2C19 35 L OV CYP2C76 Dz »# > /37 X, lwata H I3 KO
Daigo & M F-1% (Iwata et al., 1998; Daigo et al., 2002) (ZHEVy, KiFE &2 E 3 & LIS E7-
BRICHR LI OZMA L. thoETOREL, S5HTH 7 L — Kd DWW IEmmiE i 2 A

— =X VAL



Table I-1. Eighty-nine compounds evaluated in this study

Amiodarone
Amitriptyline
Amlodipine
Amodiaquine
Amoxapine
Atorvastatin
Azamulin
Bufuralol
Bupropion
Caffeine
Chlormethiazole
Chlorzoxazone
Citalopram
Clomipramine
Clopidogrel
Clozapine
Coumarin
Cyclophosphamide
Dapson
Dextromethorphan
Diazepam
Diclofenac

Efavirenz

Erythromycin
7-Ethoxyresorufin
Fluconazole
Fluoxetine
Flurbiprofen
Fluvastatin
Fluvoxamine
Furafylline
Gemfibrozil
Ifosfamide
Imipramine
Irsogladine
Itraconazole
Ketoconazole
Lansoprazole
Loratadine
Maprotiline
Methoxsalen
Miconazole
Midazolam
Montelukast
a-Naphthoflavone

Nicardipine

Nifedipine
p-Nitrophenol
Nootkatone
Olanzapine
Omeprazole
Orphenadrine
Paclitaxel
Phenacetin
Phenylbutazone
Pioglitazone
Piroxicam
Pitavastatin
Pitavastatin lactone
Pravastatin
Proguanil
Propranolol
Quercetin
Quinidine
Ritonavir
Rosiglitazone
Rosuvastatin
Salbutamol

Sertraline

Simvastatin
Sulfadiazine
Sulfamethoxazole
Sulfaphenazole
Tacrine
Terfenadine
Testosterone
Theophylline
Thiotepa
Ticlopidine
Tolbutamide
Torsemide
Tranylcypromine
Triazolam
Trimethoprim
Troglitazone
Troleandomycin
Tryptamine
Verapamil

Warfarin

[-2-ii  AREH OGS

I5MLAPP Fa2—712 1M VU el U o LFEENR (pH7.4) 5uL (RIZEE 50 mM), 4

B 100 M A &/ — /LRI 1 UL GEILEE 1.0 M), 1 = 7 A # /L CYP2C 4y F& (CYP2C9,

CYP2C19 ¥ 721X CYP2C76) Z8i% 2.5 pmol (F&IRFE 25 pmol/mL) 35 X OZRREZK 72.75 L

EWMLT-. 512, 5mM B-NADP KIE#Z 5L, 50mM Zva—26 U g2+ KU v

LUKYRIE 5 UL, 100 UmL 7 v=—2 6 U Bk EEEZKESHE 0.25 pL 36 £ 1V500 mM



Bt~ 7 32> 7 LK 6 L 3L, 100 uL & L7=. 37°CCO0, 15 F721% 30 45 fH
BS#%, LC-MSIMS JliE H OWNIEEME T 5 5nM 7 /L) 7+ - (Positive E— ) &
ZHUWNE300nM A 7 = F A (Negative E— R) ZE&H LKA A ¥ 7 — VAR 200 uL %
WL, Bzl L7z, 21600 g, 4°C, 10 2y 0Bkt o ik % LC-MSIMS THbT

L7z, 728, RIS duplicate TfT- 72,

1-2-iii R B FH L

BB L LCO0, 0.01, 0.05 01BLV1 uM OIEAETKZ 1-2-iil THICHE L TR L.
7272, =27 AH%/N CYP2C /3 FFEFELRI LUN100 UmL 7 /va—2 6 U Rk
B KR ORI V12, TGE AR (F&IRE : 10 mM Tris-HCI, 20%72" V= —/L, 1 mM

EDTA) BIOEEKEZZNEHIRMLT-.

[-2-iv ARG D FSE IR EE ORI E

R UG O FE R ORIE S, #RNESHE 4 % Nanospace SI-2 HPLC 33 X UF Thermo
Fisher Scientific © TSQ Quantum Ultra Triple-Quadrupole mass spectrometer (LC-MS/MS) %
FAVWTHENMi L7=. %7 L% CAPCELL CORE C18, 2.1X50 mm, 2.7 um (BRaE&HE A4 4)
R L7, WA&EILS5 (Positive E— F) F721% 10 (Negative E— ) pL & L7=. B#
FHIZ 0.1 vol% X /KRR (ATR) & 0.1 vol%Xfg A ¥ / —Winik (BiR) #fHL, /7
vy MEZX YN Lz, WiEiX 0.4 mU/min & L=, 7Z Y>> ME, BiR%E 2% CTH
L, 0147 T100%% T LA SH72. 1.6 45 T 100% THERF L72%, 1.7 50 T2%IZEL,
4257 E T 2% THERF L7, ESIEIC L D14 A b, SRM E— FIZ LV F—Z ZHfE L,

ol —r7 27 (REINEEDE) 2Rt oSEREz & L.

I-2-v 77— 2 iRt

BEREIOREME L ER LzmERZ AV, SRR o EREZEE L. OGK



i1 0 0k LN 30 7 DOFREFICE ENDIEREND, 30 MRISHE OIREERGTE (%)
ZEHLUEZ. &5, 100 2 HIEERER (%) 27221L51< 2 & T, 30 Mo G

KD EEHAR () ZHRHLE.



53 HT AR L UES

1-3-i FEEIHEAT v&A

HE 1.0 pM 35 JL U P450 25 25 pmol/mL o S5 1 T 30 45 MG SUS# 0 SLETH R
F % Figure 1-1 1278 L7z, ARIEE RN 20%% 8 2 1B % Y45k P450 4y - FEDILE T
o EHE L., ZORE, KELRoTALEWEIT I =2 A %L CYP2C19, CYP2C9
BLUCYP2CT6 (2BWT, ThL 89 {Lah 34 {LEW, 20 (LEWE LU 19 1LEaw
Tholz.

PA50 |2 X B2 RHBIIEI A=Y A« AT URUTHED Z &0 D, EERENE T,
REHEIIRELSRY, RISEXVIRARLT <D, ARETTOEEREILZ 1.0 uM TH
0, ALEWDBFFO— R KnfEL Y b +IRWRETH D LB 2 bz le), ARG
RIZB W TS E O/ S WDREHSICOW IR T 2 WA BN B 2 bz, E
B, BERICIBW T =2 A ¥/L CYP2CO 1ZEE IR E 1 mM (235 T Diclofenac % (Mitsuda
et al., 2006), CYP2C76 |ZE L 100 uM 35 K ONZ 20 uM 1235 T Tolbutamide 33 L OF
Bufuralol 24U 2 2 L 23 ST\ 528 (Unoetal., 2006, 2011b) , AfREHZ
BWTIEHINOLDEWOREITIZE A EEE R0 o7, UL, REBRMICK T 2 ER
FEEDOISFMDOEICERNT LD TH L EEZ bV, £z, Lila Iz 5 &,
AGRER R TR S BB Y, M54 P450 I L Dl 22 T oibemTh b &5
Z bz,

b MZBWT, CYP2C JpFHlITsrFHif CHRMD &<, WEAFRENEEL TS
TEBRBILTWD A, ARFTLY, B=2AF/L CYP2C 43 F-FEIZIB\N T b [RIER OB

RO L. T2 Amitriptyline <2 Clomipramine O X 9 I2W T D0 FREICE W T S
R S B EE%=°, Amlodipine < Amoxapine @ X 9 [T D5 FFEICBW T HIEE A
ERE A Z T 2 MBI A BB LCRR D BT S, B — D0y TR T O SRR DY

AT LIALEMTI T —ETH o7z, B0 FREICEmWEIRMEZ R LB RSSO0
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P450 for 30 minutes.

Figure 1-1
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ABRFHZL Y, H=27AF/L CYP2CI, CYP2C19 i3 LU CYP2C76 D FE ikl D2 fk
Gafed 52 LN TE. 891bET 34 ke, 20 (kB KLU 19 b&awns, i
P =2 A YL CYP2CL9, CYP2C9 B LINCYP2CT6 DILETH D Z L AL E /2o
oo BN E, FINEBLOEIVEICT, TRENOH =2 A Y CYP2C 5D

FERRAMEICSWT, K0 SRR R 2Rk 9 5.
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b MW T CYP2CL9 (T R MR O —->Tdh 1, S-Mephenytoin, Imipramine,

Omeprazole, Diazepam 33 L O" Propranolol ZE DY ORBFHIE G35 Z L35I TV D
(g - $ieis, 2000) . 771 =2 A FILOFIRIZ IV T H CYP2C19 DR BB STV 5.

J1 =27 A H#/L CYP2C19 ILE k CYP2C19 3 LN CYP2CO (2@ W HEMEZ R L, 7 X /g
FFEMEZENZH 2% L1V 93% TH 2 (Uno et al,, 2011a). L7=A->T, h=27A %L
CYP2C19{3t |k CYP2C19 £ 7-1% CYP2CO [ZHAM L - IR 2" Z E T EN .
ZIVETIZ, =7 A L CYP2C19 iX Diclofenac, Flurbiprofen, Omeprazole %3 & OF Warfarin
EWofot b CYP2C EEHZMHT 5 2 LA ST % (Unoetal., 2011c, 2014; Hosoi
etal., 2012). LU, ZOREFRFEMEICEET 2N 2BREHIIThI TR,

Z 2T, AWFETITHR 89 (k& a MV, =2 A ¥/ CYP2C19 O JEEFEGkIE 2
BIZFEMNT L, B b CYP2C19 33 LN CYP2CY &bl L7z, & 5, fthodh =27 A4 #/1L CYP2C
5y 1#E (CYP2C9 5 LUV CYP2CT76) 12k~ CYP2C19 |Zkf LW IRIEZ /R L, 2o
FTH =7 A PIUZEBWTREIFFED STV 720 Loratadine (22 C, CLinfEOE R

FUERBIOREETT 1.
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528 EBRM R L OERTT Ik

-2-i 3R
Loratadine /% Sigma-Aldrich X WA L7-. & k CYP2C19, CYP2D6 ¥ L O* CYP3A4 ®
FH 2 & 27 RBIRIL Coming K VHEA L7, ZOfORED ATk L OGR4

I 1-2-i THIZHE L 7.

