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A L TILLL R Ol =5 & vz,

ACS SUMEEEWERE (acute coronary syndromes)

AUCq 4 B G-t 1 Rf [ C oo — BE Rty T o A

AUCq.int T B2 — R ] b R 1 A

BNPP Bis p-nitrophenyl phosphate

hCE2 ERAINALARFUNLVEZRT T —F 2

CLin TEA27 V7T A

Cmax dic e A PR

CYP Cytochrome P450

DCMB (%) - 2,3-dichloro-alpha-methylbenzylamine hydrochloride
DMA N,N-UVAFALTEFTIFR

DMSO VAFNVANLEFT R

EDTA TF LUV T I UEEE

HPLC mEER s v~ T T T 4 —

IS AR )

K IHZY R - AT UER

LC-MS/MS BRIk v~ N7 T 7207 LRV R HT R

LLOQ E & T BRI A

MPBr 3’-methoxyphenacyl bromide

B-NADP B-nicotinamide adenine dinucleotide phosphate sodium salt
PCI 1% B2 1 el 8 IR 2 B 7T (percutaneous coronary intervention)
RKIP Raf kinase inhibitor protein

SAM S-(5’-adenosyl)-L-methionine chloride

tia EENE S e

TFA [NUR =g (317

TMT FA—=N-SAFNET AT 2T —F

TPMT FATIVAFNVET AT =T =8

ULOQ & BRI




UPLC
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DB BITAARNDIER O THEAZ RIFICHEIMLTZEB O 1> TH DH[1],
FBAE TR 26 4N DBV REHT AT O R MIHERT ) Ti. DR EITEN R A IR
THE2MOERETHE N TEY 2], WDFEEDFETHE (AH 10 T AX) |
IEHIINE A2 5 (Figure 1S) [1].
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Figure 1S F R EK BN T2 SE T SR O AEIRHERS — BN 22 4~ 25 26 4 —
( TRk 26 4 FAEONCD BB —EATEHE) LV —HKE)
1) AFEOHEO A o DOlER] o TS 3, EBEREEELERSEICEIT S
FEMEH A . TOEE EnEEEZERLS) . THMLERR] bbb
E2) TR 6. THEOOFOK T, LWL 2K E GERREE) CFR7HFEMT) I
BITD ECORERMICIL, REOKKIMOKEL L ToOLRE, HRARETE)N
BRNTLKIESY, | LW EEEZO, FHIAMOLEICILLIbDLEEZLND,
HE3) Tk 7THEOMAET O EHOFERIERIL, ICD-10 CFAL 74 1 HEHH) 12 &k 2R %
L=V OHMILIZL D bDEEZLND,



DR B DRy 2 5 60 2 FE MR D BT D AR I e 3 & R B F 2 & T LR & fit
fa 3 D BN AR AR A LTI T LIS KD A IS BICATEE DL 2R
KRDEFTHRIETDHRETH D, 2 THEMMELEEIZRET DM/

FEARLBERDIEIZHCERNELS . BADBELETHHEEL SN TWVWDHI3, 4],
SR ZE & N2 ESOCE T I B E AR (ACS) & FRIE AL D B PR E

FIZRT 2, ACS L., EENWRF OBEARMEACHE T T — 7 DEE I N D 2 & TEK
SNHMARNRK E RV BET HAMELHENLE 2T H2RBLERINTEY,
BRI TESE . AL ESED BDIEMEZ2 IR £ T 2 w457 2 IR F P 7o %% AR
&R TdH 5H[5], Figure 2S [T MR LIRB O 3 FIZTOWTHEIZE & D 72[6],

K 1o DR R

_—

BB R S

SRR BREE(ACS)

SR T ZE

FEAHEME e LT

Figure 2S M IR LR B D 43 1

ACS BB O —MREERIE IR, SMEHIRIRIE & L CREEIR S A X 20 & O E
BT =T ie (REHGEEIRTEAT (PCD) ) 23dH Y, AERRRIEE LT
EYRIER D D,

FTEENIR S A X245 0 T2 R L, PCL 233 bt T & 72 W B O i i (B8 18 H
TEL5HRThHD, Ll MBI X 20FE, RER, BA2, MrdEo
BEPFEY 2R 7 R0, IR~OAMNBRKENE VI RERH H[7], —Ji. PCIDER
FLRITEHS N2 MR BN ATRE T, A0HE Y X 7 MRS, £72. LI~
Di/NRTHLIZD, K~DAEP/NSVWHTHDH, LrL, RAEELTRAT
Y NEBZ AN S, MENEHAEINDLENI URIT RN DH[T], ZD

AT v PNMAIZ K D EIERITH 20% TH H([8], it~ T, PCIOAT v M E
9



HoO—EMEIZ AT v MIRIER LR E T 2 BT, B 2 FlOFH
Wik (T ACY v/ Fx ) R/ MEE) BHEE STV H[9],

BUE, LDEEEOIRFEL LTHRSNTWLF =/ B Y U r R P/

IZiFFree Yy (H—HR) . yrer 7L () | IR

(B =A%) DD, 1981 FICHARATERRINLET 7 r Y OKHRIT
200-600 mg/day Td v, EERREMEA OFESE., dufe v s v 5% B 7o
E) DR & 72 o> Tz, 1997 I KE T i S 41, 2006 412 HATHERE S
EHE RO B R VAT O X D REIERREHEE DR SN TR,
BAHESGF 7 oY bl L CTHIEIH & 300 mg/day., #EFFH & 75 mg/day
EAR T B TR 2 /BRI E ] &2 R 5 [10], BifE, 7w R L
NG EIZEN Ny 77 72X THU[11], EFIZEZL O ACSHEREREET HEE
RSN TWwWs, LnL, Zat RZ LiZxd 5 non-responders 7 5\
I%variable response” DIEHI & L HGEE O H LTV 5H[12], 2009 4 (ZBKIN - K [E T
ARIN, 204 FFICHARTERR INTEE RO T 727 L2 65817
DRFBEIRT DX AR INTZHE Y TH Y | BIRICBW TS AF ML
ERINTWDL, 7I7RAZVIVDEKARIZZ e E R 7L LI S 5ITE<,
)15] & 20 mg/day., #EFF A & 3.75 mg/day TH R 72 M/ MREEEIMHIER 2 /84
[13, 14],

—HOF = Y T RPUIMIEIEE A & Tk MBS I E & R
felenwrrn K7 v 7 Thy ., EENTEEREDICER SR, /MR -
D P2Y o ZAREBE G L. s8I 7 /M EEE I SIER 2 = 3[15], In vitro
ZB T DM/ EMBEEMRIZTF 7 o Y UEEREM AR LIRS, I RS
L7 m e R UL OATEMEEY X FRR B o i /s kRS il 1E &2 oR
[16, 17], L2xL. E&IK (invivo) IZBIT2ENBBEHEIZT 7 AT LR EKES
K<, NWTZaERT L)L, F7ab Y0 DIETH H[13, 14, 15], £/, 7
Z AT L)V TIREE R A EI2B 1T D non-responder (X1EE L7V [12], 7T A7 L
VD L/ NREESE M EIE R I, 5% 30 » CHRREHG R E RTOICK L, ¥
HE RS LR % 2 B LIG CIERB R A RI18], DEY., TR L
WME 7 e RZ Ll g U CEERZE N /NS < EORBLR HRE] Th

AWz b, ZODOXHBREGNCEBIT 5 in vitro & in vivo O T I Y EIBER) 72
10



FHENERNL WD EEZLND,
Table 1S (2 in vitro D 3EIIEM: & ZEKAOENHREIZHOWTE & D7c[l6, 17],

Table 1S Pharmacological activity (in vitro) of each anti-platelet drugs and clinical dose

in Japan. EIGEBICE D HRITR R D,

EARIINAN & 24 TITATL) | s RITL)L | Fraordr

7 v b R I/ A e A PR T

1.8 uM 2.4 uM %30 uM
(ICs0)

WK & (PRI E/AERHE) | 20 mg/3.75 mg | 300 mg/75 mg 200-600 mg*

EFIIAR L7 T 27 VLVORGIK EOEBEENEMME, Thbb, 7T
JUNBRZRE RTLLEHEBELT, MEHETEDRERHAL, €O RITHAE
MOFEE TEEBEBN DR NWEY THD ) LW BEREWALNCTLIZ L%
AL LT, EYBREMEA NS I 27 L L e 7 a e K7 LLoRETEMEL
WZHEH L THRSE L7z,

FB1IETIH v E R LLVOREGEERESH N KEWER, bbb,
non-responder NIFEET 5B R ZHL NI THZ L EZHANE LT, ZubE oL
IAEERGH M LRI 59 5 CYP 2y FHEAE & 2 DT 5 HRITHOWTRIME L 72,

FH2ETITIATVANMIMETEDEHA L, ORI E, Ho,
RN E R T BERZALNICT LI EEAHEME LT, 7R L LORIFEHR
HCTHDMKDRIISNER L, & MIGHRTOT T AT LIVIIK S REE SR %
FE L. REH% 51220 TRl L 7=,

FHIETITIATVANMIMETEDEIA L, TOMRPHEFETH HEN
ZH BT 2 AT T OFREEAEY L FREER (4 F) o9 biEEoM
VNI PER 2 FEAMEALIS M IS AEAE T D IR A TSP IE RS T D S- A
FIALEISIZHE B U, in vitro & in vivo O 7> 5 G- L7z, In vitro \ZB W T
X S-AFNMEERICEE 5T 2B ORIE &L ZONVERIREEL T v b« A X - &
MFI 7wy —2ZHWTEHH L, invivo IZBWTIET v FEB XA XITENE
R P 5% D S- A FAAREY 2 TR VER O K EYRE & 5FAf L 72

11




B 1 E RSV ARBIAERICHE ST 5 CYPRE L Z0E L
U BT % A

1.1 /hFF

7 m e N7 LTS OEERME#) 2 K& <, £7. non-responder (— X HJIZ
i /BRSNS 20%LL R OWEER#F % non-responder EFEFRL TUVND) D JER 1
ZHGRH 5TV H[12], Brandt JIT H (X7 2 ¥ K27 L L 300 mg % &% A\ 74 4
2. T AT LV 60 mg EEE N 71 ISR OB 4 RER o i /) AR R S 41 ]
ReEMEA KL, 7o R L LrOoFEEKBESHNSRKE L, £z,
non-responder NAEET 5 Z & Z i LT\ 5 (Figure 3S) [12], ERBLICE
OO IEMEH, EMIMbEREZZE x5 LT, FEERMEESN RS WERKZH 6
MIZTHZEITEETH D,

100
i

80
I |
omoos o 000
o COUHEIMOCEIS O

60

40

Inhibition of platelet aggregation (%)
20

0
1
o o EmooD

Clopidogrel Prasugrel
(n=74) (n=71)

Figure 3S The pharmacodynamic response to clopidogrel 300 mg and prasugrel 60
mg, as measured by inhibition of platelet aggregation (IPA) 4 h postdose.

(Brandt JT et al. J Thromb Haemost 2007; 5: 2429-2436 7> 55| L. —Hk %)
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ARE T EARMET N RKREWERKRZH S 223 5 HHT Figure 4S 2R LT
7 a e R7 U AAREHEE SO EE (2 B o B RHHEE) [CEAL, 73
E R VVIEEREIAERICE G T 5 CYP 2 FREORE &£ DO F5RITON
TRk L7z,

H_ COOCH; H \\COOCH3 H \\COOCH_,,
OO — IO — e X0
S Cl S Cl HS Cl
SOEETLL IOCFILAFASIR Ak JDEFTLAERER IS
(2-oxo—clopidogrel)

Figure 4S Biotransformation pathway of clopidogrel leading to its pharmacologically

active metabolite via clopidogrel thiolactone form.
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1.2 EBRMER LTk
12,1 #BRYE B X O

sua v R7 L, 7ab K7L LvF47 27 k4K (2-oxo clopidogrel) | 7 &
B R LR E KOV R-135766 (Figure 4S 3 X O Figure 5S) [19] 15
e pERK N1 (Ube, Japan) THRBK S L7, R-135766 127 &2 K7 LV F 4
77 FRB LV B E K7 LVIEMEREHY O LC-MS/MS HIl & FH R Y E
& LTl Al L 72, Butyl p-hydroxybenzoate (3 F15% 38 T 3 #k 204 41 (Tokyo, Japan)
MBEEAL, 7 v K7 LWEMENRHY O HPLC I AN EDE & L Cff
M U 7=, Furafylline ., omeprazole . (S)-N-3-benzylnirvanol . sulfaphenazole .
ketoconazole, glutathione, B-NADP, % X O} D-glucose 6-phosphate I Sigma-Aldrich

(St. Louis, MO) 7>5 . Glucose-6-phosphate dehydrogenase |4 U = > & /L E% £}
T ¥ A& (Tokyo, Japan) 6, FA— AL FHEEK(IELAETHL 5
3’-methoxyphenacyl bromide (MPBr) (8 si{bik T ¥ £k &4k (Tokyo, Japan)
MHENENEA LT, ZOMoE L, HlRkROFHK, —. HPLC DO D
A,

0
HOOC/@

0]
R-135766

Figure 5S  Structure of R-135766
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1.2.2 AWyl ek

CYP1A2, CYP3A4, CYP2B63 L (NCYP2CI9D K E / 7 1} — L HLIRITBD /N
A F YA = 24 (Woburn, MA) 776 CYP2COR Y 7 v F— ik L O
PFar bre— VgL A ARRE T EKA S (Yokohama, Japan) 725 L%
EA LT,

T— v Fe MFI 7w Y — 4 (1040) 135 E I RIS B 15 ANHABREZE B4

(Tokyo, Japan) 7> 5, CYP1A1, CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9,
CYP2C19, CYP2D6, CYP2El, CYP3A4% L UXCYP4AIIDE MU v 747 F R
FNEB AR LA — =y —24 (f#ftz v FCYPS 7-fE) |EBD/NA A A
T A4t (Woburn, MA) 72 bHZhEhlEA LT,

123 7w bERZJVAFAT 7 M EKAEKICES T 2CYPRE

NADPH-generating system (B-NADP (2.5 mM), G-6-P (25 mM), G-6-PDH (2
units/mL), MgCl, (10 mM)) 33 X O\CYP1A1, CYP1A2, CYP2B6, CYP2C8, CYP2C19,
CYP2D6, CYP2El, CYP3A4 A —/8—> — A% Pl % (3 mgprotein/mL) % &ieV
VWSV U AR (50 mM, pH7.4, total volume: 196 uL) % 72 (XCYP2A6,
CYP2CY9, CYP4A11 A —/3— — A3 BLA (3 mgprotein/mL) Z&de b U A IR
$21E % (50 mM, pH7.4, total volume: 196 pL) %#37°C F CT5% WA > F =X— kL.
4uLd 7 v B R 7 L /LDMATEK (R 500 pM) & BUSHRIZIN 2. 37°C T30
A U Fa_X— R L7, ASKRICIERDO =X 7 — )V EIRM L, #2057 B

(20,800 X g, 3 min, 4°C) #%. LiH25 uLZHPLCOMTEEICHEAL, 7o E RS
VIVFAT 7 N ARREZRIE LT,

15



124 7wt F7 LA MEEREYERIZES 3 5CYPRIE
NADPH-generating system, 7 /L% F 4 > (1 mM) I LN CYP1A1, CYP1A2,

CYP2B6, CYP2C8, CYP2C19, CYP2D6, CYP2El, CYP3A4 &t hV v 7 7
A K FEBLR (2 mg protein/mL) & &de ) Rl U U AFEE L (50 mM, pH7.4, total
volume: 195uL) F721% CYP2A6. CYP2C9. CYP4All b hU > 7 7T A F 3
1% (2 mg protein/mL) Z & e b U A% X (50 mM, pH7.4, total volume: 195
uL) Z 37C T TS A FaX—hL, S uLOZ7 e R LVAFAET 7 b
K DMA R (R EE 200 pM) % BUSRIZINZ . 37°C R T 90 3l A % =
NR— kL7, KKISKIZ 3 EEOT7E b=FU Lt 20 uL ® Butyl
p-hydroxybenzoate 7 = U JLIHK (20 pg/mL, WEMEEME) Mz . &=
L5y (20,800X g, 3 min, 4°C) # . [JF 20 uL & HPLC A ZE@E I EA L, 7
2R LV TR i B A& I E LT,