-2-ii  AREHSUS
PRSI T FEARRIZ 1-2-ii THICHE U TS L7z, 7272 L Loratadine O TR,

SE OB Z 10.0 pM,  SUSHFH 2 60 7ofd & L7z,

l-2-iii  ArERE O R

-2-iii T U CHEHE L7z,

-2-iv SRR O FEE R FE OHIE

I-2-iv TEIZHE U C e L 7=,

I1-2-v  Loratadine O /04T

R 5T 1E, RS 4E 425 0D Nanospace Nasca2 HPLC 35 J2 Of Thermo Fisher Scientific
@ Q Exactive Plus hybrid quadrupole-Orbitrap mass spectrometer (LC-MS/MS) % T3
L7-. 57 A% CAPCELL PAK C18 ACR, 2.1X150mm, 5pm (RSt AR) 266 H
L7-. dAEIZI0UL & L7, BEFEIE 0.1 vol%Xe/KkiEiR (A#R) & 0.1 vol%=fE 2 #
J—=VRIR (BIR) L, 77 vy MEZ LV 58 L7z, WiiElX 0.4 mL/min & L7z,
77Ty MY, Bi#lZE 2% THM L, 3.0 £ THERFL72. 3.0 457205 50.0 53122 TV

=7 7T VT T 100%IC EF -S4, 55.0 43 F T 100% THERF L 7. 55.1 471C 2% L,

-14-



60.0 43 F T 2% CHERF L7=. ESI Bl XD A1 41k, Full scan ©— K& 5 % Data

dependent MS? scan & — FIZ L F— & 2B L, R#MOHE2IT-7-.

-2-vi 7 — % figthjr

30 3 I DA SOGIZ K 2 BB TR (%) OB 1-2-v BEIZHE U THEM L 7.

CLin I FORIC L W BH L7e. 7285, kIiEf Gebdh) (CHUEMRES, Al s
Ml (0, 15 KT*30%) #& 0, EMHREIFLTER LI 7 70ME & L.

CLint (mL/min per nmol P450) = k (/min) X (mL incubation) / nmol P450

N-2-vii Ry¥r 7 vIalb—Tav

H1 =7 A ¥V CYP2CL19 O— KIS % & k CYP2C19 O i (Protein Data Bank code
4GQS) LB LADLEDLZ LT, =7 A4 P ILCYP2CI9 D3R iiEiEEET ) 7 Li-.
£7 U > Z71Z1% Molecular Operating Environment ~ 7 ~ 7 =7 (version 2013.10, Computing
Group) A L. RoyForvIalb—yarilders, 7Y 7 Lz 3 Rooks
DT RLF—% CHARMM22 force field (2L W f/MEL7z, Ry 7y Ialb—vay
|21 ASE Dock software (Ryoka Systems) Z{#H L, U value 35 KX O 2 & AREHIAL O BREfE

PEH L.
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53 HT AR L UES

-3-i EEHEAT v A

89 (LW 34 ALEMNTIS\NT 30 3 RIS DEEEIHRRIT 20% 282, h=7
A PV CYP2CL19 IZ L W eIl s s Z vk a vz (Figure lI-F1IA). ZHuEToOE
kN CYP2C EHZHWifFEhz L v, =24 %/ CYP2C19 i Diclofenac, Flurbiprofen,
Omeprazole ¥ & O Warfarin & Wo 723 4 R4 2 2 L3 ST d (Unoetal.,
2011c, 2014; Hosoi et al., 2012) . AHFFFEICHENTEH, I bDEMIEII =2 A P
CYP2C19 I L 0 oo it 252 1) 7=, BBV Z & 12, Diclofenac, Flurbiprofen 35 KX O
Warfarin {3t F TIi& CYP2CO9 O~ — U —HE TH %77 (Leemann et al., 1993; Lee et al., 2003;
Rettie et al., 1992), 7 =7 A H# /L ClZ CYP2CO Tix72< CYP2C19 I2 kv =& LTEI s
7z.

%< DH =27 4P/ CYP2CL9 HHEIZ, [FIRFIZ CYP2C9 & %\ ME CYP2CT6 12X ->Th
#2315 72725, Bufuralol, Diazepam, Diclofenac, Flurbiprofen, Loratadine, Midazolam,
Omeprazole, Propranolol 33 & TF Warfarin {22 Ti%, Figure I1-1B (23517 % Relative ratio 73
CYP2C9 35 L UM CYP2C76 DM HIZIHNT 0.2 L0 /h& <, CYP2C19 (Zxf L T iR
oLz, 260 9{bE# 5 B Diazepam 36 L U Omeprazole (%, & MZB W THEEL
TCYP2CLY IZ L WREF &N D Z & AiE ST 5 (Jung etal., 1997; Karam et al., 1997) .
Bufuralol, Midazolam ¥5 J2 Of Propranolol 1%, t MZHBWTIEEINZEiLFIZ CYP2DS,
CYP3A4/5 35 L TN CYP2D6 (2 J 0 R &5 23, [FIRFIZ CYP2C19 DEEAE TH & 5

(Mankowski, 1999; Emoto and Iwasaki, 2007; Ward et al., 1989) . Diclofenac, Flurbiprofen i3
L O Warfarin Xt N TIZCYP2C9 OD~— U —E TH % (Leemannetal., 1993; Lee et al.,
2003; Rettie et al., 1992) . Loratadine ¥t ~ CYP2C19 OFHEHITH % (Nicolas et al., 1999,

Barecki etal., 2001). VA XV, =7 AW/ CYP2CL9 |Z & EIRMZR L7T- 9{bEWIT

-16-



F_T, B FCYP2C19 %7213 CYP2CO DEE & D WITHEAI L L THEDH 2LEMT
HoTz.

Rendic (2002) 35 & UM #45 (Lee et al., 2003; Emoto and Iwasaki, 2007; Nicolas et al., 1999,
Barecki et al., 2001; Scott et al., 2013; Nishiya et al., 2009; Wen et al., 2001; Rastogi and Jana,
2014; Obach etal., 2005) (2 & % &, JEIHARD 20% %8B 272 34{bEaMD 5 5, 191bH
% (Amiodarone, Amitriptyline, Bufuralol, Clomipramine, Clopidogrel, Clozapine,
Cyclophosphamide, Diazepam, Diclofenac, Imipramine, Lansoprazole, Loratadine, Midazolam,
Omeprazole, Propranolol, Sertraline, Testosterone, Troglitazone ¥ X X Warfarin) i<t h
CYP2C19 DIEE L L THILN TV DY Th o 7. £72, 14 5% (Amitriptyline, Bufuralol,
Clozapine, Diazepam, Diclofenac, Flurbiprofen, Lansoprazole, Omeprazole, Phenylbutazone,
Rosiglitazone, Sertraline, Testosterone, Troglitazone 5 & O Warfarin) Xt ~ CYP2C9 ® %
BELTHOLNTWAEM THoT-. =71 H% /)L CYP2CLI it | CYP2C19 5 LI
CYP2C9 DMK IT@ENT X/ BerAAIME (92%35 LTV 93%) A/nd 2 L&2BETLHE, Ei
DFERITIEY THDH LB 2 L. S BT, 34 {bEWH 211659 (Amiodarone, Amitriptyline,
Clopidogrel, Clozapine, Diazepam, Fluoxetine, Gemfibrozil, Lansoprazole, Loratadine,
a-Naphthoflavone, Nicardipine, Nootkatone, Omeprazole, Orphenadrine, Phenylbutazone,
Quercetin, Rosiglitazone, Sertraline, Ticlopidine, Troglitazone %5 J Of Warfarin) (X & ~ CYP2C19
71T CYP2CY DIHFAIE L THEDH LG Th 7. =2 A ¥/ CYP2C19 (T k
h CYP2C19 I8 L TR CYP2CY (Zim\ 7 X/ WRAHIFINEZ 7R 9772, 3 3 O IEERERER AL DFH
PHEEEmOEHER Sz L LR b, B 7T I 7 BB OE )3 PA50 @ 3
WICHBEDIEWICEE L, & FTIEHEA L 2GR =27 A PV TIREE L o7
AREPEN B 2 Bz, 7835, b b CYP2C19 £7-13 CYP2C9 D HE s L UPHEA & L TH
EDOIRNMEEWIZL, 34 LA 4 1bEH (T-Ethoxyresorufin, Methoxsalen, Pitavastatin lactone,
¥ L O Troleandomycin) T o7=. LLEXY, =2 A ¥/L CYP2C19 O IEFRFMEIL &

N CYP2C19 F7-13 CYP2CO |2 ELIT A & E 2 b T,

-17-
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mCYP2C9

mCYP2C19
OCYP2C76
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il

onel aARe|Y

Substrate disappearance of compounds metabolized by recombinant

1-1.

Figure

Substrates (1.0 puM) were incubated with each recombinant

cynomolgus monkey CYP2Cs.

P450 for 30 minutes. The substrates whose disappearance by CYP2C19 exceeded 20% are shown.

Substrate disappearance (A) and the ratio relative to CYP2C19 (B) are shown.

HOBEF 7YV T T A

Loratadine 1%

11-3-ii

A XT3 (Nicolas et al., 1999;

-
—

Loratadine It s CYP2C19 OIHEAITH 5

¥ 72, Loratadine iZt + CYP2D6 & LU CYP3A4

Barecki et al., 2001; EMA guideline) .

T,

#f %217 Desloratadine & 72% (Yumibe et al., 1996).

<hY, ft

-
"

PF:S

t h CYP2C19 2B 595 &9 i & % (Ghosal et al., 2009)

-
—

Desloratadine DA ffi
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(Figure 11-2). Loratadine (X7 =7 A #/L CYP2C19 (Z@mW &R 2 R L7225 (Figure
1-1B), W=7 A PNITHT % Loratadine RE#NZBAT HHEIL N E TIiTiv. £Z T,
B =7 A Y CYP2C 73 7-fil L O  P450 73 7-FE D Loratadine (Z5xt9 2 G4
M L7, EORER, =27 AW CYP2C 43 FFEIZ8\ T Loratadine fRE#HIZ K32 1E
1% CYP2C19 TR % <, CLint X CYP2C9 £ 721 CYP2C76 D) 15~30 f5= 2o 7=.
ZOfEIZE F CYP2C19 %7213 CYP2D6 L [FIfRETH Y, & h CYP3A4 D 5 FRETH
o7= (TableII-1). Ghosal & (2009) %, FEEREE 8nM BELUN26 )M IZHB\T, b k
CYP2C19 1 L O CYP2D6 (Z & % Desloratadine ER#HFEA E b CYP3A4 LY ¢ 3~10
fEHWZ &2 L TWD . ABFEIZEIT 5 Loratadine 21X 1.0 yM TH D Z &b,

BONTRRITBEREFRFETHL Z LRI,

/\‘0)%0 :

Desloratadine
Loratadine

Figure 11-2. Chemical structures of loratadine and its main metabolite desloratadine
formed by human P450s (i.e., CYP2C19, CYP2D6 and CYP3A4).
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Table 11-1. Intrinsic clearance (CL;,) values for loratadine

P450 CLint (ml/min per nmol P450)
Monkey CYP2C9 0.11
Monkey CYP2C19 3.01
Monkey CYP2C76 0.20
Human CYP2C19 3.39
Human CYP2D6 4.83
Human CYP3A4 0.57

“Monkey” means cynomolgus monkey.