125 7B YERTUVILFAFTI M AKRAERICBIT BRI RT 4 7 ARXT A
— X B

NADPH-generating system33 X "CYP1A2, CYP2B6, CYP2C19A&A —/X—> — A
F& 8% (20 pmol CYP/0.2 mg protein/mL) # & de U Ve H U 7 AfEME R (100 mM,
pH7.4, total volume: 294 uL) #37C F TS5l A > FaX—KhL, 6 uL® 7 2 &
RV AZ ) —IRIR (RRIEEE0.625, 1.25, 2.5, 5, 10, 20, 40 pM) % K& #E (20
A2 3T CFTIoA ¥ a_X— kLo, REUSIKS0 pLic200 uL7 & F = K UL
E2 UM R-1357667 & k= F U JLIEHRS0 uLZ& i %, =040 BfE (20,800 X g, 3 min,
4C) th. EIES uLEZLC-MS/MSHHTEEEIZIEA L, 7o BRI LAF AT 7 b
VIKEEAZNE L, BONIENS12.10CRT HIEICH > T, BEHZEX 2T 4
JANT A —2 BB LT,

16



126 7w R UVEERBDERICB T LOMEXT T 4 7 ANRT A —X
B

NADPH-generating system, 2 /L% F 74 (EEES mM) I OCYP2B6,
CYP2C19, CYP3A4 A —/Xx— Y — L3 HL%A (20 pmol CYP/0.3 mg protein/mL) %
Gie ) A Y v AFEEK (100 mM, pH7.4, total volume: 294 pL) % 7212 CYP2C9
A — 8= — K3 HLR (20 pmol CYP/0.3 mg protein/mL) % & &e b U A M i £% 7
iz (100 mM, pH7.5, total volume: 300 pL) %37C F T553 A > F=2~X—hK L., 6
WL 7 v B RV AVTF AT T M ARA S ) — VIR (FIRE0.625, 1.25, 2.5, 5,
10,20, 40 uM) % SHRIZIN 2, 37°C FC1547 B L300/ A »F=2X— K L
720 ARBSHES0 uLiZ198 uL7 2 k= K U s, 500 mM 3’-methoxyphenacyl bromide

(MPBr) 7% k= bk U JLIEHR2 pL, 2 uM R-1357667 & k= k U JLIEHKS0 pL%&
mz. s EILEESE7-, 7abt R LVIEMREYOF 4 — LKA MPBrCi
BT S0, R T TL00KE L, =078 (20,800 X g, 3 min, 4C) £,
F{ES uLEZLC-MS/MS/PHTEEEIZIEA L, 7 v B R 7 L OLiE ARG W= B 4 ) E
L72[20], 5 ONTMENB1.2.10TRT HIEICES> T, BERERXXRT 4 7 AT A
—ZEHEH LT,

127 v MFIZmY—LHTOIZrE NI VUALFAT T N ARERRE
7 RTLAnG7a RT VLT AT 7 N ARERIZE T 5KafE (2
T U R AT UER) #HEMHT 572, NADPH-generating system$s X OV —
JVRE IR 27 v Y —2A (0.5 mgprotein/mL) Z&Te Y U ER D U v LR (100
mM, pH7.4, total volume: 198 uL) %#37°C F C550fl A > F=2X— kKL, 2uLd 7
DB RZLIVAZ ) — VIR (FKIEREL.25,2.5, 5, 10, 20, 40, 80, 160 uM) % [ )it
Rz, 37C T TS MA ¥ aX— K L7, DABEOEE1.2.55 & [FEk D
VEZ L=, G770 R VAVFAT 7 FUREELE 7Y K7 LVERIN
W B DAl A F L TKyfE %2 WinNonlin nonlinear estimation program (version 4.0.1;
Pharsight, Mountain View, CA) THEM L7z (1.2.102 &) |
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CYPHiRZ W T/ v RV AFF T 7 b AMRAERBERBREZIT 7,
SuLdo 7 —)v Rt FiFI 27 v Y —2A (20 mg protein/mL) & 10 uLOCYP1A2,
CYP2B6, CYP2C19E / 7 u F— iR Z{RE L C200 HKMm T TA »F 2 —
MLz, MBBECIEE 787 —= RO D I225 mM b U A HE Rk & i
(pH7.5) Z10uL7—/A Rt MFI 7o Y —AHFIZIRINLTZ, F0#%., & K6
W2 133 L 100 mM Y > B U 7 AR (pH7.4) & 50 nLONADPH-generating
systemZ iR L, 37C T TS LA v FaX—va %, 2ulo /7 vn e K7
LIV A K ) —)VIRHR (REEE4AuM) 2RI L, 37C FC5MA v FaX— kL

Tzo VABEDMET FR Kol I & RO #IEL Lz, o oilkls ulz
LC-MS/MSH 2@ ICEA L, 7 e KT LVAFAT 7 M RREZNE LT,
CYP1A2D EIRAPHLER] & L T furafylline, CYP2C19D&EIRAFLEFRI & L T
(S)-N-3-benzylnirvanol & omeprazoleZ i HH L T/ v & K7 L LF AT 7 K ARKD
AL ERRZITo7-, 77—/ Fe MFI 7 v Y — A (& IRE0.5 mg protein/ mL) |
(S)-N-3-benzylnirvanol, omeprazole (%BHFEAIKIREIO uM) 721 A ¥ ) — A
W (FREE) . 7 rE RZ L)L (RRIRE4uM) 258 ) A U U AfEER (100

mM, pH7.4, total volume: 225 uL) Z#37C T TS 7 v A FaX— 3 %,
75 uLONADPH-generating systemZ A1 L, 37°C F C543fflA > F =2 X— K~ L7z,

BHEANC furafyllines W72 84137 — /L Fe RIFI 7 vy — A (FIEE0.S
mg protein/ mL) & furafylline (F&IRE10 uM) Z & U U EeH U ¥ AEE KR (100
mM, pH7.4, total volume: 223.5 pL) %37 C FC250M 7L A4 o F 2_X— K LT,
ZDHk, 15uLO 7 a B R 7 L)L A X 7 — )VIRIR (KIEE4uM) ZEmL, 37C
TTC50MA v FaX— 3 %%, 75 uLONADPH-generating systemZ %01 L |
37C R TS5 MA ¥ 2 — |k L7z, UIBED BT EREKn B 5 H R & [RER O #efE
LT, SOk uLE LC-MS/MSOHTEEEICIEA L, 7o E R L LT 4
Z7 N URREEZRE L,
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128 EMNFIZmrY—2HTOrZ v N7 LR LR E

JRYERTVAVFLT T FARPL 7 v B R 7 UVIEHRARE A RRIZ BT 5
K %2 % 9 % 728 . NADPH-generating system, 2 /L % F 4 > ({IEFE 5 mM)
BLIOF—LFe FFI 27 Y —2a (0.5 mg protein/mL) Z &Y VAV ¥
LB (100 mM, pH7.4, total volume: 198 pL) % 37°C F T 54 MA > &% 2
—FL2uULD 7 BRI VAT AT T AKX X ) — VIR (IR 1.25, 2.5,
5, 10, 20, 40, 80, 160 uM) Z KSEIZMN &z, 37C R T IS A v FaX— kL
7eo ARBOGHE 50 pL 12 198 L 7 b= K VU /L, 500 mM MPBr 7 & b=k U /b
W 2 nL, 2 pM R-135766 7 b = b U JLIRHE 50 uL &2 00 2. SO & 45 1k &
Too LIBEOMELT 1.2.6 HEFEROEAELZ Lz, o/ n e RJ7 LILIEME
RFHP|EL 7o KT LLF AT N URRINBEOEZMHHA L T Ky 5%
BHELZ (1.2.10 228) |

CYPHiIAZ W T Z o R LLIEERE Y AR L ERR %2 L,

SuLo 7 —v Rt M 27 v Y —2A (20 mg protein/mL) & 10 uL®O CYP2B6,
CYP2C19.CYP3A4E / 7/ u F—VHFUKZIRA L C2005 KM FTA »F 2~ —
FU7z, fBBECIZE , 70— AR DO D V1225 mM b U A Mg ERRE T iR

(pH7.5) 10 uyLZ 77—/ Kb MNFIZ7 v Y —2ZRM L7, £72, SuLO 7 — b
Fe FFR 7 v Y —24 (20 mg protein/mL) & 10 uLAOCYP2COKR U 7 1 — L fii
BELFTa 2 bre—A U FMELZESG L TIOOM=ERFTA FaX—FL
oo TNUHBRINIEDA v FaX—2 g TR, FRISHKIZTI3 )b 100 mM U
VEEH U T NFEER (pHT.4) . 20 LD NV E F A (FRIEES mM) & 50 pL
DNADPH-generating systemZ sl L, 37C F TS 7 LA v F aX—v 3 U4,
2uLD 7 v B R LIV X F ) — )V (RIRE3 uM) 3L, 37°C F CT1547
A FaX—b Lz, ZOBOMIIKIERE & REOERIELZ LZ, 55
TS uLAE LC-MS/MS/y T3 EICIEA L, 7 o ¥ K7 L LR REWIEE %
HE LT,
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CYP2C9 D ER I FHLEFHI & L Tsulfaphenazole, CYP2C19D R HIFLEFH] & L T
(S)-N-3-benzylnirvanol & omeprazole. CYP3A4D R AL EA] & L Tketoconazole
A LT o F7 L AEEME O AR RERRE Lz, 77—/ FE MiT
S v Y —h (#IEFE0.5 mg protein/ mL) . Z IV H F A2 (FKIEFES mM) |
sulfaphenazole, (S)-N-3-benzylnirvanol, omeprazole (£ BHEHIKEIRE10 uM) |
ketoconazole (FEIRFE0.2 uM) F 72X A ¥ / — ViR (kHBEEE) . 7 e K7L
NFZT 7 N AR (REE3I M) 25T ) UiEh Y ¥ LEEE R (100 mM, pH7.4,
total volume: 225 uL) #37C F TS 7 LA F 2a_X—3 3 &, 75 uLd
NADPH-generating systemZ ifsJl L, 37°C F CI150HlA > F=2_X— kLK, D
%O IIK MBS R & REEOBEEL Lz, & 523 kS uLa LC-MS/MS%y
Froif@iciEA L, 7 a bt K7 L VisEREH IR 2 JlE Lz,
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129 Wik
1.2.9.1 HPLC £
AROWHEZ CYP RIERBR T/ o R LVALFA T 7 b iRBLIOz7nw
R UG DIRE 2 ERT D572 DICHE LT,
HPLC 3£ : LC-VP system (BR&4E B ERERT)
SYHTH 12 2 0 YMC Pack ODS-A302 column
(4.6 x 150 mm, Fi % 5 um, XStV A =LY 1)
717 LR 40°C
BE#MHO: 7k b=t Y AZEKEK/ MY 74 e fEl (TFA) =35/65/0.02
(V/VIV)
BEHO : 7& =k U L/Z& 8 IK/TFA = 38/62/0.02 (v/v/V)
JiE : 1 mL/min
R 0 220 nm
BEHOIZZ e RZLALF 4T 7 FARRIER, BBHQIEZZ vy K7L
IEVEREIREICER Lz, 2 R LAF AT 7 RO @& TIREE
(LLOQ) B X UE&E EIREE (ULOQ) 1ZZH £ 2 uM, 500 uM Th - 7=,
£72, 70 R LAEEREY O LLOQ 5 L N ULOQ IZZ N ZH 0.5 uM,
20 M TH o7, LLOQ RiDEEIZEr & L -7, FEKRILEZR LD
7 a R UEERBIL. ACT T4, 72 h=F U LHTLETH

> 7,
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1.2.9.2 LC-MS/MS i
BERXRT 4y 7RI A—2FHRBRB LUOHERRICB TS50 R 7L
VNFAT T R UERB IO oy RV UEEN#HE Y O E BT Takahashi 50 J5
£ (2008) I[CHERL L CURIKZ v~ 7 T 7 -2 7 KRB BT EF (LC-MS/MS)
T L 72 [20], LA RIS SRIFE R T,
HPLC #%{& : Alliance 2695 Separations Module (Waters Corp)
B &N EEE - Quattro-LC-MS/MS system (Micromass UK., Ltd.)
M %7 A ¢ Inertsil ODS-3 column
(2.1 x 150 mm, B FF 5um, ¥ —=x /P A = AR E4E)
B 7 LR 40C
BEifE © A% 2 — V/Z&R K/TFA = 710/290/0.5 (v/v/v)
P ;0.2 mL/min
A A > Abi% : Electro-spray ionization (ESI) — positive ion detection mode
TR — 3 VIRE 0 350C
Y — AR 120C
Capillary voltage : 3.5kV
Cone voltage : 20 V
Collision energy : 25 eV
EEBEROE=F Y T F
s RT7VAVFAXT T AR, m/z 338—183
7 vt K7 VLIRS SR, m/z 504354
R-135766 (NEEEHEYE), m/z 548—206
W E R G OLLOQIL0.025 pM T dh - 72, 7 — Z i HT 121X MassLynx version
3.4 software (Waters Corp.) % 7= [XMasslynx version 4.0 SP4 software (Waters Corp.)
Wiz,
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1.2.10 7 — Z fig#fr JiiE

BREX AT 4 v 78T A=A ORTOREEIL 3 F O KO meantSD T
o L7z,
JubERIUVABIONZ 0 RZVLF AT 7 b KEREICHEAL T,
CYP BELRDERXRT 4 v 7 RIF A =2 EHM LT, TOBEOERRHY K
IR RS (V) 1ZRXOit> THRI L,

A AR 3 3 FE (nmol/mL)x 1000
V (pmol/pmol CYP/min) = =w @)
20 (pmol CYP/mL)xA > % = ~X— 3 3 > [ [i](min)

SN XA T VTEE (K, pkM) & e KBS L (Vinax, pmol/pmol CYP/min)
l%Eadie-Hofstee 7’ 12 » MZEBWTHIE TH H Z & Ml L7-% . WinNonlin
Professional @ pharmacodynamic compiled model (model no.101, version4.0.1;
Pharsight) THEH L7-, B H SN 72 Knd L BV paddparameter estimate® mean+S.E.
ELCRLE, HEAFZ VT 7 A (Clind FVaalEZKnfl TR 2 Z LI X
DEH L, B NFIZ vy —LAHIZBIT5&CYPH FREOEAEZ VT T A

(CLint, expressed cyp) (FH@IZHE-> TR L2, o, E MFI 7 vy —2F D%
FECYPE & (pmol CYP/mg protein) [XRowland YeoH O 5 (2004) [21]1Z 70 #k
LThobr7T—2 %ML,

CLint, expressed cyp (pnl/mg protein/min)

Vimax X FFECYPT & (pmol CYP/mg protein) \
= E:M6)
K

s KT VATFAT 7 hUERBEIO7 e BT VARG AR B 5
T2 HCYPONRHHFLH (fucye, %) 1ZXOITHE > THRH L7,

%CYP%%$E@CLmt, expressed CYP x 100 X
Jmeye (%) = M6

z:CLint, expressed CYP
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JRERITLALBIONZ o R LVAFAT 7 MR EEEICHERALT, b
MNFI 7 m Y —2OBRXXT A v I RXTA—FEH N LT, TOBEOARKNK
WS HEER (V) 3O » THEH L,

A= RAR ) I FE (nmol/mL)*x 1000
V (pmol/mg protein/min) = X@
0.5 (mg protein/mL)xA > % = X — 3/ 7 VK] (min)

t MNFI 78y —2CB8F5 70 RTVLTFFT 7 b RBIXO 7 R
7 U OVTEMACHE Y A B DK B £ DWWVl X Eadie-Hofstee 7 2 v M 2B W THEIE D
DO LN oTzd T, AN® %M A L CWinNonlin nonlinear estimation program

THEH L,
Vmaxl xS (MM) VmaxZ xS (“M)
v N ENE)
Kmi + S (M) Kmz + S (uM)

S&i%gﬂ%g\ Kml <E Vmaxl V«i%%ﬂﬂl‘ﬁ@ﬁﬁ)” O)Km, Vmaxx I<m2 g-)- Vmaxﬂi'ﬂi—%%ﬁﬂ]
PED DT DKy Vinax & 8T B Z 4072 K, Vinad Z3 B O 5B OmeantSD & L T

ke B
CYPHUIA R L OERINAICYPIHL EAIIEE F OBEZRRAFIEM (%) 1K@l L v E

H L7,

T SRR AFTE I (%)
CYPHUIA & 72 IXCYPRRFEAIFIE P BT 2 AR E (uM) x 100
CYPHUAR L 721X CYPPREAIFEAALE T2 T 2 AR HDIRE (uM)

X®

FERIAERIIADICE > TR L,

FLEER (%) =100 - BERERFENE (%) RO
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1.3 il
131 ZubERILVAFAT 7 N ARAERIZE ST 2 CYPRIE

KCYPH THEIC L D27 0 E RV AVT AT 7 b UARERRIEME % Figure 11277 L
72,7 B R L JLIZCYPIA2, CYP2B6K L UNCYP2CI9IC L » T/ u B K7 Lb
FAT 7 R~ E RS2, CYPIA2, CYP2B6E KX TICYP2CI9IC LB 7 v &
RZVAVFAT 7 N AR ARG ML Z L Z411.92+0.19, 0.666+0.060., 1.17+0.03
pmole/min/pmol CYP T & - 7=, LFLCYP4y 7 FfE LIS (CYP1AL, CYP2A6, CYP2CS,
CYP2C9, CYP2D6, CYP2El, CYP3A4, CYP4All) O FfTIE 7ot K7L
WNTFFT T N AAROERITRD BTz,

1A1 | N.D.