I1-3-iii  Loratadine fi#{#1 7> LC-MS/MS 534t

Loratadine 1Z5 =7 A #/L CYP2C19 N & ~ CYP2C19, CYP2D6 ¥k OF CYP3A4
ICEOVRHEND ZERHLNE RS T2, LC-MS/MS % W e R ot 217> 7-.
T ORFERERH] () BLOMS/MS 77 7 A2 R =27 A ¥/ CYP2C19 &t b
P450 /3 FREC—H L= &b, H=27 4%/ CYP2C19 IZB WV THE MIBITDHENR

#W T 5 Desloratadine 23T 5 2 & g L7 (Figure 11-3, 11-4).
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Q
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T a E a E a E a . [
> ] ] ] ]
0o = E = 3 P
N E E E m/z383.152 [ |
Z E E E (Loratadine) I
@© g g
g 3 = = =
E b 1|k ] b 3 |b s
E 1 E E G e
3 E E E m/z311.431 \_ WL
E 3 E - - _
E E E E (Desloratadine) A
] ] ] 3 )
1: 20 30 40 1; 20 30 40 17 20 30 40 1: 20 30 40 ’
tr (mMin) tr (min) ty (min) tr (Min)

Figure 11-3. Chromatographic profiles of loratadine after incubation with recombinant
cynomolgus monkey CYP2C19 (A), human CYP2C19 (B), human CYP2D6 (C), and human
CYP3A4 (D). Loratadine (10.0 uM) was incubated with each recombinant P450 for 60 min, and
the reaction mixtures were analyzed by LC-MS/MS in positive full scan mode. Peak a, loratadine;

and Peak b, desloratadine.
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Loratadine

A P B 28 C g8 D 2 (m/z 383.152)
B B8 g B g8 N 0%
_ 5 _ _ _ A
7 a 1 a 1 a 1 a
o ] ] ]
g ] g2 ] L ] 83 ] 83
3 - 78 1 28 i 23 1 7
c 1l lual Ll Jual
= e g £ B
2 p= = p= p= .
3 ~ & ~ 2 ~ 2 B 2 Desloratadine
Z 1 p 1p 1b 1 p (m/z 311.131)
T - 4 J N . 26813
T ] ] ] i
e 3 f 3 g 5. . 3
3o &_ S5 S
] g ] BT ] F= ] 3=
8 s b =N : ENEd b 35
1 g 1 8 7 & i 5
H....uuliu.‘.—‘..‘.... J\\\\\ e J‘.‘..‘ .‘.‘..‘.HI\‘..H”
100 200 300 400 100 200 300 400 100 200 300 400 100 200 300 400
miz miz miz miz

Figure 11-4. The MS/MS spectra of loratadine (a) and desloratadine (b) formed by
cynomolgus monkey CYP2C19 (A), human CYP2C19 (B), human CYP2D6 (C), and human
CYP3A4 (D). Loratadine (10.0 pM) was incubated with each recombinant P450 for 60 min.
Processed samples were analyzed by data dependent MS? scanning mode; polarity: positive,
normalized collision energy: 30 V, precursor ion: m/z 383.152 (a), and m/z 311.131 (b).

-3-iv RyFrr7vIalb—var

Loratadine & 7 =7 A H#/L CYP2C19 B LU h CYP2CIO D Ky F o /v I a2l — 3
VEAToT. U ab— a3 YORER, Desloratadine ~DRFBFALN L DO HULE ] X
EALLTEY, Uvalue B8 LA LB TH 2 REFFOHREHT, =271 %1
CYP2C19 TlEZZNZEH-35.0 kcal/mol 53 L *3.8ATH Y, & k CYP2C19 TixZZ4-69.0
kcal/mol B L U3.2A TH-7= (FigurelI-5). ¥ = b —va UEERIII =7 4 P LicE
VT Desloratadine 23 E% L1325 Z £ 2R LTHE Y, LC-MS/MS % W7 # ks

RaeXFFTHHDOTHoT.
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Loratadine

Heme

Monkey CYP2C19 Human CYP2C19
U=-35.0 U=-69.0

Figure 11-5. Docking simulation of the interaction of loratadine with modeled cynomolgus
monkey (A) and human CYP2C19 (B). Oxygen, nitrogen, and iron atoms are colored with red,
blue, and light blue, respectively. The total interaction energies (U value) of loratadine with
modeled cynomolgus monkey (A) and human CYP2C19 (B) were -35.0 kcal/mol and -69.0
kcal/mol, respectively. The distances between metabolism sites of loratadine to heme iron of
cynomolgus monkey (A) and human CYP2C19 (B) were 3.8 A and 3.2 A, respectively.
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AMFHZ LD, B & P450 o FHEOILE R L OMHEA] 89 (LA T o0 =24 ¥ v
CYP2C19 D ILE G2 3FA L 72 K5, 34 (LB T =2 A YL CYP2CL9 DILE L 72 %
ZEDREINTZ. EDH B 0{LEMILE F CYP2C19 & 5\ ME CYP2C9 OFVE F 72 13 [HE
Al LTHESNTWDILEM Th -T2, 7*d, B b CYP2CY9 O~— I —ETHD
Diclofenac, Flurbiprofen 35 & OY Warfarin (%, 77 =7 A % /L CiZ CYP2C9 Ti%72< CYP2C19
Ik FEE LTRSSz, Loratadine fREHICIHWT, =21 ¥ /L CYP2C19 IFt |
CYP2C19 L A% D CLinfliZz L, E7b MIF1T 2 ERHW T % Desloratadine % £k
Liz. LLEXD, =249 CYP2C19 (Tt k CYP2C19 3 LU CYP2CY ([T H LI L
T AERBRNE 2R 2 LRI ST ks, ARET TR S =7 A 1 CYP2C19
R mWERELZ S o> TREF S 7e 9 k&% (Bufuralol, Diazepam, Diclofenac,
Flurbiprofen, Loratadine, Midazolam, Omeprazole, Propranolol 3 &Y Warfarin) %, 7=

7 A YL CYP2CL9 O~ — N —FE & 72 D etk p RIg X7z,
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FE =AY/ CYP2C O EE 8k

i
[EY
b
=
i

bt MZBWT CYP2CY (TR M EiEER D—->ToH V, Diclofenac, Flurbiprofen,
Phenytoin, 35X " Warfarin Z2 03 OB G425 Z &R bnTn5 Uik - Sk,
2000). H =27 A FILORFIRIZIB N TEH CYP2CY ORBLNHER SN TS, =7 A H)L
CYP2C9 it K CYP2C9 35 L TN CYP2C19 IZEWWMHEIAMEZ R L, 7 2/ BBMERMEITENE
L 93%F LN 91% THDH (Unoetal, 2011a). L7z ->T, H=7A %L CYP2CO Tt k
CYP2C9 #7213 CYP2C19 [ZHM LI BRI 2 n§ Z & PSS, ThETIS,
41 =27 A /L CYP2C9 (% Testosterone, S-Mephenytoin 5 & Ot Diclofenac &\ > 7=t K CYP2C
FEENRHT 52 L AME I TWwW5d (Mitsuda etal., 2006; Uno etal. 2006). L»L, £
SUE RN B D MR e R IIAT DAL TR,

Z 2T, ARWFFETIEHR 89 (kAWM E VY, =7 A ¥L CYP2C9 D FEE Rk %
FICHEAT L, B F CYP2CO9 B L UNCYP2C19 L fk#g L7z, £7=, ftho b =2 1 ¥/ CYP2C
5y fFE (CYP2C19 35 LU CYP2CT76) (ZE~X CYP2CY (Zxt L iV visRME 4 71k L 72 Efavirenz
IZ2WTC, ClinEORE B KOEREWORIEZIT-7. EHIZ, Efavirenz O =AY T

& % 8-Hydroxyefavirenz OB 22U TR SRR AT 21T > 72
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528 EBRM R L OERTT L

-2-i 3

Efavirenz 33 X T" 8-Hydroxyefavirenz (X% 4141 Sigma-Aldrich ¥ X T Toronto Research
Chemicals L VA L7=. =2 4%/ CYP2B6 Otz % L /37X, Iwata HE LIV
Daigo © ®Fi% (lwata et al., 1998; Daigo et al., 2002) (ZfE\Vy, KFFE &M £ & LI ST
BICHERLZb0Z2MEH L. b - CYP2B6 Oz # o /37 B3 E1341% Corning L i
AL7z. H=I AP NVBLOE hOfFI 7 v Y —AT BioreclamationlVT LV A L7z,

T OMORIED NFHeds X ORI IRIT 1-2-1 BICHE U T

-2-ii  ARGHEUS

PREH SO IXFEARMT 1-2-1i TEICHE U CHEJi L7-. 7272 L, Efavirenz DEHP IR,
FEOMKIEEZ 1.0 £7213 10.0 uM, SEEM % 60 43 & L7z, F£7=, 8-Hydroxyefavirenz
AE RO D FEmIIfRAT IR, FEOKIREA 05, 2,5, 20 5L OP50uM & L, &7
BOKREE D=7 A PN 7 1Y —ATiE 0.1 mg/mL, H=72A+%/L CYP2C BLW
CYP2B6 812 Tlid P450 DR % 10 pmol/mL & L7=. 7835, BUSKERIE 10 5 & L

7.