1A2 1

2A6 | N.D.
£ 2B6 [ITHH
S n
S 2C8 N.D.
& 209 | N.D.
> s
2 2C19 H
£ 206 | N.D.
= s
= 2E1 N.D.

3A4 N.D.

4A11 N.D.
0 0.5 1 1.5 2 2.5 3
Clopidogrel thiolactone form formation activity

( pmol/min/pmol CYP)

Figure 1 Formation of clopidogrel thiolactone form from clopidogrel in human
CYP-expression system in the presence of NADPH.

The assays were performed by using the microsomes from baculovirus/insect cells expressing
human CYP (Supersomes). Data were expressed as mean = S.D. of three experiments. N.D.,

not determined.
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132 7w bt F7 LWiGEREm AR 59 % CYP FE

HFCYPH FHIC KL D7 v v BT L LTRMEARE O E RIS % Figure 2 1278 L
oo ZRYERTULALFAT 7 N UARIT CYP2B6, CYP2C9, CYP2C19 B L F
CYP3A4 Ik > T vt R LA TEMEREY~ & R S vz, CYP2B6,CYP2CY,
CYP2C19 B LN CYP3A4 IZ K527 v KT L WIEMEREmAREEITENZE
11 0.176£0.011, 0.472+0.011, 1.03+0.04, 0.419+0.013 pmole/min/pmol CYP T &
> 7z, EFE CYP 4y -fELI4 (CYP1AL, CYP1A2, CYP2A6, CYP2CS, CYP2D6,
CYP2El. CYP4All) O FRETIZZ v v’ R 7 L ISR O LR IZER D &
nWipinoiz,

1A1 | N.D.

1A2 | N.D.

2A6 | N.D.
= 286 [
b C
S 2C8 | N.D.
B -
A 209
>~
O 2c19
§ n
g 2D6 | N.D.
= R
=  2E1 [ N.D.

3A4 [T

4a11 | N-D.
0.0 0.5 1.0 1.5
Active metabolite formation activity

( pmol/min/pmol CYP )

Figure 2 Formation of the pharmacologically active metabolite of clopidogrel
from clopidogrel thiolactone form in human CYP-expression system in the
presence of NADPH and glutathione.

The assays were performed by using the microsomes from B-lymphoblastoid cells expressing

human CYP. Data were expressed as mean = S.D. of three experiments. N.D., not determined.
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133 Z/r¥ERILVAFAT7 MU ERBLOZ v v R7 L TEEGHY A4 K
WZB59 % CYP 7 FHEOD 77 B =

CYP 7% 8l% (CYPIA2, CYP2B6, CYP3A4) ICBIFH/n b RITLLTF AT
7 M UBRERD Kn B L Vi HH L7z (Table 1) o O ATEEEHET XT o«
I NT A=l FFI v Y —LAHO% CYP & & (pmol CYP/mg protein)
MNHE MFIZ7a Yy —AHIZEBITF5%& CYP o FFEOEAZ U7 72 A (CLin,
expressed cvp) AR L72, E£72, ROIZHE-> TH CYP O % 53 (fupeye, %)
ZHHHE L7z (Table1) . Table l IZ/RTHY 7 v R LALFAT 7 b ARARK
B 535 CYP 3 Ffi T 5 CYPIA2, CYP2B6 3 KU CYP2C19 O % 53|
ZIE I 35.8%, 19.4%F K1 44.9%TH VD . CYP2C19 D FEE N &b @ o7,

Table 1 Enzyme Kinetic parameters of clopidogrel thiolactone form formation
from clopidogrel

The assays were performed by using the microsomes baculovirus/insect cells expressing
human CYP (Supersomes). K,, and V,,x values were expressed as mean + S.E. of parameter
estimate. CLiy, expressed cyp and fneyp (contribution ratio of each CYP) values were scaled to eqs.

2 and 3 under Materials and Methods to determine contribution.

Incubation time K, Vinax Vi K Enzyme Abundances*  CLiy expressed P4so fucrp

(min) (uM) (pmol/pmol CYP/min) (uL/pmol CYP/min) (pmol CYP/mg protein) (uL/mg protein/min) (%)

CYPIA2 1 1.58 +1.35 227 + 0.46 1.44 52 74.9 35.8
CYP2B6 1 2.08 £0.73  7.66 £ 0.69 3.68 11 40.5 19.4
CYP2C19 1 1.12 £ 025 7.52 £ 0.36 6.71 14 93.9 44.9

* The abundances of CYP1A2, CYP2B6, and CYP2C19 were obtained from the reported data

in Rowland Yeo et al. (2004).
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CYP %#Bl% (CYP2B6., CYP2C9, CYP2C19, CYP3A4) (BT H /vt R
LWEPEREI LR D Kn B L O Vinax Z H M L7z (Table2) . EREFEERD Fik
LDV e MFI 78y —AHIZBIT 5% CYP FREOEAG 27 V7 7 2 A(CLi,
expressed Cyp) 72 O NI CYP DRH A 55 (fucye, %) ZHH L7= (Table 2) .
Table 2 IZ/ R FY 7 v & R 7 LOLIEHREWAERICEASLS T 2% CYP 2 FHToH
% CYP2B6, CYP2C9, CYP2C19 ¥ XU CYP3A4 OFHHITZhZI 32.9%,
6.76%, 20.6 B L1 39.8% TdH V. KL RIZE W THFERDE S @40 1
IZ CYP3A4 Th -7z,

Table 2 Enzyme kinetic parameters of the formation of the pharmacologically
active metabolite of clopidogrel from clopidogrel thiolactone form

The assays were performed using the microsomes baculovirus/insect cells expressing human
CYP (SUPERSOMES). K,;, and V,,x values were expressed as mean + standard error (SE) of
parameter estimate. CL;,, and f,cyr (CYP contribution ratio) values were scaled to equation 2

and 3 under Materials and Method section to determine contribution.

Incubation time K V inax VK Enzyme Abundances*  CLiy expresseapaso  Imcrp

(min) (uM) (pmol/pmol CYP/min) (uL/pmol CYP/min) (pmol CYP/mg protein) (uL/mg protein/min) (%)

CYP2B6 15 1.62 £0.08 248 =0.03 1.53 11 16.8 329
CYP2C9 30 18.1 =3.8  0.855 = 0.084 0.0472 73 3.45 6.76
CYP2C19 15 12.1 £2.2 9.06 = 0.68 0.749 14 10.5 20.6
CYP3A4 15 27.8 4.2 3.63 =0.29 0.131 155 20.3 39.8

* The abundances of CYP3A4, CYP2B6, CYP2C19 and CYP2C9 obtained from the reported

data in Rowland-Yeo K et al., (2004).
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134 BEMNFIZ/0Y—2AHTOI/RERITVAFATIZ U EBLIOI 1
B R 7 LouiE MG A R PR
EMFI 7y —AlBI570E RTVATFFT I N ARAERKDOKMEE

Eadie-Hofstee plots &2 ("Direct plots (Figure 3) DOfEE»OLHEHE Lz, & FIFI 2
Y —AHPTO7 B N7V IVFAT 7~ KA T Eadie-Hofstee plotsiZ 351
T E R L2728, @ % # A L 7~ WinNonlin nonlinear estimation program|Z
£V Kmny Vi & HH L7 (Direct plots) o Kmi & Vinax 1EZ 4VZ414.70 £ 2.62 uM,
144 + 61.0 pmol/mg protein/min T & ¥ | Ky & Vina2 i LT 471.9 + 30.8 uM., 1230
+ 220 pmol/mg protein/min TdhH o7, & MFI /7 r Y —AfFTHOI/rE RT L)L
F AT 7 b ARA R BB O BB IRINE EE IBUAYE O m WK (L O IR (4
uM) (ZERE LT,

(A) (B)
1200 + 1200 7
g 7
£ 1000 + é 1000 4
E ~
S O g
2 800 + O S 8001
a, e
(=W
e ol &0 600
g 600 g
S 0] =
£ 400 1 S 400 1
£ S B
> )
200 + o 5 > 200
0 I O 1 O 1 0 T T T 1
0 20 40 60 0 50 100 150 200

V/S (uL/mg protein/min) Substrate concentration (uM)

Figure 3 Kinetic analysis of clopidogrel thiolactone form formation from
clopidogrel in human liver microsomes by an Eadie-Hofstee plot and WinNonlin
nonlinear estimation program.

The human liver microsomes were incubated with 1.25 to 160 uM clopidogrel at 37°C for 5
min. Data are plotted using an Eadie-Hofstee plots (A) and direct plots (B). Line in B
represents the curve fit to eq. 5 using WinNonlin nonlinear estimation program. Typical

results from one of three experiments are shown.
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FERICE MIFR 7 m Y —AIZBT 527 v E R LILTERREH W AR OKyE %
B L7=, Figure 4/ZEadie-Hofstee plots & Direct plotsDfE FZ~ L7=, & MF
sway—LFPTO7rE K7 LEERETY AR & Eadie-Hofstee plotsiZ 351 T
2fMEE R L7272, KB % A L 72 WinNonlin nonlinear estimation program!{Z &
D Kms VimaxZ H I L72 (Direct plots) o Kmni & Vinaxt 1ZEALZ412.69 + 0.828 uM,
32.4 + 11.6 pmol/mg protein/min T& ¥ | Ky & Vinao (L LV 3194.9 £ 6.05 uM, 249
+41.0 pmol/mg protein/minTH 72, & NFI /7 vy —LFTOI/ o F7 L)L
T ME AT 4 26 Rl B 35 R o0 B IR N2 B 13BN D i W K A3 DR (3 uM)

IR E LT,
(A) (B)

300 R 250
2 E
[=}
g 071 = 200
g g
E © 5
g 4 )
o 200 g 150
= on
o0 1
2 150 o g
= S 100
£ 100 4 © =
& &
> > 50

50 +

o 0 4
0 — 9 | 0 ' : : '
0 3 6 9 12 0 50 100 150 200

V/S (mL/mg protein/min) Substrate concentration (uM)

Figure 4 Kinetic analysis of the active metabolite formation from clopidogrel
thiolactone form in human liver microsome by Eadie-Hofstee plots and WinNonlin
nonlinear estimation program.

The human liver microsomes were incubated with 1.25 to 160 uM clopidogrel thiolactone
form at 37°C for 15 min. Data are plotted using Eadie-Hofstee plots (A) and direct plots (B).
Line in B represents the curve fit to eq. 5 using WinNonlin nonlinear estimation program.

Typical results from one of three experiments are shown.
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B/ 78— ABLORY 7o)t —LCYPHIRIC LD 7 nE R VAT AT
7 PR LG v e R U TEPEG Y O A BB E 2R & Table 312 % L 7z,
CYP1A2, CYP2B6E L UCYP2CI9E / /7 ) —AfiKIc L b/ uE R LT
FT7 7 N UROAEREFERITZNEI30.9 £9.0%, 26.0 £2.5%, 5L N42.0 £
8.1%TdH V., CYP2CI9OE / 7 uF— LHIKIC L DL ERNE L@ - T2,

CYP2B6. CYP2C19. CYP3A4%E / 7 1 F — L HifkE L OCYP2COR Y 7 v F
—NHURIZCE D7 v v B 7 L WTEMEAGE BT E R IX 2 £ 11543 + 3.4%,
32.9+4.2%,31.3+5.3%, BLXUI3.5+44%TH Y, CYP2B6E / 7 1 F — L FLiK
IZEDHEEREN R b @21,

Table 3 Effect of anti-CYP antibodies on the clopidogrel thiolactone form
formation from clopidogrel and active metabolite formation from clopidogrel
thiolactone form.

The assays were performed by using human liver microsomes. Anti-CYP1A2, anti-CYP2B6,
anti-CYP2C19, and anti-CYP3A4 were monoclonal antibodies, and anti-CYP2C9 was
polyclonal antibody. The inhibition ratio values were calculated using eqs. 4 and 5 under

Materials and Methods. Data were expressed as mean + S.D. of three experiments.

Inhibition ratio (%)

Clopidogrel thiolactone Active metabolite
form formation formation
Anti-CYP1A2 30.9+9.0
Anti-CYP2B6 26.0 £2.5 543+34
Anti-CYP2C9 13.5+4.4
Anti-CYP2C19 42.0 £ 8.1 329+4.2
Anti-CYP3A4 31.3£5.3
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CYP1A2 OFLEHI & L T furafylline, CYP2C9 D [HLEFHI & L T sulfaphenazole,
CYP2C19 O FHEHAI & L CT(S)-N-3-benzylnirvanol & omeprazole, CYP3A4 D%
#l & LT ketoconazole #fEH L C, 7 u b RIVATFHET7 7 FARBL T o
B R 7 L IVIEPEAGE I A R BT D R AF B SR TEE & Figure 5 (/s LTz, 7 v B
RTZVAVTF AT 7 N ARO AT 10 uM furafylline #RANC K Y 34.9 £ 0.5%., 10
uM (S)-N-3-Benzylnirvanol 35 & T8 10 uM omeprazole #ANC L D Z L4 26.9 +
10.5%8 L N27.1 29 2% EE N7, 7 v B K7 L WIEMHEREY O £ 50T 10 uM
sulfaphenazole #sANIZ XV 36.2 = 7.7%. 10 pM (S)-N-3-Benzylnirvanol 35 X T8 10
uM omeprazole IRMIZ K W TN ZE I 354+ 152%B KOV 31.3 £ 173%ME S, 2
uM ketoconazole #RANZ X ¥ 38.4 + 8.4%[HFHF S L7z,

Clopidogrel thiolactone form formation

120 ~
%A 100 -
E § 80 -
8 oo
o g 60 -
E . p—
< ]
g‘ g 40
N &
[E 20 -+
0 T T T T
Control  fyrafylline  (S)-N-3- omeprazole
Benzylnirvanol
120 - Active metabolite formation
> 100 h|
E e\i 80
S o
Q g 60 -
S35 4.
=
T
U:J 20
0 = T T T T

Control  ketoconazole  (S)-N-3- omeprazole sulfaphenazole
Benzylnirvanol

Figure S Effects of the selective chemical inhibitors for CYP1A2 (furafylline),
CYP3A4 (ketoconazole), CYP2C19 [(S)-N-3-benzylnirvanol, omeprazole|, and
CYP2C9 (sulfaphenazole) on the clopidogrel thiolactone form formation and the
active metabolite formation by pooled human liver microsome.