1-2-iii - B ERE O FRRL

[-2-iii THICHE U Cofu L7z,

N-2-iv RS DS BRE OHE

[-2-iv THIZ B U C % H L 7.
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I11-2-v  Efavirenz OfE 54T

[1-2-v IEIZHE U T3 L7z,

-2-vi 7 — 2 fighf
30 Sy I DRSS £ 2 FEIH IR (%) ORHIT 1-2-v THICHE U T L 7=, Clin i
DOFLHIE 11-2-vi T2 4 CCFhfi L7z
8-Hydroxyefavirenz A= il 5Ot 0 3K BE G O AT I, FEBRIBEIFE /34T Y 7 & KaleidaGraph
(Synergy Software) Z W\ TiT o 7. 7ods, ZEFLEN RO 6756 OBRYFEIE, V= Vi

« [SU(Km + [S]+ [SI/Ks) & L7=. 72771, KB EEKE L=

M-2-vii Fyxr 7y Ial—av

1 =2 A %L CYP2CY I3 LN CYP2B6 O —kEl4 %, & ~ CYP2C9 (Protein Data Bank
code 10G2) # X (X CYP2B6 (Protein Data Bank code 4191) Ot & o LAbHED =
& T, W=7 AL CYP2CO B L NCYP2B6 @ 3 Rt &# €T U v 7 Uiz, LUAFRO#IE

P N-2-vii ZEICHE T L7z,
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53 HT AR L UES

-3-i EEHEKT v A

89 LA 20 fL AT T 30 3 MG LU D AETHARIT 20% 2B A2, W=7
A YL CYP2CO IZ L Dl R s D Z &Rz (Figure HI-1A) . LA EDT
=7 A YL CYP2CO JE L, [FIFFIZ CYP2C19 & 5\ X CYP2CT76 (2 X » CH R &1 T
7273, Efavirenz |3 CYP2CO |Zxf L s\ Ve Z 7~ L7z (Figure 111-1B).

Rendic (2002) J5 L UM #+: (Transon et al., 1995; Yamazaki et al., 2000; Wen et al., 2001;
Obach et al., 2005; Nishiya et al., 2009; Scott et al., 2013; Xu and Desta, 2013; Rastogi and Jana,
2014) 2k D&, HEWHERN 205 B2 7= 20bAMD 5 5, 6{LEY (Amitriptyline,
Diazepam, Fluvastatin, Sertraline, Testosterone 33 & OF Troglitazone) Xt k CYP2C9 D FLE
ELTHOBNTWDLIEMTH - 7. £72, 7 kA% (Amitriptyline, Clomipramine, Clopidogrel,
Diazepam, Sertraline, Testosterone 35 X Of Troglitazone) it k CYP2C19 OFEE & L CTHID
NTWHEY)ThHoT-. =7 A% /L CYP2CI Lt k CYP2CI }5 L OF CYP2C19 DX 1T
BT X BRFARIME (93%F LN 91%) T I L2 EET S L, EROMRIIRETH
HEBZ BNz, BT, 20{LE®T 15{b&% (Amitriptyline, Clopidogrel, Diazepam,
Efavirenz, Fluvastatin, Gemfibrozil, a-Naphthoflavone, Nicardipine, Nifedipine, Nootkatone,
Pioglitazone, Quercetin, Sertraline, Ticlopidine 35 X Uf Troglitazone) IXt ~ CYP2C9 F 7-i%
CYP2C19 DILEFH| & L THEDH 2L Th -T2, =7 A %/ CYP2CI 1Tt F
CYP2C9 &5 LN CYP2CL9 T\ T X/ BRMFIME 27720, 3 3 O FERBRkHT AL D FALIE
FEmWEHER STz, L LR, BT I 7 BRELHIOE S PA50 @ 3 IRIT
HEIEDEWTZE L, b M TIIEEAR & 22BN =27 A P TIIHRE & 72> 7wl HE
PERBE 2 bz, 783, B b CYP2C9 F£7-1% CYP2C19 D ILE 5 L OPHEA & L Tt O

RuMbEIE, 201bE%H 31bAY (7-Ethoxyresorufin, Pitavastatin lactone 33 31 OY
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Substrate disappearance of compounds metabolized by recombinant

-1

cynomolgus monkey CYP2Cs.

Figure

Substrates (1.0 uM) were incubated with each recombinant

P450 for 30 minutes. The substrates whose disappearance by CYP2C9 exceeded 20% are shown.

Substrate disappearance (A) and the ratio relative to CYP2C9 (B) are shown.
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I11-3-ii  Efavirenz X OREHF 2 V7 7 %

Efavirenz |<5 =727 A ¥/ CYP2CO IZEVERMEZ /R L7223, B hTiX CYP2B6 D~ —
H—FEETHDH-® (Ward et al., 2003; Bumpus et al., 2006), =714 FLrEBLNE
CYP2B6 @ Efavirenz (x4 B RHHEMEICOWT HF L. £ OFK5 %, Efavirenz 137 =
7 AP CYP2B6 IZ L » TRIFE A ERE ST, £D ClinfliiZ =7 A ¥ /L CYP2CY
D U0 FRETH -T2, 7285, & b CYP2B6 |12 L 5 Efavirenz {X#t D CLin i =27 A L

CYP2C9 L [FIFEE T ~7= (Table l11-1).

Table 111-1. Intrinsic clearance (CL;,) values for efavirenz

P450 CLint (ml/min per nmol P450)
Monkey CYP2C9 1.54
Monkey CYP2C19 <0.10
Monkey CYP2C76 0.14
Monkey CYP2B6 0.15
Human CYP2B6 1.86

“Monkey” means cynomolgus monkey.

I1-3-iii  Efavirenz fS#{#) ® LC-MS/MS 7347

b NMZEBWT, Efavirenz (33 & LT CYP2B6 (2 X W @ &4, 8-Hydroxyefavirenz 35
X " 8,14-Dihydroxyefavirenz 23459 % (Ward et al., 2003; Bumpus et al., 2006). —
5, 7 =7 A P MZE T Efavirenz 12 CYP2C9 I L » TRE#TZ2 %1572 Z &0 5, Efavirenz
D=7 A% CYP2C9 B LUt k CYP2B6 |2 L 5% LC-MS/MS % W To#r
L, M#EZHRLZ.

ERBFOMREFER (r) BEIOMS/MS 77 7 A "’ =27 A %)L CYP2C9 L & b
CYP2B6 C—#L7=Z &b, =27 A4%/ CYP2CO IZBWTHE MBI 2 FEREY

Td % 8-Hydroxyefavirenz ¥ J 8 8,14-Dihydroxyefavirenz 23K 25 Z & 23R S v
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7= (Figure 11-2, 11-3). 723, W=7 AP NLEBLOt FOFI 7 v Y —L%E W FRERD

EHZRBWT Y, mE CRFEOFREHEMN AT 5 Z & 2R L7z (data not shown).

Relative abundance

Figure 111-2.
cynomolgus monkey CYP2C9 (A) and human CYP2B6 (B).
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Chromatographic profiles of efavirenz after incubation with recombinant
Efavirenz (1.0 pM) was

incubated with each recombinant P450 for 60 min, and the samples were analyzed by negative full

scan mode. The mass chromatograms were obtained after background subtraction with control

samples

(reaction

mixture not

containing

8-Hydroxyefavirenz; and peak c, 8,14-Dihydroxyefavirenz.
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Figure 111-3. Estimated chemical structures by comparison of the MS/MS spectra of
efavirenz (a) and its mono- (b) and di-oxidized (c) metabolites formed by cynomolgus
monkey CYP2C9 (A) and human CYP2B6 (B). Substrates (10.0 uM) were incubated for 60
min. Processed samples were analyzed by targeted MS? scanning mode; polarity: negative,
normalized collision energy: 15 V. precursor ion: m/z 314.020 (a), m/z 330.015 (b), m/z 346.010

(c).
[11-3-iv  8-Hydroxyefavirenz A= %5 )it 00 33 FE s A AT

T =7 A P ITET % 8-Hydroxyefavirenz A& B O3 G OMEAT 217 o 7RG 5, IF 2
71— AEB L OCYP2CO R EBLRIZEIT 5 AT O K fliZZ 2425 uM 35 L 1UV9.9 uM
Thy, FARETHoT=. 2B, W=7 AWNIFI 7 r Y — A TiL8-Hydroxyefavirenz 4=
FRBOEI BT Y A« 2T U CHh o7y, CYP2CY 5 BLA CITAEMAENRD b,
FT O K AEIX 3.3uM ThH o7 (Table 11-2). FR 7 v Y — AIZE W CREELENRD
SRS BRI R TH 50, AREEDO—2E LTIFI 7 8 Y — AHICHEET B0

PA450 4y - I IS R 5 DN S 2 b Tz,

-32-



Table 111-2.  Kinetic parameters for efavirenz 8-oxidation

Efavirenz 8-oxidation

Enzyme
Km Vimax Vinax/Km Ks
Monkey liver microsomes 25+0.3° 0.23+0.01° 0.09 -
Monkey CYP2C9 9.9+22° 54+1.0°" 0.54 33+07°
Monkey CYP2C19 - <0.05 - -
Monkey CYP2C76 - <0.05 - -
Monkey CYP2B6 - <0.05 - -

“Monkey” means cynomolgus monkey.

UM, ® nmol/min/nmol P450. Efavirenz (0.5, 2,5, 20, and 50 uM) was incubated with
cynomolgus monkey liver microsomes (0.1 mg/mL) or recombinant cynomolgus monkey CYP2C
or CYP2B6 enzymes (10 pmol/mL) at 37°C for 10 min in the presence of an NADPH-generating
system. 8-Hydroxyefavirenz formation was quantified by LC-MS/MS using mefenamic acid as
internal standard and showed linearity between 0.1-0.5 mg protein/mL in cynomolgus monkey
liver microsomes, 10-50 pmol P450 in cynomolgus monkey CYP2C9, and reaction time range of
10-20 min. Kinetic analysis was done using nonlinear regression analysis employing the
Michaelis-Menten equation, V = Vinax * [SI/(Km + [S]), O V = Vinay * [S]/(Km + [S] + [S]¥/Ks) for
substrate inhibition.

M-3-v RyForr7vIzalb—ray

Efavirenz & 7 =7 A # /L CYP2C9 35 L TN CYP2B6, i ONZ B k CYP2B6 D K v & 7'
Ralb—varEfiol. YIalb—vaOfR, =744/ CYP2CI B LUV
CYP2B6 Tl Efavirenz @ 8 (L DR FJR N~ OF L AR ZENL L TEY, Uvalue 5
KO BNLDRFE T & ~LDEREL, =2 A %/ CYP2C9 TlLZ 1 Z41-39.6 kcal/mol
BLU61LATHY, & h CYP2B6 TIEZ i ZE41-24.5 keal/mol 3 £ 186.9 A T - 7= (Figure
M-4). R Iab—va UERIE, =27 A%/ CYP2CY 1235\ T % 8-Hydroxyefavirenz
WAER LSS Z L 2R LTEY, LC-MSMS Z W=t e X+ 50T
bote. —Ji, W=IAPILCYPBE LD Ry F 7ol — g iB0TIT,
Efavirenz @ 8 Az D fRFEIFA- A3~ L & OO F 1z W TLE L TEH Y, U value (1-25.7
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kcal/mol T& - 7= (Figure l1l-4). A2 =2 L—3 g UHERII I =27 A YL CYP2B6 (28

Tl Efavirenz OfGEHMIEE A CHIT LW L2 X FFT280THH- 7=,

~ Efavirenz

Heme
Monkey CYP2C9 Monkey CYP2B6 Human CYP2B6
U=-39.6 U=-257 U=-245

Figure I11-4. Docking simulation of the interaction of efavirenz with modeled cynomolgus
monkey CYP2C9 (A) and CYP2B6 (B) and human CYP2B6 (C) enzymes. Oxygen, nitrogen,
fluorine, and iron atoms are colored with red, blue, green, and light blue, respectively. The total
interaction energies (U value) of efavirenz with modeled cynomolgus monkey CYP2C9 (A) and
CYP2B6 (B), and human CYP2B6 (C) enzymes were -39.6 kcal/mol, -25.7 kcal/mol, and -24.5
kcal/mol, respectively. The distances between metabolism sites of efavirenz to heme iron of
cynomolgus monkey CYP2C9 (A) and human CYP2B6 (C) were 6.1 A and 6.9 A, respectively.
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=1
B
p={{11}
£

A

ARFHZ LY, & b P450 4y FFEOILE RS L OFHEA] 89 (LAWK T D=7 14 YL
CYP2C9 D JEE ARG 2 FHAM L 7245258, 20 (L& Mh3n =2 A HL CYP2CO DEEE L 72 5 =
EDIRENT. FD OB 1T LAEMIEE kN CYP2CI & 5\ ME CYP2C19 D FVE & 7= 1L FHE A
ELTHESINTWAILAEM ThH o7z LTz > T, =2 A4 /L CYP2CO it I CYP2C9
BEO CYP2CL19 ITHERFARI L 72 R 2 R 2 LRI nic. h=74 %
CYP2C9 O L 7e > T AL EWD 5 &, Efavirenz DI S =7 A H /L CYP2CI (2% L&
WERRME 2R L7z, Efavirenz (38 hTidEEE LTCYP2B6 IZ L DRt sns s, =24
YL CYP2B6 I L » CIIF L AR EZ T otz £72, =2 AP/ CYP2CY L t

I CYP2B6 (Z[f]—® Efavirenz {X## (8-Hydroxyefavirenz 35 & O 8,14-Dihydroxyefavirenz)
EART D Z L EMEGR Lz, & 51T, Efavirenz 134 =27 A YL CYP2C9 O~ — 1 —H'HE L

72 % WIHEME DN RIR STz
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WIVE =7 A%/N CYP2C76 O IE ¥

B MIBWT, ZTHETIZS0 A1 5 P450 43 TN FEIE 4L, T OREENH B
725 T 5 2 (Nelsonetal., 2004), 1 =2 A HFAZEBWTH 20 FlEA B 2 25 PAS0 47 1-FlE
AE SN T5 (Unoetal, 2011a). 1F& A EDH =2 A YL PAS0 4y FRED T X/ FRELS

X, %35 b b P450 43 FFEICKE L 90%LL EotHAEIME A 7737743, CYP2CT6 it MIA—
Y ZBREEET, WThot b CYP2C 3 FREICK L TH T X /L1 T T0%FEEE O
FAIREIME LAV & 720 (Unoetal., 2011a).

CYP2C76 X7 =2 A4 WL ORFIBIZHEL L Tk Y, & h CYP2C FE Th 5 Tolbutamide
D 4 (LKL SR Testosterone @ 2a/160 N KFE{LEG 2 it~ % (Unoetal., 2006). &
7=, CYP2C76 I 7-Ethoxyresolfine <> Bufuralol ® X 9 72 & k CYP2C LIt O HE DI
BA5-39 % (Unoetal., 2011b). & 512, CYP2CT76 | Pitavastatin OfREHIZI\ T h Tl
HORNEEZ T S (Unoetal, 2007). ZiLH O L, CYP2C76 2k ME& =2
A P DOIEYRBNIBIT 2FAD—R LR DATREMEAZ REB LTS, L Ledis, =
7 A )L CYP2CT6 DI FEFRNEIC B3 D MR 2R EHT 2 E TITE M ST,

Z 2T, AR CIETR 89 (k& A HVy, =7 A /L CYP2CT6 D BB RE M 4 M7
WNZENT L=, 72, hoh =2 AL CYP2C 43 1-fE (CYP2CY 35 L X CYP2C19) |
~ CYP2CT76 [Zxf L LLH A VOV IR ME 4 7% L 72 Nifedipine & Bupropion (25U C, Cly LD
Bk X OREWHBSRA21T-7-. & 512, Nifedipine 3 X U Bupropion &5 =7 A ¥/L

CYP2C7T6 D Ky F /¥ I alb—arEfTolz.

-36-



528 EBRM R L OERTT L

IV-2-i 33K

Nifedipine 5 X OY Bupropion (3R Mi%E THERA A4 L VA L7-. Pitavastatin lactone
33 L Of Dehydronifedipine |% Santa Cruz Biotechnology L W lii A L7=. =7 1 # /L CYP2B6
BELOCYP3AL DAz % /327 1%, Iwata 535 LT Daigo & DT (Iwata et al., 1998;
Daigo et al., 2002) |26V, KIFEZE L LA IE-RICKER L-ZboaBH L. £

DAL OFRIED AFHeds L OTHERTIT T 1-2-1 THICHEC 7.

IV-2-ii AR BUE
RS TFEARNT 1-2-1i TEICHE U C 3 L7=. 7272 L, Nifedipine 35 X 0% Bupropion fX;

H D MSIMS A7 VTR, FWEOKIEEE 200uM & L7,

IV-2-iii R EFRE O TR

[-2-iii THICHE U Co i L7z,

IV-2-iv RSSO FEE IR FEOHIE

[-2-iv THIZ e U C 9k L 7.

IV-2-v  Nifedipine 33 & OF Bupropion O 55 Hr

R 1%, MRl 4% 4 5 o> Nanospace SI-2 HPLC 3 X Uf Thermo Fisher Scientific ™
TSQ Quantum Ultra Triple-Quadrupole mass spectrometer (LC-MS/MS) % HWC5EhE L7=. &
Z 1% CAPCELL PAK C18 ACR, 2.1X150 mm, 5pm (BRXStbEAs) 2@H L7z, &
AT 2~5uL & L7z, BEIMB L O/ 7Pz MR, -2-v IEICHE L=, ESIHRIC K

HA A Ab#%, Single MS scan <& — R & %\ % Product ion scan & — K2 X 0V 5 — % & Hufs
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L, @t zir-7-.

IV-2-vi T — & ikt
30 S RIDRE ST L D EEEMER (%) OBHIT 1-2-v EITHET TEM L7-. CLiyll

DB N-2-vi TEITHE U T EM L7-.

IV-2-vii RyFo /v Ialb—vayr
B =27 4%/ CYP2CT6 ®— kA%, &  CYP2C9 (Protein Data Bank code 1R90, Wester
etal., 2004) OFEEEELRL LADEDLZ LT, h=27 A Y/ CYP2CT6 O 3 Rtk %

BT U Uiz, DIBEORBET 1-2-vii THIZHE U CHEhE L7-.
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53 HT AR L UES

IV-3-i FEEIHKRT v A
71 =27 A %) CYP2CT6 FEEDARY T 4+ 7 2 hr—/L"Ch % Pitavastatin lactone (Uno et
al., 2007) Z&te 89 (bt 19 (LAEMITHWT, 30 43 MHRE SR O FE N R HEIL 20%
B2, D=2 AP/ CYP2CT6IZ LV eI RH & D 2 & 3r &7z (Figure IV-1A) .
ZE A EDTI =7 AL CYP2CT6 FEIE, FKFIZ CYP2C9 & 5\ NI CYP2C19 (2L » T
LA 2321 F 7223, Nifedipine 35 X OF Bupropion [ CYP2C76 (Zxf L Bl ity iV ERUME & 7
L7- (Figure IV-1B).

EAHERD 20% 2 2 72 19 ka0 HITIE, & MZBWTCYPIA2 WETH S
7-Ethoxyresolfine, CYP2B6 #&'& T & % Bupropion, CYP2D6 & T#& % Dextromethorphan,
CYP3A4/5 3'E T & % Dextromethorphan 35 J: UF Nifedipine, CYP2B6 [HE AT & % Sertraline,
Clopidogrel 5 & O* Ticlopidine, CYP2C8 fHE#ITd % Quercetin, CYP2C19 FHEHITH %
Ticlopidine 35 & UF Nootkatone, CYP3A4/5 BH5EA|Td % Troleandomycin 73 £ 41 Tu 7z,
PR /N S 7o M3 D Nootkatone <°, FLlgg i)k X 72 4#1E @ Troleandomycin z {3 L7 2 & 7>
5, =74 YL CYP2CT6 DIEEFRFNMEITIL S, BRx & LM 2@ LG5 2 &

AR S LT
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Substrate disappearance of compounds metabolized by recombinant

IvV-1.
cynomolgus monkey CYP2Cs.

Figure

Substrates (1.0 puM) were incubated with each recombinant

P450 for 30 minutes. The substrates whose disappearance by CYP2C76 exceeded 20% are shown.

Substrate disappearance (A) and the ratio relative to CYP2C76 (B) are shown.

WOFEE7 )T T A

i

Nifedipine 33 X OF Bupropion 1%

IV-3-ii

Nifedipine 5 & O Bupropion (3 & k TidZ# 4 CYP3A4 35 LN CYP2B6 D~ — 71 —X
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BT DHT-% (Guengerich et al., 1986; Hesse et al., 2000), =7 A ¥ /LD CYP3A4 B L
CYP2B6 @ Z L b DALEMNZXT HREHEMEIZ DWW T b fFt L7z, Nifedipine o5 =72 A
P CYP3A4 12X D CLinfiiix CYP2CT76 L[R2 Tdh 7. Bupropion O =7 A ¥/
CYP2B6 (T &% CLinfilii% CYP2CT76 IZtb~/NE o 7o, 7235, CYP2CT6 (2 K 2 R BUGR D
RYT 473 bur—/LTh Pitavastatin lactone ? CL, fil & Fiz L, Nifedipine @ CLiy

BRI 10 5Kk & <, —J5, Bupropion @ CLiy EIXFIFEE CTd -7 (Table IV-1).