Data were expressed as mean = S.D. of three experiments.
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1.4 E%

ARKETIZZ o R LG 7 v BT LLEERBYARBRIZE TS 2
BelE e biafe (Figure 4S. pl4) ([ZB5 35 CYP o FHEDFIE R b NZ4 CYP

DFREOMRMEGRLHA SN LT,

s RV Anbr7a e KT VAT AT 7 N ARERICE 53 5CYPSH 1
FEIXCYPIA2, CYP2B6, CYP2CI9TH o7z, Fiz, 7R ERKIVLALF AT K
YRS 7 e R L IEERE Y AR BT 5 CYPAr TR I CYP2B6,
CYP2C9. CYP2C19, CYP3A4TH o7z, Savib i (19944E) 7 m v R 7 LLIg
PEARE Y A RIZCYPIADS B B4 2% & @ L7 23[22]. AWFZEIZ B W TCYP1A2AY
EET20E7 0 RIVAFAT I FRERTHD ZERH LN E R ST,

Dansette 5 /L7 7 &' K 7 L LEMEREHDIZCYPIC KV 7 e B R LLF AT
J MR OF AT = VEBREML LS, TD%, ER LI rE R LIV
VT = VBN ERNO TV E T A E RIS L TERT D EMELT
W5H[23], EHIC, MOFRIIZENWTHF =/ B Y 22 RPN EE O IE M
WA RRICITIR TTH & LTI N E T DODHFEENRLETHD Z ERHREI N TH
=2 L b[24,25], ABFED 7 v v R LATEEREH AR S X 7 v H F A
VAETE T CREHI L7z, SaviD Din vitro S S [2211C X 7 v # T4 v iR L C
WZRWNWIZENHLZORI BRIENBEINTEELET D,

BEEXRT A v I NRNTRA=ENLHEMB LI KT LA TF 4T 7 R4
FIZBE 595 CYP1A2, CYP2B6, CYP2C19 O Uil % 5 FiX T4 35.8%.
19.4% T 44.9% Th o7z, £ MFI 7y —AficBW\WT, 7t K7 LALF 4
7 7 N UARAERKIT CYP1A2, CYP2B6 38 KX O CYP2C19 & / 7 v F — ik &
D, FIZEI 30.9+9.0%, 26.0 £2.5%, BEL 42,0+ 8. 1%MAEI N/, EHI
E MRy -2 T/ R ERITVLATFAT I b URARKIE 10 uM
furafylline ( CYP1A2 FH 2= &) Hw M XV 349 = 05% . 10 uM
(S)-N-3-Benzylnirvanol (CYP2C19 fAEHAI) # L T8 10 uM omeprazole (CYP2C19
FHEHRD) WX, T 269 +£10.5%F LN 27.1 £ 92%HE SN, HT
K722 HONE CYP PHEMEZHEH LIERBREREBRERXXRT 4 v 7 RXT A=)
CRHLERBELSROMENS, 7RI VLF AT 7 U RAERMICES

45 CYP 2 FFEORH F 521X CYP2C19 > CYPIA2 > CYP2B6 DJEIZ E W\ & &
33



855,

EEXRT 4 v I NTA—EDLEMB L7 a e K7 LIV TEMEREY ARk I
B4 % CYP2B6,CYP2C9,CYP2C19,CYP3A4 DR a7 - R ITX £ 1L 32.9%.
6.76%. 20.6%FB L 398% Th -7, & MFI /Yy —afick\T, Z7ov
R 7 L VIE MG A4 B CYP2B6, CYP2C19, CYP3A4 £/ 7 v F— L HiikE
FOCYP2CO R Y 7 v F— L HURIZ LV £ E 40 54.3 £3.4%,32.9 +4.2%.31.3+
53% BEUI13.5 £ 44%fHEF SN, SHIZ, B MFI /Y —2HpTrry
R 7V IR PERE 28 10 uM sulfaphenazole (CYP2C9 FLEA]) #MZ XLV 36.2
£ 7.7%. 10 uM (S)-N-3-Benzylnirvanol 35 & T8 10 uM omeprazole ¥{iANIC & D Z 4
ZI 354+ 15.2%% KOV 31.3 + 17.3%FA 5 & 41, 2 uM ketoconazole (CYP3A4 [
FHHD) BRI XLV 38.4 £ 8.4%FHHE I 7z, Piikle b ONT CYP BEAIAZ A L
R R EMEX R T 4 v I N T A= I DL EB LR EGROKEND
7 v K7 U VIEMAAGE Y A R CYP2B6., CYP2C19, CYP3A4 23 [A L~ L
THEGLTWNWD EBLET D,

AREIZBWT CYP2C19 N7 v E RT LANL 7 e R LWIEER# YA
BOBRRIZI T 5 2 BERAGEEREOMBRICRKRELSFE LTI L2 6N
L 72, EBEL CYP2C19 DARFHEM AT & A E 72 W EKEE (poor metabolizer; PM) |
TEPEME T LTV B (K% (intermediate metabolizer; IM) | JiEPEDS @& UM E R BE

(extensive metabolizer; EM) (27 B & RZ7 L)L ZfE OG5 L, M5 iErEREH
Wy FEE & aft s IRV S B VR 00 BESE M A FEAN L 72 R RRRBR TIX. CYP2C19 PM
FETIEMEAGH D AL Rl e & DN i/ MREER I E A BN E v o |ENR ST
%(12,26,27,28,29], Z D X 5 72ERIKRFER & ARFERE RS, CYP2C19 237 1
VR VWEEREMARIC RE R EL 5 2, EHE R OMEAKHEHICKE
CFHHELTWD EBLET D,
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1.5 /FE

F—EOMRBENL, UTOZ R ENERoT,
IR ERITLANL IR E RT VLT AT 7 b ARAERIZEE T 5 CYP 4 1
fiiX CYPIA2,CYP2B6.CYP2C19 TH Y . T DFERIT LN LI 35.8%.19.4% .,
44.9% T > 7,
B ERTVATFET I FENL 7 v e R T LWIEEREY AR ST
% CYP 4y 1-ffl% CYP2B6, CYP2C9, CYP2C19, CYP3A4 ThH YV, T D% 5%
(T Z N 32.9%. 6.76%. 20.6%. 39.8%Td - 7=,
s 7 aE R7VATEEREW AR 2 B OBR(ENAH 2 BT D508, Z OB
EARFHIZ CYP2CI9 MRELSHFHELTWDH I N7 v R LILOEIEIIC
BIAEMAEMESHOERD 1 >THDH I ENRENT,
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FH2E TITATVLIVOMNMKGEISICEE T 58 /A E T
RKIP (Raf kinase inhibitor protein)® [f] iE
2.1 /NP

RKETETZATVAVNEHETHEDER L, TORPEE, Ho, 3z
THLHERNERHLNIT DD, 7T A7 LIV DORIFENGEH T 2 MK 8 EOS
WZHEH Lz, 77 A7 VL OIEMEAEH Y A R 1T Figure 6S (2773718 Y [25].
RN TINAKRG I ZZ TTFAT 7 P ARIRE# S, & HIZ CYP I K DRI
#az T T, IEERE A~ L AR SN D,

0

FSRTL I FASotAR FSRTL IR

Figure 6S Metabolic pathway of prasugrel

(Rehmel JL et al. Drug Metab Dispos 2006; 34: 600-607 7> 5 5[ L. — &tk %)

Z DMK/ THNZHEIT L, TT7AT L ADIFEALENT
A7 7 MR~ LRGBS D 2 LA, EREBENIRE, Ho, (RAHETHHEE
RIEDERTHERO 1 DEEZEZbND, TITATVLAVEINGEI /ey =20
E AR FU N RAT T —E 2 (hCE2) IZX > TMAKRDMEESZ T DN, —F
CT.hCE2 DMK FRIEMIL 7 T A 7 LIVIEE 109 uM LA (272 5 LK T4 5[30],
ZOWEFE (109 uM) £ 250 mL DK T 7 A7 L L 10 mg % IRE L 72 B o J g
ZIZIEVEECT 5 [31], EERFER (in vivo) TlX, 77 A7 L /L% 2.5 mg, 10 mg, 75
mg DHETRELEZEOT AT 7 RO MAEPREITRE Ch - 72[32],
iw\mmm@%%%%ﬁﬁék\ﬁmg®%%?%ﬁiﬁkywwmﬁ$%

ZRICITR DT D121, hCE2 US D INK G REEFE OFERE 2 b b,

Z 2T, ARETIEE MNETITAFET D hCE2 LIS O NNK 7y iR 55 2[R 7E L |
IR 53 iR B 5 O R % 5- 12 2 W TRl L 7,
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22 EBRMEIR L Ok
22.1  HBRME R LU
TITAT VIV FAT T ARE X OR-135766 (Figure 653 & U'Figure 58) [33]
XTI B EE R 4L (Ube, Japan) THEL I L72, R-1357661LF 47 7 h KD
LC-MS/MSHIIE HNEIEREDE L L THEM Lz, a7 7 —EBHERD 7 7 v
(cOmplete mini: mixture of serine, cysteine and metaloprotease inhibitors) (&=
2+ 74 7% A= Atk (Mannheim, Germany) 7> . Bis p-nitrophenyl phosphate
(BNPP) (&Sigma-Aldrich (St. Louis, MO) 7>, Laemmli sample buffer, Flamingo
fluorescent gel stain, 5%-20% SDS-PAGE, 12.5%3 & 1'7.5% SDS-PAGE (Ready Gel
. RKIVEe=VFrY7a74AF (PVDF) AT VL UiEA"AF Ty RTR
7 FU — XA &+ (Richmond,CA) 706 Trypsinigik 137 v A TR &+
(Madison, WI) b ZnFNEA LT, ZoMoRIE X, TRk, —ik.
HPLCH D & O % iz,

222  EWTFRIRE

7 — )L Kb b/ SO (MEHE mixture) (% Sekisui Xeno-Tech ff: (Kansas, KS)
X0 BEA L EAERNG S9 (HIS-063-S3: 16.6 mg protein/mL, HIS-067-S3: 12.6 mg
protein/mL. HIS-084-S3: 19.9 mg protein/mL, HIS-111-S3: 5.7 mg protein/mL) %
e FEE FITEENE N HAB W 20864% (Tokyo, Japan) L WA L 72,

FreeStyle 293F i, M@k B, B B ARIK 23 7=/ FrBLUR~ v
ALt K Raf Kinase Inhibitor Protein (hRKIP) HiifiLA > & hr ¥ = KA
ft. (Carlsbad, CA) 75 . FLAG M2 agarose | Sigma-Aldrich 7> 5, #20% ILFE 52
BRI L7 FHhRKIPHIIR & 22 b — L 03X [gG ISt se i 4
WWE5Epr (Gunma, Japan) 76, FIMET VT I EZY—F7 4 v vy —H A
T 47 4 v 7R EH (Rockford, IL) 72 F R FLlEA L 7=,

hRKIPAR U 7 v F — L Hi{R (RKIP FL-187: sc-28837) |4 Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA) » 5. 7% FHhCE2E / 7 1 F — L HiiR IR Stk
W HFFE AT D> 5 . Amersham ECL-anti-rabbit IgG Horseradish peroxidase (HRP)
linked species-specific whole antibody, Amersham ECL Plus &% 7z [XAdvance V7 = A #

Y7y T 4T HREY Y MIGE~NIV AT T Vv NS 4E (Tokyo, Japan)
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/™5 | Peptide N-glycosidase F (PNGase F, Lot 0360910) (I == — A > 7 F R -
NAF TR« Py &t (Tokyo, Japan) OB ZF A LT,

2.2.3 W LN G R i 4y o R Y

YL Rl el 1 53 O TR BT — S RS E M M BB E e > T 4CF T
Fh L7z, AU —RN a1k (Ibaragi, Japan) 226 AF L7 =7 A $ L/ HIC
IERDARE Y R — MEEIK (025MY akis FTus 7 —BHESL 7 TLE2E
7010 mM HEPES-NaOH#Ef#X (pH 7.0)) ZM %, AU hr > THREV X —FL
7ok Bt 2L (9,000Xg,4°C,30min) L, SOESZME Lz, 61T, S9D—
A& L (105,000 g, 4C, 60 min) L., EyEZYA b YILVES, LEEI Y
7Y —)VlsyrE Lz, 2ol an=&MEmsy (Y% —hK -89 37
1Y = A N Y V) AFNK G iR SR O JRAEAL D RREHT VT,

224 Ky fREEESR O JRAEAL

100 mM HEPESHEME K & VNG ARE Y X — K S92 78/ —ABLOYA
kYov (&R 53 # R 2 1 mg protein/mL) D& S IZ 7 Z A 7 L )LDMSO
WK A BRE6 mMIZ/e D Ko lZimL, 37C T TCIsmMA v F =2~ — kL7,
ARBGHES0 uLIZ A & 2 — /1100 uLE N L, BOGE Ik 730k % Ultrafree-MC
0.45mmPVDFA Y 7T 7 4 NVE =TT 4 NVE—AWTHZEIZED, Boh
o2 uLA LC-MS/MS T EIZIEA L, T4 7 7 M ARREAZRIE L -

225 BEEREH
2.2.5.1 & RS9 EHILNGY A NV H O INIK Gy R SR R B

200 uL @ & /G S9 (10 mg protein/mL) % 7 /L At 77 7 A (Superdex 75, GE
A~V ATRE) ICARTF L. K 0.5 mL/mL T 20 mL @ 100 mM HEPES #% & &
(pH7.0) Zi L. WHIEZ 0.5 mL ORI L7z, 77 A7 L LD KL fRTE
M2 R 5720, SR 30 uL 1277 A 7 L)L DMSO &k % #& 2 E 6 mM
2722 X 5 IR L, BNPP (IR 1 mM) fF7E F. FEFF(E FC 60 43f. 37C
TTAUFaX—h Lz, ARSI S0 uL (2 A F 7 —/1 100 uL 2R L. S

FAEIE ST, DI, 2.2.4 BICRHE L7 OH L RROBAEZ TV, 472 b
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VIREBEAZRIE L, YVNGEY A N YV FEREOEEEZITV.,. FIEERT O
FAZ7 7 N RREZHE LT,

2.2.5.2 YIV/NGH A R IV DK 3 iR I SR T

Pl (5g) MO INTZ/IGETA N Y LA 20 mM EEEE T U U AV
. (pH6.0) TiHEMN L. BN % HiPrep Heparin 7 7 & (GE ~/V A7 7 #E) |2
B Lz, BT AaR%, EE 20mL (LT U v AR (BE AR 0-0.5
M) T/ 7V=r hEHL, BHIEZ 05mL 2B L, 77 A7 LLO

Sy PRI 2 BNPP AF1E T, HEAATE T CHER T 2720, 2.2.51 L RBROEAEE
Uiz, F72, WHIET~O hCE2 IR A Z MR T 2720, v FH hCE2 £/ 7
7= AR (1 ketER) 2Rz 22 Ty T4 0T Lz, U= A
ZrT YT v T EETRE, 2.2.11.2 (250 L7z,

HiPrep Heparin 7 7 LAAHIED 7 7 7 2 > No.5-10 # 7 —/L L, 1 mL %A
Z P mono S 5/50 GL 7 & (GE ~/L A4 T 4k) I L, B4 30 mL DI
b7 MU U LK REARL 0-05M) T/ 7Yy MEH L, K% 0.5 mL
FTOMUL L7z, 2.2.5.1 ERIBEOENEEZ L, 77 A7 L LD INK G fRTE % BNPP
HHFET CHRBEZ., 7T AT VAIKGIEERRBO N7 T 7 v a &
—/L L., 20 mM Tris-HC1 ¥&#& (pH9.0) Ti&E#Mr L7z, £ Dtk, BN Z 1 mL
£ 2 mono Q 5/50 GL 71 7 & (GE ~/LAF T #:) I[CAM L., 3k % 30mL
WAL MU U LARK (REAE 0-05M) T/ 7V =2y ML, BWHKE 0.5
mL § ORI L7z, 7T AT LAVONKGIRIEEZHERT 2720, 2251 &
HOBNEE Uiz, £z, WHIKDO—#% 5% - 20% SDS-PAGE 7' /L % W TEX
Pk#E) L. Flamingo ® X7 VAT A o CTHNLVGREHKR, S X v\ 8%
molecular imager FX (N"A A4+ 7 v RTIAKRT M —XA&Ht) TRF L
Too BT T T AT L IVINK A RIEVE S B > 72 mono Q 5/50 GL 4 7 A ¥a IR
77— L. 20mM Fifg T B U U AR (pH6.0) THEATHR. #ENTHKZ 0.24 mL
P A XD mini S PC 3.2/3 5T 5 (GE ~LAZ T ) ICAR LT, Atk
72mL O LT Y U AR (REAR 0-035M) T 7Yy MEHL, %
HIWER (0.5mL) 7T X7 LVINKSfEIENE L SDS-PAGE IZ L5 % X7

B2 LR O T E TERR L7z,
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22.6 LC-MS/MSEIZ X %% 7 EEE