Table IV-1. Intrinsic clearance (CL;,) values for CYP2C76 substrates to cynomolgus

monkey P450s
CLint (mL/min per nmol P450)
Compound
CYP2C9 CYP2C19 CYP2C76 CYP3A4 CYP2B6
Pitavastatin lactone 3.36 0.85 0.43 ND ND
Nifedipine 0.67 0.23 4.23 6.57 ND
Bupropion <0.10 <0.10 0.47 ND 0.19

ND; not determined
a; Pitavastatin lactone was used as positive control because CYP2C76 is important for
monkey-specific metabolism of pitavastatin lactone (Uno et al., 2007).

IV-3-iii  Nifedipine 35 X O Bupropion {4 ™ LC-MS/IMS 234t

Nifedipine 3 J " Bupropion O fR#2% CYP2CT76 (2% L LLERAY @V BRI 2R L2729,
IO DEMD T =2 A YL PAS0 431 FEIZ L DI OV TIR~T-. Figure IV-2 |2
Nifedipine 3 X 0% Bupropion fX## Ot 4> 7 v~ 7 A%7x L7=. Nifedipine (235
WCIE, miz 36112 CYP2CT76 R A7 [M - H] A A v A &, & 512 m/z 34512 CYP2CT76
BELOCYP3A4 T[M + H] A A > 23 & A7z Bupropion (23T, m/z 256 |2 CYP2C76
B LONCYP2B6 CT[M + H]' 1 A 23 & #u7=. Nifedipine 3 X OF Bupropion (28T, %
ALEIUMIz 361 3 LN m/z 256 (278D bl A A 0%, BUELA L U 16 Da REWZ L2 b,
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BULAWICERZIR 771 1 S L=RE b s L& 2 b=, F7=, Nifedipine (2B
Tmiz 3451258 vl A A 0%, BUbEWE Y 2 Da/h& W2 L5, Nifedipine @ 1,4-
Ve Rr vl DURNLKERTFR 2 O L-REMTH L B A LN, b, miz
345 2RO HNZ[M + HI A A 1%, & b TO LR CTH 2% Dehydronifedipine (2 Fi3kd
HEEZLNED, miz36LIZERD HNTZ[M-H] A A i3t b THRENZR L, HHRONH
MThorEZbNZ. £IZT, ZOHBREYOHEENEHRZ TG 5720, MSIMS %
7 M ERG L.

Nifedipine 33 X OWHBEHIIZB N T Mz 122 122 7 FARRBO LN b, WiE &
LEOETIZ= ha_XUBUBRERTH EE X b (Figure IV-3A). £7-, Nifedipine
BLUOHHHAHED BT, ZREhmiz 222 B X UIm/z 238 (2 7TV bz 2
Mo, = bR BRSO ENICIREIRF B S e Th 5 LHEE Sz,
E B\, FHEICB W TOIH Mz 206 (22 7TV 3ER =23, Z U Figure IV-3A
IR L7 F T A AR T D EZ 2N, U ERY, ZOFBREYIX
Nifedipine ® 1,4-P & R U P UVBO A FLILOMBILREY TH D LHEE Sz, 723,
J =27 A H)L CYP2CT6 33 L TN CYP3A4 |2 K - TARR L7z miz 345 DA A 220 T HH
FEIZ MSIMS 227 b LZHfS L, Dehydronifedipine HE4h & Ll 24T ->7-& 25, WEIX
—% L7 (Figure IV-3B). L7257, =7 A %12 T Dehydronifedipine 734 A%
THZLAMmR LT,

[EA£1Z, Bupropion 18 X O ORHICHONTH MSIMS 227 ML EFUGLIZE 25,
WE VLRI D AT W F— 2 %or L7z (Figure IV-3C). Bupropion @70 %7 kA 4
> T 5 miz 184 1%, Bupropion @ t-butyl ZenXiEE L TA UM A ThH EBEZ LT,
Bupropion X D7 v %7 kA A2 Th % mlz 2381, Bupropion X3 0> & DRk (-H,0)
WCEVAELTEAAF L ThHDEEZX LN, 723, CYP2CT76 (2 L Y A pk = #17= Bupropion 1%
D MSIMS A7 ~uig, BEf O REBEITUYT v b in vivo (23517 % Bupropion {4

D MSIMS A7 "L —F L7=Z &> (Yenicelietal, 2011), =7 A4 VLB TH
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Figure 1V-2. Chromatographic profiles of nifedipine and bupropion after incubation with
recombinant cynomolgus monkey P450s.
recombinant cynomolgus monkey P450 for O (control) or 30 min, and the samples were analyzed
by positive or negative single MS scan mode.
negative mode at m/z 361 for (a) control, (b) CYP2C76, (c) CYP2C9, (d) CYP2C19, and (g)

Substrates (1.0 puM) were incubated with each

(A) Nifedipine metabolites were analyzed by

CYP3A4; and positive mode at m/z 345 for (2’) control, (b”) CYP2C76, and (e’) CYP3AA4.

(c) CYP2C9, (d) CYP2C19, and () CYP2BS6.
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(B)

Bupropion metabolites were analyzed in positive mode at m/z 256 for (a) control, (b) CYP2C76,
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Figure IV-3. Comparison of the MS/MS spectra of nifedipine or bupropion to those of their
metabolites formed by cynomolgus monkey CYP2C76 or CYP3A4. Substrates (20.0 pM)
were incubated with CYP2C76 for 30 min, and the samples were analyzed in positive or negative
product ion scan mode. (A) Nifedipine and its oxidative metabolite were analyzed (scan mode:
negative, scan range: m/z 50-365, and collision energy: 15 V). (B) Dehydronifedipine and
nifedipine metabolites were analyzed (scan mode: positive, scan range: m/z 50-365, and collision
energy: 45 V). (C) Bupropion and its oxidative metabolite were analyzed (scan mode: positive,

scan range: m/z 50-260, and collision energy: 15 V).

IV-3-iv RyFor7vIal—vayr
Nifedipine 33 & Of Bupropion & 7 =27 A4 # /L CYP2CT6 D Ky ¥ /v I alb—va V%
1To72. I alb—varOf8E, Nifedipine IZBWTIX14-UE FrEY UUVERO AT

NWIDRBIFHFNANLOFLEMELZENLLTEY, Uvalue BLOREZBFR L ~LDHH
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BEIX 2 4-36.1 keal/mol 33 L 1V4.6 A Th -7 (Figure IV-4A). L7=A->T, KyFxv
Ty al—va LB bE 14V Ra el D VBO A F LN CYP2CT6 (2
X DARENL & 72 2 FTREVESRIE X 7=, Bupropion (2T t-butyl D 2 F L FED R R
JRFRANLOFL AR EZENLTEY, Uvalue B X ORERF L ~L ORI ENE
-29.2 kcal/mol B L 165A TH -7 (Figure IV-4B). L7=3»>TC, RyFr 73l
=33 T KBTI D b AR 7Y CYP2CT6 12 K D RHFBAL & 722 D AIREME DS RIE &
i Pk, RyFr 7y Ialb—ra & LC-MSIMS IZ L0 &5 7= figbrs iz —# L
7. LR OfRHTRE S0 B HEE S Hu7z Nifedipine 35 X O Bupropion O % =7 A /L P450 431

FIZ & DG DR % Figure IV-5 (2R L7z,

Nifedipine ~ Bupropion

Monkey CYP2C76 Monkey CYP2C76

U=-36.1 U=-29.2

Figure 1V-4. Docking simulation of the interaction of nifedipine and bupropion with
modeled CYP2C76 enzyme. Oxygen, nitrogen, and iron atoms are colored with red, blue, and
light blue, respectively. The total interaction energies (U value) of nifedipine (A) and bupropion
(B) with modeled CYP2C76 enzyme were -36.1 kcal/mol and -29.2 kcal/mol, respectively. The
distances between metabolism sites of nifedipine (A) and bupropion (B) to heme iron were 4.6 A

and 6.5 A, respectively.
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Figure IV-5. Putative structure of nifedipine and bupropion metabolite formed by
cynomolgus monkey P450s.
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/rAA4/eAﬁ

&

Eﬁ:
E=1
>

ARFHNZLY, B N P450 4 FREDFE I L OBHEA] 89 (LEMITKIT D=2 A L
CYP2C76 O FE BN % M L 7= f5 5, 19180 =2 A YL CYP2CT6 DRE L 72 B
ZENRENTZ. 2L OEMOTITIE, W EAEMICET S FDA RT 7 M UA X
VABIOEMATA RTA4 VRSN T DA Db | P450 5y RO E F 113 HE
HINGENTEY, CYP2CT6 23kkA4 I DL AW ORI G35 Z LavRahi.
1 =27 A YL CYP2CT76 DIE & 72 > 7-/b&5H D 5 5, Nifedipine 3 X U Bupropion (X7 =
7 A P CYP2CT6 |Zxf L LLls ity i VB IRPE 2 77 L7223, Nifedipine O IZI T
CYP2C76 iZt F TIIHMEDRWETH OB & Ak L7z, BLL, CYP2CT76 DRV VLERR
FRPEFR LY CYP2CT6 2k 2 =7 A4 VAR BRRED O LRGN D Z &b,
CYP2C76 13FEMMHNCBITHE MM =T A PILOFAED—K L 72 5 a[REMENRIE S i
7=. 723, Z @ Nifedipine {X##1% CYP2CT76 LIS D 1 = 7 A /L P450 43 1-f (CYP2C9,
CYP2C19 3 L TN CYP3A4) TIZAERL LA - 7= &k, AREIKIEGIE CYP2CT6 D~ —

A — T 72 2 AT REPE DS RIE S U7z
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BVE =7A%/) CYP2C8 DIEFH#MEL LT N CYP2C8 FLETH 5
{bEW A O FlElE 5 &R

B
m
2
il

E MZBWTEMRHICEL LTHET 5 CYP2C 73 ffix CYP2CY 35 L UF CYP2C19
TH 57 (Williams et al., 2004), Paclitaxel > Amodiaquine ® X 512, & MZB W TFEEL
T CYP2CB I k> TR SN 2T bAFET 5 (Rahman et al., 1994; Lietal., 2002). 7 =
AP L FOFEYMRENCB T HMEOBNEMNORD L, W=7 AP ITBIT D FEER
CYP2C 73 fHI%, & MIBWTHEMRFNI T 5% 503K X\ CYP2C9 35 L U CYP2C19,
WOUNC B MIA— Y 8 ZRIFE LRV CYP2CT6 TH 5 & & 2 LA, Ltk » CYP2Cs

DIEERHRMETI b EETH L B2 b,

T =7 A PILORFEIZ BV TH CYP2C8 @ mRNA BENHER SN TS, h=7 A
/L CYP2C8 (Xt I CYP2C8 (2@ MHREIMA R L, 7 X/ BFAEMEIX 2% Th 5 Z &0 b

(Uno et al., 2011a), 1 =2 A #/L CYP2C8 i%t h CYP2C8 |ZJE[LL L 7= FE 7 & 7”4
ZERTREIND. ZRETIZ, =71/ CYP2C8 (% Paclitaxel, Flurbiprofen,
S-Mephenytoin 35 & Of Tolbutamide &\ >7-t k CYP2C FEZ M+ 2 Z L MG SN T
5% (Unoetal., 2007,2011c). L2 L, Z OB T 2 @O REII I Thn T
WAV, 2T, AREFFETIE I =2 A L CYP2C9, CYP2C19 35 L N CYP2C76 DFEATIC
L= 89 k&5 5 B, & k CYP2C8 DIEE B L UHFERIAZ H.0 L Lz 22 (LEW
Z HWTH =7 A /L CYP2C8 D I 78k & MafEr | T fi#gtr L, & k CYP2C8 & b L 7-.