Mini S 1 7 A CTHylEith, {EVEME 4y % SDS-PAGE ([C X W bl L, 77 2 v Y
BriTolc, Btk IEEEMHBET LI AN FZO 0 LELLT VXL, R
T b EIT o7z, 16 R KIRE 5% OB AR L, HbEXTF &
TR Bl Lz, LC-MS/MS 2 X DiNa -/ 7 e —jfikra~ 777
# — % ¥ L 7= LTQ-Orbitrap (Thermo Fisher Scientific) % L 7=, &S
LT, vy AR, EE 15,000, MS A7 Vg b iEE O 2
Ll D 6 HO T v —H%—A A Zxt LT, 7 — X KFHIIZ MS/MS A~
M ERS Lz, 7 — % X—ZARHKIZIEL Mascot ZFEA L, 7 — ¥ X— R |21
Swiss-Prot  (human) ZfEH L7c, MRFKMHFE LT, XTF FORYIM 2 £ T
P4, fixed modification (21X AT A VFEIED I VNI KA F AL, variable
modification (21X 4 /N7 B N K7 F ik, A FA=v kLo, 72
WRIX | TNEIVEREOBRT I /{bx 2N ENEIR LT, X7 F FOFHE
HaELOFREEE Sppm, Y0 X7 A A OFEE E OFFEF % 0.8 Da
ICREL, BEEIZXE/ 74 Y My 7 %, HEEX A 71X BESI-TRAP Z 3R L
oo XTFROREEITAZEMO Y 7 ~% HWW T, FDR (Fales Discovery Rate)
D I%LLTICR D 7 4 v Z —2 i Lz,

T
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2.2.7 hCE2 $ X O" hRKIP % Hi. % 7 f

hCE2 B 7 Z —OFRBIT AR S O FIEIZHE» THENi L72[34], RKIP |3t
N 293F #f D cDNAlibrary 2> 5 7 17— L, AMRH S O FIEBSNTHE - TH A
NAT T 4 ANVHFRO T BT —4%—T TN KiglZ FLAG ¥ 7 % f+1F 7= RKIP ¥
ARy 2 —Zd il L7, k@ % > 8278 (GFP) . hRKIP 3 X O hCE2 @
FEAR T Z— (30 pg) % 293 7 =7 F & T 293F Ml (3x107 cells) (2
ALT, BarEAINIMEZ 72 FEAEEEEZ, BEREMRZ =G L TEIX L,
lysis /X 7 7 — (20mMTris-HCI (pH7.5), 500mMNaCl, 0.1% NP-40) H TR
7o Ok T, 543) o AR & 0% . A FTER (L8 47 300ul 29T FLAG
M2 7 e —A (FLAG JUAREELE—X) SuL &I L., 4CF T2 R A ~
FaX—hL7%Z, £DO%, FLAG filfEE(LE— X &m0 L, lysis Ny 7 7 —
500puL T 3 [EIEH L7z, FLAG fifkEE e —XIZ/HEAE L2 X7 H % 0.1
mg/mL FLAG X7 F K& lysis /N 7 7 —100uL T L | recombinant hRKIP
L L 72, Recombinant hCE2 | hCE2 O3 E{E A2 W T, EFitFEEOEAEEZAT
W, ALz, SBIZ, 22— AT TR ARNAF TR D XS
fto7m a3 it > T, PNGase F CALEEZ L7 D2 T 2 A Z T ayT 4
YU OERRESE LTHEM L,

228 TFTA TV MNRAERICB T OBERXRT 4 7 AT A —FHH

KEHIZTFZATVAVEER LT F AT 27 b ARARFF O hRKIP 35 X OVhCE2
recombinant DER X R T 4 7 ANRT A —XZ =HHTHHMTU TOREBRZ L
72 Recombinant hRKIP (&I FE: 1 pg protein/mL) & 7213 recombinant hCE2 (#%
JEFE: 0.25 pg protein/mL) % %S L 7= 0.1N HEPES #& iz (pH7.0) 198 uL % 37°C
TTS5 oA ¥ aX— MM, FRISHKIZ 2uL O 77 2 7 L)L DMSO iR (#%
L 0.625, 1.25, 2.5, 5. 10, 20, 40, 80, 160, 320 B LT 640 uM) % Z il
WML, 37CFTC2oMA vFaX—bF L7, ARIGHK 50 pL IZ7 & F =
KUV 100 uL & 2 uM R-135766 7 & b = b U LIRHK 50 pL Z R0 L, 22040 B

(20,800 X g, 3 min, 4°C) #%. EJ5 5 uL & LC-MS/MS ZoHr@EICiE AL, T4
77 N AKIRE ZRE LT,
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2.2.9 t b/ S9 H1 D hRKIP 35 L O hCE2 3 Bl &

hRKIP 35 X O hCE2 O R w5 R A BH M T 5720 K e F/hE S9 (n=4)
HDhRKIP B LU hCE2 B ®A V= AX T 0y T 4V 75 ChER LT,

Recombinant hRKIP (100 pg protein/mL) % 0.IN HEPES #% & #& (pH7.0) THj
WMT 52 &Iilckb 25, 5, 10, 15 F X O 20 pg protein/mL @ recombinant hRKIP
B L, v M/ S9 H hRKIP 2 & E e O AR AR S L7, A e
k7 i S9 1% 0.1N HEPES #%f##& (pH7.0) TAM L. 0.8 mg protein/mL @ ji& &
AR L 72, mEARAHREE, SMEEB e R/ S9 (0.8 mg protein/mL) 35 K OY
GFP (Recombinant ® 2> ka2 — /L& LTHM) IZ5% ANV T hk ) — L%
T ie Laemmli % 7Ny 7 7 —Z 2 fFRIRAN L, 100C F T 5 45 M0 E LB
L7z, AFE 10 uL % 12.5% SDS-PAGE (ZA&ff L., FEXIKE (140V, 80 min)
%, VAT ayT 4 T E{Tol (22,112 58)

PNGase F #LE % L 7= recombinant hCE2 (50 ug protein/mL) % 5% A /L7717 |
T % ) —)vEEGTe Laemmli 2 ANy 7 —THRL, 1, 2.5, 5, 75 B X
N 10 pg protein/mL D PR FETHHEL L . 100°C FC 5 o MMMEVGLEE L 7=, AE %
B~/ S9 H hCE2 & &HIERF O EMAHFE & Lo, BRI E NG S9 1%
0.1N HEPES #% % #fZ (pH7.0) TAy A L . 1.6 mg protein/mL D & £ |27 # 1% . PNGase
FCRE L7z, 0%, HEEMNE MG SO 5% ANV T N & ) — V&5
i Laemmli % 7Ny 7 7 —% 2 fEEIBII L, 100C F T 5 43 MIINEVLEE L
7=. AFEF10 pL % 7.5% SDS-PAGE ([C&fif L. EXkE (140V, 80 min) 7%,
VxAREZ TRy T 4T ETol (22112 2])

VxRE T a7 4 7%, & /RS9 H hRKIP ¥ KON hCE2 F B &%
EBEUVxAX T oy MEFTETHE L, EEVAX 71y MEITIEIL
DWTIE 2.2.11.3 IZFd#k L7,
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2210 & RNBE SO TOT AT 7 N ARA KL E

HL hRKIP Hif % T hRKIP ¥ > /87 H % fh¥g S &, Z D%, BNPP % fii Al
LT, 477 hrERoERMELZHRFT Lz, A& E MG S9 (n=2,
HIS-063-S3, HIS-111-S3) 20 pg protein/tube (ZHL hRKIP Hifk £ 7= id=a > ha—/L
7 B ¥ 1gG Bk (20 pg protein/tube) % Ml 2 C TNN #& & % (20 mM Tris (pH 8.0),
100 mM NaCl, 1% NP-40) 1 T4CTF, —MA F=X—FL7, TD®%, Xk
IZ 10 uL @ protein G-Sepharose Z Mz, B —7 —&% —T4C T, 3 K@ L,
T EHE AR 2 B Y R\ 72, hRKIP & > /37 B O 5B R E 13 7 B £ 5 hRKIP Hifk
FRWE Yz RAZ Ty T 0 72 THRERELE (22113 28) .

PLhRKIPHUA 721 2> b v — L U B FlgGHUAR THRERE S E7- b G
SO 7 (KEIREE: 0.2 mg protein/mL) & BNPP (GJREE: 0.1 mM) f#7E K., JE
1#1£ T 50 mM HEPES#Z % (pH7.0) 100uL%37°C F T2 M4 > F 2_X— kL
2o TlAvFaX—varith, 7927 LILDMSORHK GRIEE40 uM) % iR
ML, 37C F T A % 2_X— ks L7ZEHR10 uLiZ90 pLdD50% A ¥ ) — VK
a2 L TROMEIE LT, £k, RER25 pLIZ75 pLD50% A &/ — VIR
U LT B2 LC-MS/MSH T B ICIHEA L. T4 7 7 b U REEZHIE LTz,
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2.2.11 oHrik
2.2.11.1 LC-MS/MS 5
FAT I N ARBIE D LC-MS/MS e % LL P It #k L7z,
HPLC Z£ & : Alliance 2695 Separations Module (Waters Corp)
BT E - Quattro-LC-MS/MS system (Micromass UK., Ltd.)
AT 717 2 ¢ Inertsil ODS-3 column
(2.1 x 150 mm, B¢ 5pum, ¥ —x /WP A = AKX E4)
717 MR 40°C
Bl « A% ) — )L/ZRB KITFA = 570/430/0.5 (v/v/v) F£721%
520/480/0.5 (V/v/v)
it : 0.2 mL/min
A A > Abi% : Electro-spray ionization (ESI) — positive ion detection mode
TN — g ViRE 3500
Y — AR 120C
Capillary voltage : 3.5kV
Cone voltage : 20 V
Collision energy : 25 eV
EEBEROE=F) 7 F
FA T 7 b UK, m/z 332—149
R-135766 (NEMEEW'E), m/z 548—206
W E kE e & NEAEEME O m gt 2 Wi/ ZRIE THREMR 2 FR L 72,
FA T 7~ ARDOLLOQIZ0.025 uM T & ¥ | 0.025-500 uM D i P THEE &7~ LTz,
T — X fRHTIZ IZMassLynx version 3.4 software (Waters Corp.) & 72 1ZMasslynx
version 4.0 SP4 software (Waters Corp.) & W 72,
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2.2.11.2 VxAZ Ty T 4Tk

DA 7V HRE
ffifi A > 7 L : PVDF
7y T 4 7 E - Transblot (Bio-Rad Laboratories, Inc.)
Tuy T 4 VEEBIOKM 15V, 40 5

@7 v vxr THEIE
TuyX Ny 7y —T=ER, 1A o F 2 X— |
THRyX TNy Ty —
0.05% Tween20 & 2% AF LI V7 EH F U AFEE R

@A T LB
0.05% Tween 20 & A kU XK (TTBS) TIT-> 7,

@— WRPUL S -
AT Lyl —RPRZERT1RERA v F2X— |
—WHUAE : hRKIP A Y 7 v F— A 4i{k% TTBS T 400 {57 R L CTfEH
Y F P hCE2 £ / 7 v F— /LK% TTBS T 5000 577 L THEH]

® “IRPUIR G
— PR SRE TH#H, A7 L& TTBS T (R T, 30 01 > %
aN—h) L, A7 L ré ZREZERT1R#A X =2X—F
CIRGUE
ECL anti-rabbit IgG-HRP-linked antibody Z TTBS T 5000 {77 R L C{E
(hRKIP )
ECL anti-rabbit IgG-HRP-linked antibody 2 TTBS C 20000 {5 775 L T 1 F
(hCE2 H)

O L3I L DB
TWRPURRISRE TR, A7 L% TTBS THEE (RIE T, 30 91 > %
2aX— k) L, A7 L e bRt E (Lumigen TMA-6, Western
blotting kits) Z =i F TS5 oA v FaX— 3L,
W) A A=Y T F T A% — (LAS-4000UVmini; Fujifilm Co., Ltd) T/t
FHRNWE &R LT,
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2.2.11.3 VxAZ Ty T 4 T2

hRKIP % X7 Exigtk o v N/l S9 > 71 (10 uL) 12 5% ANF 7k
=X ) —)vEET Laemmli 7Ny Ty —% 2 FEIRML, 100CFT 5
S NBLEE U 7=, INEVLERTE O FRE 10 ul % 5%-20% SDS-PAGE [Z&fif L.
TERUKE) (140V, 80 min) %, PVDF A > 7 L NI H VRV EHERG Lz, D
#%. PVDF A 7 7 % 10% Aqua block & A TBS-T i (20 mM Tris-HCI (pH
7.4), 150 mM NaCl, and 0.1% Tween 20) F CT=IE T, 1 KA > F = X— s L7,
Pt hRKIP Hifk (5000 f5 7)) F 72134t B-7 7 F o Hik (5000 A R) 2 H v
T, —RPUERIC Z AT 272, ZRPUASISIZ1E ECL anti-mouse 1gG-HRP-linked
antibody (50,000 {5 ) ZHW\Wiz, ZIRPUEKIGHK T#%., A7 L% TBS-T
Wi e (BRI T304 > F 22— 3 ) L, ECL Plus % 7= (% ECL Advance
VAR Tay T4y HRtF®y NERHWTHMZ VN7 B E{b PRk St
NightOWL A A — > 7 v A7 AT (Berthold Technologies GmbH, BadWildbad,
Germany) THH L7z,

2.2.11.4 ERY x AZ 7y MENTE

Ve REZ Ty T 407 %, REFHAREB IO MG S
D4 WS (hRKIP, hCE2) DLW E R (AU) 2V /A A=V TF 74
#— (LAS-4000UVmini; Fujifilm Co., Ltd) THiH L. Multi Gauge version 3.0
software (Fujifilm Corp.) Z#fiH L C AU fEZFHHE L=, BN/ AU & 4%
recombinant & (ZXf LT my b L, /b ZRIETHREMR 2R L 72, hRKIP
¥ J OhCE2 Z L &l E M O & f i IT 224 12.5 ng/10 uL 7 & 100 ng/10
uL 35 1 T8 10 ng/10 uL 75 100 ng/10 uL & L7,
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2.2.12 T — ZfRM Tk
R A R FE - (V, pmol/min/pg protein) 1% Ft ROICHE»> THEH L7,

V (pmol/min/pg protein)
A AR 1 B (nmol/mL)* 1000
= O
1 or 0.25 (pg protein/mL)xA > & = ~X— 3 7 [ [t](min)

Recombinant hRKIPIZ X 5 F 47 7 bk KAk ITEadie-Hofstee 7' &2 v b (X

W VARERE, Y@ V) THRIETH DL Z LAURES A0, WinNonlin
Professional ® pharmacodynamic compiled model (model no.101, version4.0.1;
Pharsight) Z i L TI A= U Z2-2 7 VEH (K, uM) & Fe KBS (Vigax,
pmol/min/pg protein) 5 L7z, T4 7 7 § KA RIZ %} 9 5 recombinant hCE2
DK X RV paxlLEadie-Hofstee 7’ 7 v MZEBWTHRELR O Hivd ., EERHE
XRT 4 7 A R Liciz, @ % L 72 WinNonlin nonlinear estimation
program|Z KV BH L7, SIFEERE (WM) | KUFREREEREZ =T,

Vmax

(1 + (Kw/S) + (S/K1))

vt MIGSOFICBIT DT AT 7 b ARAERRIZ B 53 A hRKIP & hCE2D %7 528
TG, DIt -> THE L=,

CLint for cach enzyme (Hl/min/ng enzyme concentration)

Vmax X £-enzyme concentration (ng/ug & bk /NMES9) ‘
= M6
Kln

e CLint for each enzyme X 100 )
'ﬁ‘ ’51 %:( (%) = Et@

ZCLint for each enzyme
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PR BRI I T 2 B AF MK IRIEME (%) 1ZE, @1Icit> TR L,

PLhRKIPHLIA L 2 AL Y AL EE & R /NS SOD FR 77 Nk 4y fR IS ME (%)
BNPPEAE . F 72 IEXIEMFLE T O HLhRKIPHL A o % il vy AL PR &
NS9O BBt R TCOF AT 7 b AR RIS (nmol/mg/min)

_ x 100 XG
BNPPIEMFAE T 2 b r— L% FlgGHiR LB & K /NES9
AP TCOFAT 7 b ARAERTIEM (nmol/mg/min)
v ba— L FlgGHUALE v b /INESODFRAE MK 45 i iE M (%)
BNPPHFIE F 2> b — b7 % FIgGHUALEE B F /NS9O
AR TCOFA T 7 b ARAERTEM (nmol/mg/min)
_ x 100 X®

BNPPIEAEIE F =2 b — L 7 FIgGHUIRLE & /NG
SO B TOFAF 7 b MARAERKIEYE (nmol/mg/min)
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23 KR
2.3.1 & B IOV /NG OINIK G R )

PGB ERES R —F 89 370V —2BLIORY A P YALEERLTTS
AT VIV S REZ O REE RN LR, 7T 27 L oK fRE M
PILNBY A N VIV Sy The b @72 » 7= (Figure 6)

400

350
300
250
200
150 |
100 |

Prasugrel hydrolysis activity [ug/mL]

50

0
Homogenate S9 Microsome  Cytosol

Figure 6 Localization of prasugrel hydrolase in monkey small intestine.
Comparison of hydrolysis activity of respective fraction. The small intestine subcellular

fractions were incubated with 6 mM prasugrel for 15 minutes at 37°C.

WIZ, & bAE SO EV NGB A RV ESFALABL, ST AT LD
K FRIEEZ D NVRF LT AT T —BHER TH 5 BNPP 17/E F. FEFMET
THeFR L7= (Figure 7) . & MBSO D NVAIB T, 2 2D 77 X7 LIV
KORIEVE Y — 7 DR STz, mAIO B — 7 3B L% 60 kDa fiIZi® o 6
AU, BNPP f£1E F CHUKGFIEMEIZIR T Lz, —FH., O —213BEB L% 20
kDa {1 IZ78 8 54V BNPP /77E N CHIK MG TEIZIZ & A EIR T L7220 7o,
KFERN ORI DOE—271L CES2 (WA RFI LT AT T —F 2) EEEA L.
BOE— 71X CES2 {&MEZ A SR WK iR LW L7, £, Y/
A bV iTe M SO LIRIERBEORERE R LI ED, TTAT LV
K53 e 38 ORE T VNG A Y v E Tz,
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140
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Figure 7 Chromatography of human small intestinal S9 and monkey small
intestinal cytosolic fraction on Superdex 75 gel filtration column.

We applied 200 pLL of human small intestine S9 fraction (A) or monkey small intestine
cytosolic fraction (B) to a Superdex 75 gel filtration column. Each fraction was incubated with
6 mM prasugrel for 60 minutes at 37°C in the presence or absence of BNPP. The positions of

the native molecular weight markers are indicated at the top.
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232 7T AT LIVINK G iR O R R

LN A Y V% HiPrep Heparin 7 7 MZE ML, 77 A7 LIVINKSy
iRl R OF5%8L% LU7- (Figure 8) ., Figure SAIZ/R L7V, 77 A7 L LD
K7 EB%E SR 1T Heparin 7 7 AFEREA M EFEAR D 2 # 4 T HA{FIE LT,

FL M CE2 TR ZMHH LIy =X Z 70y T 0 7 OFEE ) 5 Heparin
7T LAEGATLN CES2 FEEIEMEZ A L CH Y, Heparin 1 7 AFEFEA AL CES2
MERIEMEEZ A SR WRANMAK G REFR Th o7, ARFHRENO T T A7 L)L
N 53 3% P 23 /& 7> - 7= HiPrep Heparin 7 7 AW 7 7 7 2 > No.5-10 &
T L, RAKIEEER ORI DR Z LT,

A: HiPrep Heparin chromatography

Flow-through fraction Bound fraction
3007 . [ 80
>~‘ L )
S 250 !
>
3 |
< L ~
@ 200 7y
23 £
S L
=% 150 é\
> = >
= = | ‘{‘:
@ 100 =
5 E
2 — 8
S 50
&
0 N T O 0 O &N T © ® SO A ¥ © 0 O
N T o 2 —_ = = = A & A A AN N "N o en o on o oon <
B R R DR R R PR RR KRR
R e T 2o LYo U o S N S <o o S = N o B o B S
A R e T B S S I N o B I B B s Bt N s B o
e T e R e [ = [ = e (SR SR — (S [
= =~ &) =~ =~ = B~ =~ S ~ S 1
B: Western blotting
© o O © S o © o O
<+ © o S a X =2 = N ﬁ § [S RN N on § n o <
S N I I B A R e I B B
— — N N >~ O —~ o0 W > AN — 0 v > D
nEm £ OE K £ F E £ £ £ £ £ £ £ £ £ £ £ £ &
F = o )
- - anti-CES2

Figure 8 Chromatography of monkey small intestinal cytosol fraction on HiPrep
Heparin column and Western blotting of each elution.

Heparin fractions were assayed for prasugrel hydrolysis activity.

Each fraction was incubated with 6 mM prasugrel at 37°C for 60 minutes. (A) Hydrolysis
activity was found in fractions flow through (1-12) and bound (19-28). (B) Each fraction was

analyzed by immunoblotting with the indicated antibodies. IN, input.
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HiPrep Heparin 77 7 ARHW 7 Z 7 > a > No.5-10 D7 Z A 7 L VRN
K 5y i i 2245 121X Mono Q 5/50 GL 7 7 2 & mini S PC 3.2/3 7 7 A% -
(Figure 9) . Mono Q 5/50 GL 51 7 A IC K B MK iR, 79
TV DOIMKGIEIEITIRE 7 77 > a v N6-7T IZEWiIEEE2Bd -, /-,

W7 7 7 v a > (No.5-14) |2
TNAT A Y EIEIZ THRBT LTCRER, 21 kDa a2 R IENT T A7 b
VDMK RIEEZ /T 5T XCHOT7 77 v ar THHE &7 (Figure 9A)

I, T AT LIV DIMIKGFRIGEMEDS & 7> > 72 Mono Q 5/50 G 71 7 A ¥EH
W~ 2 7+ a > No.6-7 % mini S PC 3.2/3 17 A THHL L7k R % Figure 9B I
RUTe, T AT VIR IRIEEIFEN 7 7 7 a3 > No. 12 b @& <
Flamingo @7 VAT A YL EAEIC LV i S 723 RiE 21 kDa fFiric 1

DOThHoT-,
A
2 mono Q
Z 1000
e
= 800
v
>
723_1 600
< 2 400
,J:: JI——
B 200
en
2 0
E 56 7 8 9 10 111213 14
IN56 7 8 9 10 11 12 13 14
(kDa)
75- [
50- - ™
37‘ : _____
25- oo
- e ————
il QP —
15_ ——
10-

400

Prasugrel hydrolysis activity
[ng/mL]
—_ N (O8]
(=3 (=3 S
(==} (==} (=]

(kDa)

75- }

50-
37-

25-

15-
10-

Figure 9 Purification of prasugrel hydrolase.

SEND X NI E S &% Flamingo H#%

mini S

(=]

IN 9 10 11 12 13 14 15
IN 9 10 11 12 13 14 15
- —— <4 RKIP

(A) Prasugrel activity on the mono Q column. Mono Q fractions were incubated with 6 mM prasugrel
for 60 minutes at 37°C. Data were expressed as mean +SD of three experiments. Hydrolase
activity was found in fractions 6—14. The mono Q fractions were also resolved by 5%—20% SDS-
PAGE, and the gel was stained with Flamingo and scanned by molecular imager FX. The band of
21 kDa (indicated by arrows) was associated with the activity.

(B) The mini S active fractions were resolved by SDSPAGE, and the gel was stained with Flamingo.
Mini S fractions were incubated with 6 mM prasugrel for 60 minutes at 37°C. Data were expressed
as mean +SD of three experiments
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233 T T AT VIVHBUNKG fERER 2 N7 B D LC-MS/MS #£12 & 2 FE
LC-MS/MS & Mascot Server ZfEH L T, Mini SPC3.2/3 1 7 A g7 7 7 &
2 > (No.12) THiH &7z 21 kDa @ % /87 ' % [A i€ L 7=, Figure 10 |Z 21 kDa
XN TEDOT X R & fi# L7, GenBank accession DT — X X — A fj 3R
MHART I BESIEY VO RKIP & FE S L, £ OMEPEIX 96% Th - 7,
DFY | CES2IEMZAH SR WT T AT LVOINKYfREESFIL RKIP Th - 7=,

1 MPVDLSKWSG PLSLQEVDEQ PQHPLHVTYA GAALDELGKV LTPTQVKNRP
51 TSISWDGLDS GKLYTLVLTD PDAPSRKDPK YREWHHFLVV NMKGNDISSG
101 TVLSDYVGSG PPKGTGLHRY VWLVYEQARP LKCDEPILSN RSGDHRGKFK
151 VASFRKKYEL GAPVAGACYQ AEWDDYVPKL YEQLSGK

Figure 10 Identified amino acid sequence as prasugrel hydrolase using monkey
small intestinal cytosolic fraction.

The active fractions from mini S were subjected to SDSPAGE, and the band of 21 kDa
was subjected to LC-MS/MS analysis. The peptides found to be identical to monkey
RKIP are shown in bold (GenBank accession no. P48737). The identical peptides

covered 96% of RKIP amino acid sequence.
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2.3.4  hRKIP B X OhCE2 AR Z W27 T 27 LIRS RIS IC BT %
BERXRT 4 7 AT A—HEH

FAT I N AR KT D recombinant hRKIPIS X OThCE2DEE R F K7 1 v
7 XT A —H (Km, Vmax) & % H L7z, Figure 1112 Eadie-Hofstee plots & Direct plots
DOFER %7~ L7, Recombinant hRKIPIZ X 5T 4 7 7 b K/ k1T Eadie-Hofstee
plotsiCEB W T, MIERRBDO LN D, I AT Y X - 2T UEFT IV TKauy Vinax
R M L7, — . recombinant hCE2IZ KX 5 F 4 7 7 U {KA kI Eadie-Hofstee
plotsiZB W T, MEBRRO LN T, HWEHMHEFEF T 1 7 ARMEZ R LTZIZD,
ROZMEM L Ty VmaxZHH L7z,

£ 18000 hRKIP(A) 14000 hRKIP (B)
- g
215000 P 12000
S 2 ~ 10000
%‘;1“12000 09 © i
== 2 & 8000
‘*5% 9000 | ° S g
% é 8 '_g 6000
g~ 6000 ¢ i £ S 4000
=t 8 .
§ 3000 - ) 5 2000 = Predicted
R E & O Observed
0 1 | 0 1 1 1 J
0 100 200 300 0 200 400 600 800
V/[S] (uL/min/pg protein) Substrate concentration (umol/L)
hCE2 (A
40000 (A) 40000 - hCE2 (B)
g g
& ) &
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£ 30000 @ @ £ 30000
S o 2%
.g Ei ° [ ] .%’S g-
£ 'E 20000 F = E 20000
53 5
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SRS =
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Figure 11 Kinetic analysis of the thiolactone produced from prasugrel using

recombinant hRKIP and hCE2 by Eadie-Hofstee plots (A) and direct plots (B).
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FA T 7 N MARAERIZ %Y D recombinant hARKIP D Koy, Vi 1XZ 402 4149.9 +
7.96 uM, 14,100 + 647 pmol/min/pg protein CT& Y | recombinant hCE2D K., Viax
X2 L Z4149.8 £ 2.54 uM., 54,800 + 1510 pmol/min/pg protein T & - 7= (Table 4) ,

Table 4 Enzymatic Kinetic parameters of the thiolactone metabolite produced
from prasugrel using recombinant hRKIP and hCE2

Enzymatic kinetic parameters were expressed as mean+SE of parameter estimate.

N.D. is expressed as no data. The formation of thiolactone metabolite from prasugrel in the
recombinant hCE2 indicated a non-straight line in the Eadie-Hofstee plot, suggesting the
involvement of the substrate inhibition kinetic properties. Therefore, the data were fitted to
Equation 2 to calculate the K,, and V., values. K,;, (uM) is the Michaelis-Menten constant,
Vinax (pmol/min/pg protein) is the maximal reaction rate and Ki is the inhibition constant for
the substrate. K, and V,,, for the recombinant hRKIP were calculated by using WinNonlin

professional based on a pharmacodynamic compiled model (model No.101).

Kn Vmax Vinax/Km Ki
(uM) (pmol/min/ug protein)  (uL/min/pg protein)
hRKIP  49.9 + 7.96 14,100 + 647 283 N.D.
hCE2 49.8 +£2.54 54,800 £ 1510 1101 1380 + 498
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235 B NMESOHTOT T AT LIVIIKS ffBESE T 5%

b M S9 TTHOT T AT LK REESR  (hRKIP, hCE2) OREHH 5
RKERMT 5720, & F/AVE S9 1 hRKIP 38 X N hCE2 BEEZ EE Y = A
Z 7y NETHEN LT, Figure 12 IZMEIKBI/ING SO # Wi = A% T
0T 4T ORRER L2, Lane 1-5 (2 & H recombinant, Lane 6-9 [Z 1
RBI/INIG SO (n=4) DESXIKEN N — > %k L7-, Figure 12 (A)® recombinant
hRKIP X FLAG # 7 W T 572, 21 kDa £V 43 &N K E WAL EIZ N
RO B, & MG S9 OERVKE) L — 2 Tld 21 kDa £ (1Z hRKIP /N K
N ST,

% 7. Figure 12 (B) ClZ recombinant hCE2 & &~/ S9 Pk# L — o THiH &
Nl Bk, 2R CALE (60 kDa f4i) Th -7,

(A) (B)

kDa
(kD2) GFP 12345 67 89 (kDa) 12345 67 89
80 »

60 »

—— 75 » - - <« hCE2

40 » 50 P

30 »

—— <<4FLAG-RKIP s

20 » . <4pRKIP

15 »

10 » 0 »

Figure 12 Expression of hRKIP and hCE2 in human small intestinal S9 by
Western blot analysis.

(A) Expression of hRKIP in human small intestinal S9. Lanes 1, 2, 3, 4, and 5 are recombinant
hRKIP at the concentrations of 12.5, 25, 50, 75, and 100 ng/10 ml, respectively. Lane 6, 7, 8,
and 9 are individual human small intestinal S9.

(B) Expression of hCE2 in human small intestinal S9. Lanes 1, 2, 3, 4, and 5 are recombinant
hCE2 at the concentrations of 10, 25, 50, 75, and 100 ng/10 ml, respectively. Lanes 6, 7, 8,

and 9 are individual human small intestinal S9.
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EmT AKX 7 ay NMETHN Lzt NSO OhRKIPE X O*hCE2% 8L
X, TN FENT.48 ng/ug S9 ~ 15.6 ng/pg S9F K 1U2.24 ng/ug S9 ~ 7.91 ng/ug
S9T&H -7 (Table5) . TNOHLFBBEEBRT R4 7 ANRT A—F2MEHL T,
7T AT L IVIK G R IC B 54 S hRKIPE L OhCE2D it & 5- R AR H Lz,
hRKIPF L TNhCE2 DA %7 - 1T 41 € 4142.9% + 9.82%35 KL T57.1% + 9.82%
ThoTz,

Table 5 Estimation of the contribution ratio of hRKIP and hCE2 involved in the
formation of the thiolactone metabolite from prasugrel in human small intestinal
S9 by the enzymatic kinetic parameters

The contents of hRKIP and hCE2 in individual human small intestinal S9 (n = 4) were
determined using recombinant hRKIP and PNGase F-treated hCE2 by Western blotting
method. The contribution ratio of hRKIP and hCE2 involved in the hydrolysis reaction of
prasugrel in human small intestinal S9 was estimated by using the obtained contents data and
enzyme kinetic parameters.