51T, Bk CYP2C8 H THHILAM A Db MG ER OO ORF&21T -
7o BEIABAFICIB W THBRE A 9]0 T M52 3BT First-in Human (FIH) 3R
EFRESND. FIHRBROZ ITEFRAZXIR E LTEY, mRNZRBEILRWD, #
BRE DL ENEORERP BB L S D, FIHRBRZ Bls 3 2 RS CEM rlRe e 7 — #2139k
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FREBR DGO N2 b DIZRON DAY, FERARBRI IR 25 L L TN D720,
MZBTDHEFEEROTRNITRAN S 5. FREW & v b ORI 7 L0
HERRMEN D Y, BSOS OFER RSB RO ENFIE LIGFD. £DD
b hOHEHR G EOF T DB, BT T VT SHEER, TR LUy
T EE LoD, +uhRe~—Trebo TRETHILENH D (RBE, 2013 ; &
KM EICB T 2 PIRIRGRBROZENEEZERTIEODOT A F R
(http://Awww.mhlw.go.jp/topics/bukyoku/isei/chiken/dl/120412_3.pdf)) .

bt b~OERGEOREGEE LTE, REHY ORGETHKOBSERED 1/600
LI, S bREZMEORWEIMICE T 5 R KERIEE O 1/60 LIT, HEEERARHEO 1/10 L
T, E3RNAED 15 UTERERICHNONTE 2. —F, FDADE FMEHE

HEIZBE9 5 A & > A (http://www.fda.gov/downloads/Drugs/.../Guidances/UCMO078932.pdf)

TiE, BRI 2R GEAARERHEMEZIECE MBI 2R EGEBICHE T 5 Z L a#EE L
TW5. T7bb, BT LI b ARRERIC K 2GR A W TRk B
Bob MEMMAEZRD, SOICINICHEDE B DN LEMREETR LD Z & THREIKR
HErHENT5. 2k, BRIV N—2ORRLRDD, —HOLOTIHRL, %
DIERBEFOV AT IZE > TIRESNDOENE LD TH L ESN TV,

PHIE H D ISR LA A LZHOW T, HIElER G- & OB H ORI & 72 5 FEERR AR &
LT, =7 A% &M invivo R bR KESFEEN R T STz, £72, B b
OHFERFMIE, AF 27 vy — 253 L OVP450 43 FFEFEELR 2 FV 7z invitro &R 6, ke
Y A O Clin i, ZEpS 2 DI L OB %7 5972 P450 70 TREDfFH AN EUS S 41T
Wi X5, =7 A PO Z 7= in vitro RRABRN S, LAY A @ Cliy
B3 XL OVERT 2 FAHPOBERPBFSNTEY, e hEI=I AL TILEH A O
CLin i3 K OVERM T 2 EREIITELT 2 Z LAaVRsh Tz, BEEBFICRENT, —
A AR OMERITE MIBWTORFESI, HA FTA » EbE)To G

FER OREGRIIRD BTV, LA LR S, AT MIEHERGEFRBIC KT 244
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REGRE DRI L 7227 — X 215D BET, =2 A4 FZBNTH EGHBER OMER %L
1To7z.

t FOIFI 7 v Y — L8 KUVP450 43 F-FEFEBLR 2 HIV T/ invitro iR 5, (LG A D
Rz T L LTHEGT % P450 43 1-FiZ CYP2C8 TH Y, —ifiiL CYP3A4 1T L » TR %
ZFHZ ERmeiLTn e (Figure V-1). £ 2T, =7 A% BN TH CYP2C 431
it (CYP2C8, CYP2C9, CYP2C19 35 LUK CYP2CT76) 35 11N CYP3A4 DIEBLAZ Y, f{

HHZ BS54 % P450 4y Ff & FEAH L 7=.

3

Contribution ratio (%)
N B O
o O O ©O
‘2
“
¢ i

Figure V-1. Contribution ratio for the disappearance of compound A by human P450s.
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528 EBRM R L OERTT L

V-2-i A

Amodiaquine 35 £ Y Quercetin | Sigma-Aldrich X VA L 7=. Montelukast 3 X O
Rosiglitazone [ZFEHIEE T3S L VIEA LT, (L& AITARG 2R L7z, 1=
7 A YL CYP2C8 D#fiH 2 % /371, lwata 535 X O Daigo & @ T34 (Iwata et al., 1998;
Daigo et al., 2002) |2V, KEFEZEFEE LA IE-RICKER L-ZboaH L. £

DM OFAED ANTFHede L OGHERIG T 1-2-i AR L OV IV-2-i THIZHE U 7.

V-2-ii RS

[-2-ii T2 U C M L 7.

V-2-iii - B EEEl O FH

-2-iii T2 7 U C %M L 7.

V-2-iv AREIREE O BB E OHIE

[-2-iv THIZYE U C 9k L 7.
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53 HT AR L UES

V-3-i iR 22 (LB OIEEHNKRT v A

22 LB 5L AW IV TRHNEYEIX 0.27 nmol/min per nmol P450 Z#E 2 (T72 b b,

SR U O I EVH R RS 20% 28 2), =7 A ¥ /L CYP2C8 |2 L V) @/

#IndZ & (Tablev-1). A K742 ETIE, Zhbo 55 Amodiaquine
IZt b CYP2C8 ®A/E TH VW, Montelukast 35 L O Quercetin (& ~ CYP2C8 DR EHIT
- 7-. Rosiglitazone (Xt ~ CYP2C8 D FLE B L UBHEHRI DM 7 & i 7= 3{bEMTh o 7=,
—75, Loratadine (344 K > ETidk b CYP2C19 DREFAITH D43, = OMRHHEMEIT
0.28 nmol/min per nmol P450 (372> %, 30 73 I SUS 1% D BB TH RN 21.1%) TH Y,
Z OEFARFR OB MEHE Th > 72, LEXY, =2 A ¥/1 CYP2C8 D IEE NI
Tt~ CYP2C8 IZHIEI 5 LB x bl

ZNETDOHN =2 A ¥/ CYP2C9, CYP2C19 35K TN CYP2C76 % MW= FHIHAT vt
A 123\ T, Amodiaquine 35 & U Montelukast 1313 & A SR & 52 1) 725> 7= (Figure V-2) .
LMo T, 2HHD 2{LEITH =2 A )L CYP2C8 D~ — N1 — B & 72 % ATREME DR
e ST,

ZNE TOICEAHRE TIX, =7 A L CYP2C8 73 Paclitaxel, Flurbiprofen, S-Mephenytoin
F LU Tolbutamide &\ o7zt F CYP2C JEE 2T 5 2 L v#kE ST/ (Unoetal,
2007, 2011c). Paclitaxel i3t ~ CYP2C8 D~ — W —iEH Th 573, Paclitaxel D1 =7 A %
JLCYP2C8IZ X5 CLinfliiZ e FD 1/667 ThH 5 Z & N 4T % (Emoto et al., 2013).
F72, BEHRTIE Paclitaxel DREISUGIE DORE IR 4 2.5~100 uM IZERE L TR Y, A
FLCORERED 25~100 5 Th L. TN b0 T, ARER Tl Paclitaxel DA
RO ORI T B %2 BTz, Flurbiprofen 35 X OF Tolbutamide OGRS B>
EE G, FRICEERESORSRIFEOBENIERT 26D LEZ bN. ok,

S-Mephenytoin {22\ TlE, A A AL MEL LC-MS IZ X A HIEDRREETH > 72729,
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AT CIXRHlixt g & Liehro7-. 728, Paclitaxel (IZ2OWCTHH =72 A ¥/L CYP2C 431
FEOH T CYP2C8IZ L W ERANCAE 23210 5 Z & A STV 5743 (Unoetal., 2011c¢),
Amodiaquine ¥ & O*Montelukast (2%} 3% 71 =27 A /L CYP2C8 DREHEM:D T 32 &
Mo, BUEEWITA =2 A YL CYP2C8 D LV B\~ — T —EE L 722 5 FIREMEDVRIZ S

7=,
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Table V-1. Rates of substrate disappearances mediated by recombinant cynomolgus
monkey CYP2C8

Compounds Activity, nmol/min per nmol P450 Note
Amodiaquine 1.28 Human CYP2C8 substrate
Bufuralol <0.27
Bupropion <0.27
Chlorzoxazone <0.27
Coumarin <0.27
Diclofenac <0.27
Efavirenz <0.27
7-Ethoxyresorufin <0.27
Flurbiprofen <0.27
Gemfibrozil <0.27
Loratadine 0.28 Human CYP2C19 inhibitor
Midazolam <0.27
Montelukast 0.65 Human CYP2C8 inhibitor
Nifedipine <0.27
Omeprazole <0.27
Pioglitazone <0.27
Quercetin 1.15 Human CYP2C8 inhibitor
Rosiglitazone 0.53 Human CYP2C8 substrate/inhibitor
Paclitaxel <0.27
Tolbutamide <0.27
Trimethoprim <0.27
Warfarin <0.27

Compounds (1.0 uM) were incubated with recombinant cynomolgus monkey CYP2C8 at 37°C for

30 min.
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oCYP2C8
mCYP2C9
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OCYP2CT76

100 1

Substrate disappearance (%)

Figure V-2. Substrate disappearance of compounds metabolized by recombinant
cynomolgus monkey CYP2Cs. Substrates (1.0 uM) were incubated with each recombinant
P450 for 30 minutes.