Vinax/Km: pL/min/pg protein, Enzyme contents: ng/human small intestinal S9 pg

CLint: pL/min/pug enzyme contents

Individual Contribution ratio (%)
Enzyme
Vmax/Kin human small CLint
contents Individual mean SD
intestinal S9

HIS-063-S3 14.9 4217 52.7
HIS-067-S3 12.8 3622 29.4
hRKIP 283 42.9 9.82
HIS-084-S3 15.6 4415 43.4
HIS-111-S3 7.48 2117 46.2
HIS-063-S3 3.44 3787 47.3
HIS-067-S3 7.91 8709 70.6
hCE2 1101 57.1 9.82
HIS-084-S3 5.24 5769 56.6
HIS-111-8S3 2.24 2466 53.8
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23.6 t NNESOFTOF AT b ARARLE

PUhRKIP HLi&k % FIV T hRKIP % 37 B & fhig S &, & Dk, BNPP % ]
LT AT 7 b ARAERBE FRER 21T > 7o #5 5 % Figure 13 1278 L 72, $it hRKIP
PRIz W B R/ S9 > hRKIP & &K F L7= (Figure 13A) . $T hRKIP
KT hRKIP BB S5 2 L2k, B RSO D75 27 LU
IR fRIEPE X H 34% 1K F L7~ (Figure 13B, Table 6) , £ 7. hRKIP ¥ > /X7 &
BRI S NG SO T AT LOVINK Gy fiEiEE L BNPP f£7E F T,
5K 48% MK ™ L 7= (Figure 13B, Table 6)

(B)

120 « =BNPP ()
BNPP (+)

LhL

— — 0
|7; S — anti-hRKIP ctrl hRKIP ctrl hRKIP

Fanti-ﬁ—actin HIS-063-S3  HIS-111-S3

Figure 13 Immunodepletion of hRKIP from human small intestine S9 fraction.

100
80 |
60 |
40 |
20 |

(A)

HIS-063-S3 HIS-111-S3

The remaining hydrolysis
activity (%)

(A) Immunoblot analysis of the human small intestine S9 fractions depleted of hRKIP. The
anti-hRKIP antibodies or nonspecific rabbit IgGs were used to immunodeplete the hRKIP. The
hRKIP-depleted S9 fraction was subjected to SDS-PAGE, followed by immunoblotting
analysis with the indicated antibodies. B-actin was used as an internal control.

(B) The relative prasugrel hydrolysis activity of the hRKIP-depleted S9 fraction. The depleted
S9 fractions were incubated with 40 mM prasugrel for 20 minutes at 37°C in the presence or

absence of 0.1 mM BNPP. The data are mean (n = 2).
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Table 6 Immunodepletion of hRKIP and effect of BNPP
The relative prasugrel hydrolase activity of hRKIP depleted human small intestine S9. The
depleted S9 fractions were incubated with 40 pM prasugrel for 20 min at 37°C in the

presence of or absence of 0.1 mM BNPP.

Production of thiolactone form
Individual Remaining hydrolysis activity (%)
(nmol/mg protein/min)

human small
Anti-hRKIP Anti-hRKIP
intestinal S9 Control Control
treatment treatment

BNPP BNPP BNPP BNPP BNPP BNPP BNPP BNPP
() () () () () (+) () ()
HIS-063-S3 545 334 348 112 100 61.4 63.8 20.6

HIS-111-S3 50.5 18.8 34.2 8.09 100 37.3. 67.9 16.0
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2.4 E5

KRETIIH VNG A NN T TATVIVONERY CH LT AT 7
N RO AERTENYE (77T 27 VOVIK g RIEME) ZHEEE & LT, FraUIK o fig
Wk RIS 2 Z LIS L, KBEEEN RKIP TH L Z L2 LT LT,
T, & bSO FTHOT T AT LIOVINK G fREEIZ B 59 % hCE2 & hRKIP
DEGENRZNZNK 60%F LV 30-40%ThHDHZ L EHLMIZT LT,

7T AT VIOVIETRINOK G RS ORERUE T T 2 7 VOV Gy BEIGPE D P v
NG A RV VES TR bmroTcZ ] . T MG S9 &g A R
VDT IVAEED T T AT VIOVIK G FRTEME S Z — o 3R TR & A LA
CChoTmZ &) oY A/INGH A N AVEFEH L, 77 A7 LVEdnK

4 fif 1% 3% 1% HiPrep Heparin 7 7 &, mono Q 5/50 GL 7 7 2, mini S PC 3.2/3 %
FLEMHLT, 77 AT LIVOIKGIRAREHETE 2 FEE I 3 BefE o L T
LT I 7 ABHICB W T b 77 A7 LIVIIK G fRAREHE TE D & <
Ao, M=V FOBRIKE XY — v E R LB 777 v a vy ZH0TT 2
J Wehi ) % LC-MS/MS TIRIE L 7o R, AR K /37 E 73 21 kDa @ RKIP TH %
ZTEEWLMMILTE, RKIP IR AT 7 FUNTZH ) — LT I UREGH Ry
77XV —ICEBT AN TETHY, A Y IVESITIFEET D Raf ) —
%mﬁﬁyﬂﬂg&bfﬁ<ﬁ%ﬂfwéB6ﬂ38w4m&mmﬁ%@%%
FAEIRREIC B W TR~ R B &2 FFo 2 RV B TH D A[41]. MK AR HHE
WAEAET D LMoL TR, o T, AREFFEIEL RKIP 23 I17K 53 iR HHE
WERFOZEEZYMD THOLNZLEZMETHY | 5% OEIRLHIE~DOERRIZ
DIRMDMIETH %,

WIZ, T T AT VIVIKGREESR O T 5% RS 572, recombinant
hRKIP3S £ 'hCE2% W T, FrecombinantD R ¥ T ¢ 7 AT A —H (K,
Viax) ZHH LTz, T4 T 7 b AR T % recombinant hRKIPFS & UThCE2
DK fEIEZ F0E 4149.9 UM, 49.8 UM, Vnax(FZ 412 4114,100 pmol/min/ug protein,
54,800 pmol/min/ug protein T - 7=, F 7=, hCE2Z K 2 K55 fif 5O 1%
Eadie-Hofstee plots (Figure 11) (23 W\ C, FBEAFEX X 1 7 AN R I LT,
—J5 . hRKIPIZ & % MK 45 fi% /i 1& Eadie-Hofstee plots (Figure 11) 23U THEE

L7722 b, hCE2D L 9 B HEX R 0 7 AR R R 720 2 & R
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e X7, > T, hRKIPIE “BBE SN D/NGH 77 27 LI VR EHEIPH (26.8 uM
-803 uM) 7 THEEMEFELZ T R2WEEZXOND, EREEXRT 4 7 A/NT A
— 2Lt MNESOFT DI NGBEEOZENG B F/ESITH TORRKIPE LW
hCE2D R & G- 2 H M L7 R, £ Z24142.9%B KL V57.1% Th > 72, Wil
K RIEZE DR EGERPIFEALERL L THDEZLITT T AT L ILDES
MIRFEBNFEBNCEHE TH D, RIZ, 109 pMEL ED T T 27 L)L B ThCE2D
KORIEMER PR E SN2 & LT /MG TICHFEET 2hRKIPS 7T 2 7 L LD
KO3 R % flR i3 5 O TLlinvivoll BT 5 F 4T 7 b RO ARKITILE Sk
WEBRETD,

PThRKIP AT hRKIP Z# MBS L 2 L2 LD, B MBSO DT Z
ATV VMK G FRIE M ITK) 34% 4K F L, BNPP f£7E N TIE 7 7 2 7 L VK Sy
FRIEVEDS . FITH) 48% K F L7z, hRKIP O EfBIC L WK F L=T T 27 L
JVINIK 53 15 A3 hRKIP O # % 5. BNPP fF/E F TR F L7277 A7 L
KO MIEMED hCE2 O AF G52 Rr L TWb B2 DL, AR THE LT
hRKIP 35 X " hCE2 DR & G 13RI R4 7 ANT A= H N LEEHE
RLFEFE—H LT, HHINEOZYHENRINTZ,

7T AT VDK IR 58S hCEL (B A AVRF =
27 7—F 1)  hCE2 THH I LITT TITHESINTWDHN, [FAFFIZ, hCE2
KB TFHT T NARERIERIL T T A7 VVIEE 109 uM BLEIZ72 5 KT
THZEBLWMESNTWS[30], — 7., BKEBRICEBWTT 7 27 L)L % 2.5 mg,
10mg, 75mg DHETIRIE LI-BEOF AT 7 b AROIMEFEFEEIIRETH D
B2l I, 2 b DO HEZ 250 mL O K TIRAH L7ZBEROREIXZEZ£126.8, 107,
803 uM & 72 %, In vitro DRERZEZET H & 7T A7 LIVIIK RO B 5
T HWEFZN hCE2 720 T, 47 7 bRl EEN AR 75 mg £ THRIE
ThdI EEBMHATE R, L2, 2O invitro & in vivo O FEffIX hRKIP &
WO K oy R SR DS /NG ICAFAE T 2 2 LIS K VBB AT RE & 7 o 72,

DFEYD ., TTATVIVIINGEFTEDIZE A ED hCE2 O hRKIP (2 X 0 1
KGEENT AT 7 ok~ BRSNS, RIFFEIZE VDT, hRKIP &\ H
BN REE R OFEE RHE -2 2k, 77 A7 LA OEMBEHNELS . A

OMEFRTH D &V D IR EORBEZREMEZH T 5 ETEERRRTH D,
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2.5

/NG

FB2EOMBERNL, ULFTOZENBHLNE o T,

7T AT LIV OMKG RSS2 B HAHEERE S RKIP THDH Z &
ST LTz,

hRKIP ZMBE SN D/NBEH DT T A7 LoV &P ©RELE %2 5% ) 72 )
> 72,

TITRAT VNN TF AT 7 b AMRERICE G T 2K EEEFRITEE LT
hCE2 & hRKIP TH V., & MBSO P TINOMEONF TG RITLNE
LK) 60% 3 LY 30-40% Th o 7=,

b R/NIE S9 HIZ hCE2 BASt DK 53 fif i 5% hRKIP 8FAET D Z &8, 7T
AT VNV DIENEEPES . HOMETH D &9 ERIR oK FRYEAL
HEMATLIERFO 1 >E L TREI N,
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FIE T TRATLILDS- AT AL DFE & € O SLARZERAIR
A s O FEAh
3.1 /NP
ARKETIIT IR VABNEHETEFEIR L, TOMRPHEETH L EKNE
162029 2 BT, A OEMHEARB O RIEER (4 1) 05 BiEkom®
VN PEIR 2 Fl MBI IS AR AR T D IR A S R s © S 0 R B
FThebb, S-AFIALKIGIZIER L, invitro & in vivo O 7> & FFAf L 7=,
Figure 7S IZR T Y 77 A 7 L VIEVERE# W IZ, S HICRB S TS-AF v
R L v AT A VB HR~NEEBRIND, S-ATARE®ITEe FmiEho A
AR THDLZENE VAT A VG ETIT RS S-A FVREH D AR
OGS ZiEHR Lz,

OO O S

CYP2B6 (2-36%)

CYP2C9 (14-19%)
FSRILN T Eitg  TIATUILEL
CYP3A4 (3&70%) I
HOOC/D % SRTAAEH
HyCS
S-AFILLHS

Figure 7S Metabolic pathway of prasugrel

AT L7z X902 77 A7 VLR I E b 2 S AT AR A bz R o,
4 O RMEERIEGY ThH % (Figure 8S) o &0 RMEAK O FHIGVE (in vitro)
I% Figure 9S (2R 31V . RSB, KW T RR K, SS{K, SR KDIIA
(ZEEFRE M IR [42], B M lnBE o 4 FEDE S B IRAFEAE L IT ) D R RS,
RR (APBALICAATEL TWAH T O[43]. KIRKZH N T HZ ENT T AT L
NWORMBEHNMEHETOHETHLERNZHAT L ETHETHLH, T I T,
FEH IS O REOETH D S- A FWACBIUSIZER L TR 21T 2 72,
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Invitro T S-A FIALBISICBE G 5 BFEZFE LT, £/, S- A F Lkl
RONRBREIZONTIEZ, Fy b AX b MFIZ7RrY =20 THRE
L7z, Invivo TIE 7 v P B LA XITTEENGEW R 5% D S- A F R 2 Fi
B R O BB 2 FEAG L 72

4-position of 1'-position of
Compounds A
o piperidyl group benzyl group
S5-form S S
Hooc/ﬁ//\)“ * | SR-form s R
4
HS—= . RR-form R R
4 * R RS-form R s

Figure 8S Structures of four stereoisomers of the pharmacologically active
metabolites of prasugrel.

(Hasegawa et al. Thromb Haemost 2005; 94: 593-598 7~ 5| I L, —#ekZL)

The first letter indicates the configuration at the 4-position of piperidyl group and the second

for that at the 1’-position of benzyl group. *Denotes chiral center.

Anti-platelet ageregation activity

80 | (n=6)
g | &
= 60 —O— SS-form
=
)
= —@- SR-form
5 40|
% -1 RR-form
2:1) 20 | - RS-form
ok

0// 0. 1 10 100 (Mean =S.E.M)

Concentration (uM)

Figure 9S  Effects of four stereoisomers of he pharmacologically active
metabolites of prasugrel, SS-, SR-, RR-, and RS-form, on platelet aggregation
induced by 10 pM ADP.

(Hasegawa et al. Thromb Haemost 2005; 94: 593-598 2> 5 5[ L, — k%)

In vitro platelet aggregation induced by ADP was measured using washed human platelets in

the presence or absence of each sterco-isomer. Results are expressed as the mean = S.E.M
(n=6).
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32 EBRMEIB L UL
3.2.1  #HBWEEB LUK

7T AT VVIEEREY . S- A FARE . R-135766, R-121721 (S- A F /LR
R O FHK B AT T B ER =4 (Ube, Japan) THK IV, 77 A7
LOVIEPERGHT Y O AT Y 22 AR IA(RS, RR, SR, SSH) 1155 — = kK&t (Tokyo,
Japan) THEK I T,

S- A F ARG OHPLCHEIE TN EIE Y E & L THEM L 72 a-naphthoflavone,
S-(5’-adenosyl)-L-methionine chloride (SAM) . glucose-6-phosphate dehydrogenase
from baker’s yeast (G-6-PDH) | D-glucose 6-phosphate disodium salt hydrate (G-6-P) .
B-nicotinamide adenine dinucleotide phosphate sodium salt (NADP) . L-glutathione
reduced (GSH) XY (£) -2,3-dichloro-alpha-methylbenzylamine hydrochloride

(DCMB) [ZSigma-Aldrich (St. Louis, MO) >SN L, F 4 — VIR AL RS
T & % 3’-methoxyphenacyl bromide (MPBr) . m-anisic acidl B 5k ik LMK S
ft (Tokyo, Japan) »"HHEA L7z, £ O ORI, Hilk DRk, —#k. HPLC
Mob O E Wi,

322 EWEErgnle

77—V Rt hFI 27 oY —2A (20 mgprotein/mL) . 7 —/LV R T v ~ G&
% : Sprague-Dawley (SD) ) JFI 7 vV —ABIXOT— v REEMA X GRHE :
E—27) 178 Y—A1FBD N1 A A 24 (Woburn, MA) 725 A
L. S-AF LREEER R ERBRICEHN L2 — L Fe MFIZ7r Y —24 (10
donors) & 7' — /L Kt RFH A K Vb (10 donors) 1347 EFEE FITEEE N HAB
i 7e4%A% (Tokyo, Japan) X W EEA L 7=,

323 EREIHY
HEYESD 7 v b (n=4) X AAF v —/L &+ U _N— &4 (Yokohama, Japan)
D 8EMTIEA Lz, MY —Z VK (n=4) [TAREETLERXSEND
6 » HiIn CHEA L7Z, £ TOBYWERITE - — NS HERE M MHEEHE IS
- T FE g L7z,
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324 b FMFI v Y —LBLOY A R AP TOT T A7 LILIEERGY
D S-A F ALK IG
FH—N-S-AFN KT AT =T —F (TMT) 12X 57T A7 L ATEMENH
WD S-AFNALKIGIE 7T —/V Fe MNFI Z7m Y —2L%& M H L TR LT,
1 mM EDTA £0.5% Triton X-100% 532100 mM U > B0 U 7 AFEE K (pHT.9)

)

27—V REe MIFI 7 a Y — A (FIEEE: 2 mg protein/mL) & SAM (KIEE: 0.5
mM) Z Iz, 396 uLO KSR ZFHE L, 37°C T TSo A v F 2 X— L7tk

4uLD 7T AT L UTEEAGH Y DMSOWE IR (FRIREE: 50 uM) ZiRMM L, 37CF

TS5, 10, 20, 30B X455 A v F =2 _X— bk Lz, ARISHKRSOuLIc 7 & b=

U /1100 pL & a-naphthoflavone 7 & b = K~ U JLIE K (5 pg/mL) %50 uLisA0 L.