V-3-ii (LB A DB T vt A

&% A @ 30 3 ARG SUGE OB THARIL, =2 1 %L CYP2C8 I L U CYP3A4
IZBWT, TNEN 82T%F LN 254% Th-7-. =7 A ¥/L CYP2CY, CYP2C19 K K
YCYP2CT6 (2B TiE, WIh bR E Th o7 (Figure V-3). L7ei>T, h=7A
Pl b N TIEA A ORBIZFT 595 P450 43 THREIZHELL L T\ D 2 Eme Sz,

B, b MBI DAY A DRE~D P4S0 2y FRED % 5-31%, RAFIEIC L W EE &
7. RAFIETIE, #1124 P450 45 T-HEICIERINA 22 LB DR S 2 FH LT, 4 P450
FERETFI 7 n Y — A X AEHEDOZFH T 5. RIZZOERNT, Kb
Y PA50 HEBLRIC L HMHIHEL, IFX 7 v Y — L2 X DRFED P450 73 FFEZ I L 72X
HHHE A BT D, ZAUT KD, & P450 43 FREOFIR COMRBMAKIC Hd o HH5EEH
H9 %2 ENTE 2 (Venkatakrishnan et al., 2000). —J5, =7 A TV TIE4 P450

L5 FFEICTRIR A 22 BV F 72132 OB S DN STV = o, RAF EAETT 5 2
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EMTERD. ZDT12D, FONIZIEEHREDOT — 2 13— PAS0 RERDEDTH Y,
ZIEND PA50 3 FHED g C DI BL &I L ONEME DM IEIFIT DO TV 2R W RUTEE D
WEETH D, ABFEICTE | B D5V B TEM L SSERERRIE OB NS, =7
A IV CYP2C 4y FRED ~ — I — HH 73R LUS Ol AT Z &N T&E 2. Th
HIZDWNWT, A%, RSO =27 A P P450 7y FFiIC TR 2 5l L, #RMEE
MR+ 2 Z ENTEUE, W=7 AP b b~ IOy ENEE 42 H X < 46

45 BT, MOTERRY —ILERLZ LR ENT-.

100 -

(=2 -]
o o
1 1

Substrate
disappearance (%)
=9
o

N
o o
1

Figure V-3. Substrate disappearance of compound A metabolized by recombinant
cynomolgus monkey CYP2Cs and CYP3A4. Substrates (1.0 uM) were incubated with each
recombinant P450 for 30 minutes.
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Eﬁ:
E=1
>

A

b CYP2C8 DILE I LU EAIZ T, & b P450 7y FFlE oD JEE 3 L OB EA 22 1k
BT D =7 A YL CYP2C8 D FLEFRFME 2 F Al L 7258, #7212 Amodiaquine,
Quercetin, Montelukast 3 & O" Rosiglitazone @ 4 b &35 =27 A %)L CYP2C8 DIE TH
HZEBABLMNE RS TG A{LAWITE b CYP2C8 DI F 71X ER L Ll
D HICEY T oI Ln b, =2 A ¥/L CYP2C8 (Lt I CYP2C8 IZHifl L 7= FEE 7R
AR AR VRIS u7e. 723, Amodiaquine 35 XU Montelukast (X =7 A YL
CYP2C 73 FffD 5 B CYP2C8 IZmWEIRMEAZ R LIZZ &b, ZThbidh=7 A%
CYP2C8 D~ — A1 — A & 70 5 TREMEAVRIR STz,

FIL, ALEW AITHONWT, BEEMIND & MIMA T =27 A FZENT b ERHEE
R DFEZAT TR, AL A DA THEEL L TS Z L 2B 522 Lz, Invivo
(2B 2k LOEMEORBL, mHPRER LI OHBETIRESOEDERICEEIND
78, FEMRBOMAITE FTORERBROY X7 L1557, LLoO/ER»HE M)
[l G- 8 DR R EE AR OBLE D S 1T R A2 RE D BEITRN T L AVRIR
I, DLk, ARGETEFERT 52 LI128Y, b MERGERHORLE w7 —4 %

s L7z,
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P3RS BRI d5 1T 2 FEREIREBR O £ 72 B, BEIEMEMEGH O Mk T 238k
FOEEEZTHNT 52 LI 5. FEARRBRIZHNT, #BEAIZE MW E WS BT
N=T A PARIEHER SN TODR, T4, EYAEHIZRBWTHICE he =74
DO THAENRBDOOND Z ERHALNER-TEL. 2O X5 RFEEIT, B FToOHEE
FOwEO T A INEICT 5720, EHEMFAREICIE W TEERMETH 5. P450 13 M
B2 FEREMRBEELETHY, ZTOHTH CYP3A4 15 KON CYP2C 43 1 O 3R
SNOBEGNPRENZ EPHESNTND. RISV TIEE L T\ % PAS0 ORI =
JAYFNLE e BTEHEIL TSR, =24 F/ixndhnoe b P450 & b xhiiBfRD
B2 FRETdh 5 CYP2CT6 3B L T\ 5. AT, =7 A ¥/ CYP2C S FHiiC
L H2EMREHNTL, & b ERRICEROSG THEPEES L TRV EMETHL Z LR TIREIND
S, OREERERRMEIC BT 2 MEHIRTZE I3 Thbu T o 7. & 2 TAMIZE T
B =7 AP CYP2C iy THED > LEEES 2 Hivd CYP2C8, CYP2C9, CYP2C19 i k&
O CYP2C76 DB RN A MFERII IR Z L 2 ARg L L7,

B ETITEDRINCBIT D= APt b NORALFFT S ECRHICEELE X
bivlz, B =27 A ¥/ CYP2C9, CYP2C19 35 L UN CYP2C76 O S A8 ki: A Ml FE i) | AT
L, TOEMMEZW LN Lz, METoRR, 89 ket 34{ba, 20bEWE LU0 19
bE&Wn, s =2 A%/ CYP2C19, CYP2CY 13 LN CYP2C76 DIEETHDH Z &
DML 72Tz,

BN ETIIH =7 A YL CYP2C19 DILEFERNMEIZ DWW TREMZ /R L 72, Baf ORI,
71 =27 A%/ CYP2C19 (Lt ~ CYP2C19 ¥ KL U CYP2CY (T2 Al L 7= FEERFME & 71
TEMNRBEINT. 70k, B kN CYP2C9 O~ — N —3E Th % Diclofenac, Flurbiprofen
3 LU Warfarin 12, 5 =72 A #/L T3 CYP2C9 Tid7/e< CYP2C19 12k v 1 L TR

NAHDZENRHGMNE o7, £, ARFCRHEN- =27 A4 ¥/ CYP2C19 IZ LY &
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WEIRMEZ o T Sz 9 {bA% (Bufuralol, Diazepam, Diclofenac, Flurbiprofen,
Loratadine, Midazolam, Omeprazole, Propranolol 33 & O Warfarin) 1%, 7 =7 1 /L. CYP2C19
D~ —H—HE L 725 TRtk R S vz,

5N FETIEA =7 A YL CYP2CO DIEEREGRMEIC W TREM 2R LTz, Batofi R,
71 =27 A YL CYP2CI I Efavirenz D X 5 724kt 5 6 00, #iak  CYP2C9 B LY
CYP2C19 |ZHfLl L7 SRRk M2 /R~ 2 L VR S iz, £7-, Efavirenz (I =2 AV
/v CYP2C9 O~ — A —H M L 72 5 AlREMED /R S U7z

IV B TIE =2 A ¥/L CYP2CT6 O IREFEMEIC DWW TREM 2R L7z, BafOfE R,
51 =27 A ) CYP2CT6 FEIZIL, CYP2C LS & GicHix Db |k PA50 sy 1RO FE £ 72
IFEFEARAEZENTIY, CYP2CT6 M4 RIEIEDIEM ORI G 5 2 & 3R
Shiz. F£7z, =7 A%/ CYP2CT76 IL Nifedipine DIz T, b M TEXHED R
WHTHLORE A B LTz, BLEX Y, =7 A ¥/ CYP2CT6 IZF MBI HE b
EH =T APNDOFEZED N L 72D AREMEN TR S NTZ. & 512, ZOH MO Nifedipine
R D ARG ITH =2 A PV CYP2CT6 D~ —H — T 78 B AIREME DS /R STz,

BV ETIEIAN =2 A ¥/ CYP2C8 DILEFEMEIZ W TR Z /R L7z, BEfOfER,
B =7 AP/ CYP2C8 [Tt  CYP2C8 |ZHAML L 7o EGRRRk M 2~ Z L R S vz, &
7=, Amodiaquine 33 X U" Montelukast 137 =7 A # /L CYP2C8 D~ —h — i L 72 5 Al felt
DRI, EBIZ, #V ETEHANEOERLEBA~OILAFIE LT, {(bLEWMA O
b MR GERHICOWTHARLEE. (6% A 1Tt MTBWT CYP2C8 JETH S Z
EMIRENTWER, I=T AP MICBNTHRFEHE Teaw A ORFHZBIT 5
CYP2C8 D% H1Z K& L, LAY A DREHIMRE CHELELL Tz, 2k b, b bR
H &R MR, EWEH OB O IX 2258 E RE D MLEITRW I EPVRE S
7z

ULk, 89{bA A MR T 2 2 L1ck Y, =2 A ¥/ CYP2C8, CYP2CY ¥ L

N CYP2C19 D RVEZRERM:1L, Efavirenz D X 5 72 fBlsMEH D L DD, FEARRNZIIR IG5
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bt b CYP2C 3 FREICHHELIL TV D Z RN oTe. —F, B MTA—Y B 7 DfF
TEL72W A =7 A Y1 CYP2CT6 (DWW T, Sk {bAama @ L, 2ok N THED
ROREM R L2 2 LD, EYREORZED—K LR D WREM R Sz, £z,
AWPgEa@ e, &0 =2 AP CYP2C 4y FRED~ — 1 —EH £ 72132 OREH SIS DOt
RS ZENTER. Lk, RBIEICL Y 1 =2 A YL CYP2C J 1 FED BB 8%
MEFERIZI S 2N Lz, AR TH O MAE, b MIEIRGEREHOFO X S, &
=7 APV E N THRIIERIKRRT —2 28 h~MFT 272 0ICmO THHATH S &
Ex b, b, AFRTHONZMAE, =271 ¥/ P450 OFRIZIS 1T 2B
BELOMNHEEFEOEENRIEREMAGDOEDL T LIZLY, & N TORYEREL LY
EENCTHT 720Dy — e Z EpHIfFSh D, FERIRABRT —2 226k Mk
T DML, S BITITAER & 22 DR T IRE & D WITZ R EDIRE 2 TIT 5 2 L&A
TEUE, EHESLRGHBOHEENAIREICR D LB bND. AR TIII=2 4 Y
/L CYP2C 73 FflIZE B L OSEEZRME A 2T L7e)s, oSy RERERE H 5
h TV AR—=H—ZIZONTHES T LIV ORENREEIE, I=7 AP EHNTHED
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