oL BfE (20,800 X g, 3 min, 4°C) . EE2 uLZ UPLC-UV/r#rds@E iz iE A L,

S-A F ORI IE %2 W E L7z, UPLC-UVHTSM1E3.2.9. 1ICFEH# L 7=,

FHTIVAFNENT AT 2T —F8 (TPMT) (2K D7 T AT LILTEHER
WD S-AFNVACEISIL T —/ R MFY A F Y V2 L THRE L7,

400 mM U e U U ARRER (pH6.2) 12—V Re MY A~ VL (K
J£:2.25 mg protein/mL) & SAM (&R E: 0.5 mM) Z I Z. 297 uLd ik % 7
L, 37CTHFTSHMA v FaX— g, 3uLD 7 7 27 L LIEERE P DMSO
Taik GREIREE: 50 uM) Z IR L., 37°C FCS5, 10, 20, 303 L4555 A > F =
NX— KL, TO%OY U T NAAEIITMTR SRR & R O#IEL Lz,
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325 b MFIZuY—LBLOY A NI AP TOT T A7 LIVIEERGY
D S- A F AV B

TMT [LEH ToH % DCMB & TPMT FLEAITH 5 m-7 = AR &E W T S-AF
IALBOSBRFRBR 2 L7,

t hFI 70y =2 TOTT AT LIVERREY S- A F ARG E T
TREGMCHF L7z, 1 mM EDTA & 0.5% Triton X-100 % & de 100 mM U i
VU AR (pHT7.9) 7 — 2V FEe FHFIZ7 e Y —2A (KREE: 2 mg
protein/mL) . SAM (#&JEJ£: 0.5 mM) & DCMB (FEE: 5. 50, 500 uM) %
Mz, 396 uL O ZFHE L, 37C TF TS oA vFaX—hk, 4uL O
Z A7 L VIEMEAE Y DMSO i (REIREE: 50 uM) Z iR L, 37C KT 45 %>
A > F=2—hKL7,

vt MY A SR TOT T AT L VIERREWS- A F AL KSRE L T i
SHECTHRFI L, 400mM U RS U U ARRER (pH6.2) 12—V R b N
A~ Vv (KJRJEE: 2.25 mg protein/mL) . SAM (#J2J£: 0.5 mM) & DCMB (#
B 5. 50, 500 uM) F-iEm-7 = A (KEE: 0.1, 1, 10mM) Zx,
297 uLO R Z B L, 37C FC5aMA v FaX— g, 3uLo 77 A7 L
JAGPEE I DMSOWR IR GRRIBEE: 50 uM) Z 3L, 37°C F T3040 A > F =
N— bk L, TOHROY T VABIX32 410 L AR O BEE LT,

32.6 T T7ATLIVIEWEY O 4 B RAEKRD S- 2 F AL OIS FEAM

1 mM EDTA & 0.5% Triton X-100 Z&Ze 100 mM U U0 U U SRR EIK

(pH7TDIZEFE (T v A X MNIFI 78 Y —AFKIRE: 2 mg protein/mL) |
NADPH-generating system (B-NADP (2.5 mM), G-6-P (22.5 mM), G-6-PDH (2
units/mL), MgCl, (10 mM)) 3 X ' SAM (KEIRE: 0.5 mM) =z, 37CF TS5
DA FaX— & T T AT LOVIEEAEY O 4 TG R (RS, RR, SR,
SS &) DMSO &K % T N Z I HEIRE 100 uM T L, 37°C F T 5, 15, 30,
60, 90 BL 120 A v FaX—hLTz, ZOHOY T IVAET 3.2.4 1]
LRIROEAEE LT,
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327 7T AT VIVIEEREY IR D S- A FAACRISIZ I T D B

FRT 4 U AT A—H DR

1 mM EDTA & 0.5% Triton X-100 Z &2 100 mM U R U 0 LREE K
(pH7. ) IZEFE (T v beA X& MFI 7 v Y —24 (KEE: 2 mg protein/mL) |
NADPH-generating system, 7 /L% F 4> (FKEE: 5mM) B L O SAM (i
0.5mM) ZMZ, 2475 L DINEZHFE L, 37CF TS oA v FaX— |
%, HOSRIZT T A7 U OIEMHEREY L 2R (SR K, SS /&) DMSO #
WaEZTNEN25uL WML G : 0.5, 1, 2, 5. 10, 50, 100, 200 3 L
400 uM) | 37CF T30 A »rFaX— kL7, RIS 50 pLIZT & k=
%Jﬂ/womdk2uMR13ﬂ&Y7ﬁf»—b)/wﬁﬁégmpLﬂwuL 1% O 4y Bt
(20,800 X g, 3 min, 4°C) #. Li5 5 uL % LC-MS/MS Zp#Hris@E I (ZiE AL,
LC-MS/MS Single column {% T S- 2 F /L ¥R FE 2 & L 72, LC-MS/MS 53 #7
% 3.2.92 Ici# L7,

328 T IZATUVIEMREMEGHDO T v A XMEEF S- A F ARG IR
FEHERS
TITATVATEEREDE T v b A JITEIRN A 5% O i S- 2 F R
W OSTAERENEAR (RSHRR £, SR+SS &) Z#HIE L7z,

3.2.8.1 &G 6 NG T ik

7T AT VOVIEERGE Y & AR KICEME L, 1 mg/mL O 5K 2GR L
2o 7wk (n=4) . A X (n=4) ITT T AT L IAEMENRE D& 5K &R T T
1 mg/kg D& THIRNEEG Uiz, ~ Y DALBEL S Y o O % H DT 572 0.033,
0.083, 0.25. 0.5, 1B oMk (0.4 mL) ZHE L7,

3.2.8.2 MAEH 7 LR L
%mf\m&b1m¢@5mean7t%%%)w1@%ﬁML

10 43 ISR E LTz, € D%, ik sk 4 3.0 43 B (21,600 X g, 3 min, 4C) L.
4% %2 157,
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MAEESO LIz 7 & = F UL /e (100/1, v/iv) THME LIZR-121721 K
(IS, 100 ng/mL) & 100 uL & 7 & b=k UL /[ (100/1, v/v) 50 pLEZEH0L |
RA%., =00 HE (20,800 Xg, 3min, 4°C) L7z, Ei#2 uL%& LC-MS/MS/y T4 &
IZ{EAN L, LC-MS/MS Single columnikt & ESI-LC-MS/MS Double-Columnif TS- A
FNARH P IRE & S- A FNAREH ONLAREMER (RSHRRIE, SR+SSIR) bR %

HE LT,

329 oHriE
3.2.9.1 UPLC-UV {EIZ & 5 40 #7
S- A FARHI E B D UPLC-UV &M% LU FICR# L7,
UPLC# & : Acquity Ultra Performance system (H K 7 4 — & — X & 4h)
Sy 2 0 ACQITY UPLC BEH Cg column
(2.1 x 50 mm, K. 7£81.7 pym, H AR T 4 — & — AEX S )

717 LRE :40°C
BEIFE A : 7R K/TFA = 1000/0.05 (v/v/v)
BEIMH B : 7k =k UL/ K/TFA = 400/600/0.02 (v/v/v)
BEMH A BEHEMALLES TV Mobr

7T Moo

Time (min) BEH A B EtH B
0 90% 10%
10 45% 55%
14 0% 100%
19 90% 10%

Jieid ;0.5 mL/min
it © PDA i H
IR 0 220 nm: S- A FLGE . 280 nm: a-naphthoflavone

W E XTG4 & N YEM E O fE &2 H W T e/ Z3RIE TREMR A ERL L 72,
S-AF A O LLOQ I L T ULOQ IZZE N Z4 1 uM, 500 uM Th o 72,
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3.2.9.2 LC-MS/MS {EIZ X 2 43 #r

LC-MS/MS Single column 752 LK % S-A F VR (invitro) TR Z LT
(ZRC# LTz,

HPLC Z£ & : Alliance 2695 Separations Module (Waters Corp)
B &M1& - Quattro-LC-MS/MS system (Micromass UK., Ltd.)
AT 717 A ¢ Inertsil ODS-3 column
(2.1 x 150 mm, B £ 5pum, ¥ —=x /WP A = AKX ES4)

717 MR 40°C
BaEhtH : 2 & 7 — V/ZE B /K/ITFA = 520/480/0.5 (v/v/V)
it 1 0.2 mL/min
A A > {bik : Electro-spray ionization (ESI) — positive ion detection mode
TN — g ViRE 350
Y — 2R 0 120°C
Capillary voltage : 3.5kV
Cone voltage : 20 V
Collision energy : 25 eV
EREROE=2Y 7 A F
S- A FNAGH, m/z 364 — m/z 206
R-135766 (NEEEDE), m/z 548 — m/z 206

HIE RS & NEREEM E o m a2 W 72 i/ “RIETHRER 2B L 72,

S- A F AP OLLOQIX0.02 uMTH V. 0.025-50 uM D FH THRIE 2 o~k L 7=,
7 — X BT 12 X Masslynx version 4.0 SP4 software (Waters Corp.) % f\ 7=,
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LC-MS/MS Single column (2 K 5 S-A FAAREY (in vivo) WS E LT
(ZRCE L7z,

UPLC #: & : LC-20A UFLC system (#k =+ 5 HE 8 AEPT)

B BN EE © APIS000 (Biosystems/MDS SCIEX)
ST 717 2 ¢ L-column ODS
(2.1 x 150 mm, B8 5 pm, — MM EIE AL T2 E REAGAT FEHE RS )
717 LR 40°C
BB A @ ZRBEK/EHE =990/10 (viv), BEIMEB: 7k =k U L
BEM A BEHEMALLES TV Mobr

75 N

Time (min) BEH A B EtH B
0 50% 50%
2 25% 75%
6 25% 75%
6.1 50% 50%

JitiE : 0.25 mL/min

A A > Abi% : Electro-spray ionization (ESI) — positive ion detection mode
Curtain gas and set value: N, 30 (psi)

Collision gas and set value: Ny, 5 (arbitrary unit)
Ionspray voltage: 5500 (V)

Ion source temperature: 650 (°C)

Ion source gas 1 and set value: Air, 60 (psi)

Ion source gas 2 and set value: Air, 60 (psi)
Interface heater: On
EBROE=Z Y T AF

S-A F VR, m/z 364 — m/z 149

R-121721 (NI AR HEYE), m/z 371 — m/z 153

HIE RIS & NEIREM B O m R 2 AV 72 i/ ZRIETHRER 2 ER L 72,

S-A F AR OLLOQIX0.02 uM T & Y | 2.5-500 ng/mLO & THIE 278 LTz,
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LC-MS/MS Double column J£IZ & 5 S-A F/LRE O TR EA%E K (RSHRR 4,
SR+SS 1K) RS2 LA FICREHE L7,
UPLC 2% : Acquity Ultra Performance system
(AARD —4 — XX &tt)
7By AT E © APIS000 (Biosystems/MDS SCIEX)

\m%

HrA A2 2@ : ACQITY UPLC BEH Cig column
(2.1 x 100 mm, R £ 1.7 um, HA D 3 — % — X 1h)
ST A1 Z 5@ : Chiralcel OJ-RH column
(2.0 x 150 mm, ki 285 um; RS2 1 &)
717 AR 40°C
BEhM . 7' b= U V/ZEEKAM BT v E =7 A/TFA =
275/715/10/0.5 (v/v/v/v)

&

J i : 0.25 mL/min

A A > {bit : Electro-spray ionization (ESI) — positive ion detection mode
Curtain gas and set value: Ny, 30 (psi)

Collision gas and set value: Ny, 5 (arbitrary unit)
Ionspray voltage: 5500 (V)

Ion source temperature: 650 (°C)

Ion source gas 1 and set value: Air, 60 (psi)

Ion source gas 2 and set value: Air, 60 (psi)
Interface heater: On
EBEROE=4V I F

S- A F VAW, m/z 364 — m/z 149

R-121721 (NEEEEME), m/z 371 — m/z 153

T — A fEHTIZ 1T Analyst 1.4.1 % 7= (% Analyst 1.4.2 (Biosystems/MDS SCIEX) %
7=,
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3.2.10 7 — Z N 71k

S- A F VR A B IE M (V, pmol/min/mg protein) . V/S (pL/mim/mg protein)
BELOMER (%) FTLEAO~OIH->THHL, DNEUREIT —HTHRLL
72

V (pmol/min/mg protein)
A= R AR I FE (nmol/mL) x 1000

= KO
Matrix % > 73 7 B I £ (mg protein/mL)x A > F = X — ¥/ = K[ (min)

SRR A S (pmol/min/mg protein)
V/S (uL/mim/mg protein) = E2ME)
WMEERE (M)

(FLEAHEFET OV — HEAFETOV) <100
FER (%) = E2ME)
PLEAIEFE T OV

S-AFNARBMAERKRKICBITIEI DY Z- AT UEK (Kn, pM) - & B KIS
HE (Vmax, pmol/min/mg protein) (X Eadie-Hofstee”’ & v MMZEBWTHRETH D =
L R L7-1% . WinNonlin Professional ®pharmacodynamic compiled model

(model no.101, version4.0.1; Pharsight) Z i L CHEH L 7=,

BHEATIE P ICFB T D5S- A FAACRISDORTEA 27 U 7 7 X (CLin,
ml/min/kg) (ZFRXD, ®IZE->THEH L, e, v b+ A4 X - b MNFlEH D
FFIrumay—an%o 785 & (mg/gliver) 134 %44.8, 77.95 L 1'48.8 mg/g
liver& L, 7v F A4 X+t FOFERE (g/kg) 14 %10g/0.25kg, 320 g/10 kg
35 L T81800 ¢/70 kg & L 7-[44, 45],

Vimax (pmol/min/mg protein)
CLint, in virro (LL/min/mg protein) = K@
K (MM)
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CLjnt (mL/min/kg)

CLint, inviro X JFI 7 81 Y — A G & (mg/g liver )XJHFEH & (g/kg) ‘
= N6
1000

7 v FBIOA XMHER S-AFAREY OLARRMEALR (RSHRR K, SR+SS
1K) FELEBLOREIZIROB LIt > TR L,

S- A FIOLREMY D STARFEPER (RSHRR K F 7-1% SR+SS () f#7EH (%)
ISIZ%FT 54 S- 2 F LY (RSHRRIK F 721X SR+SSIA) v — 7 mfgtt x 100

- A©®
ISICxET 5S- A F AALHEY (RSHRRIE + SR+SSIE) v°— 7 mifE Lt
S-A F A OB LAREMEAR (RSHRR K F 72 1% SR+SS &) #EE (ng/mL)
S-A F AR FE (ng/mL) x S- A F AR O & SR BIERIFEL (%) <0
= I

100
S-A FIVREY DA SR FRMER DKM BEFE ST A — 4 (t15. Cmax, AUCo.p.

AUCq.int) ¥ WinNonlin Professional (version 4.0.1; Pharsight Corporation) % {# H
LC/varv =k Ay hETAMIICE R LT,
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3.3 ifii R
33.1 T AT UAEERB O S- A FNACKISICBE 5T 5 R
33,1 E MFX 7Y=L B A NI AFTOT T AT L EEREHY
D S-A F NALKS
ERIFI 7Y —2BLIOY A RIATOT T ZT L)L S-AF AR EWE
RIS PE 2t U7z (Figure 14) o B NI 7 0y — A O S- A F ARG A4 Rk
e MIFY A R YL EHEEL TR S @ o T,

80 r
=
5
S o~
g £ 60
s 2
()
°2a
> =
g5
2383 40 }t
s 28
Ga>
S o
5 =
Q
s &
e 20
~

0

microsome cytosol

Figure 14 S-methylation of the pharmacologically active metabolite of prasugrel
in human liver microsomes and cytosol.

The human liver microsomes or cytosol was incubated with 0.5 mM SAM and 50 mM of the
pharmacologically active metabolite of prasugrel at 37°C for 30 minutes or 45 minutes.

Data are expressed as mean £ S.D. of three experiments.
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3312 e MiFX 7 v Y —LBLOY A RV APTOT T A7 LIVIEERGY

D S-A F ARG B E

ERFIZ 0y —LBLOY A RYAPTTITRT L S-AF AW
FEMEIZ %35 DCMB (TMT FREA]) & m-7 = X[ (TPMT FREA]) O R%
it L7 (Figure 15) .

EMFIZ7 8 Y=L TS-AF R AERBEMEIX S uM DCMB RAINIZ LY
FLZE S, DCMB IR 50, 500 uM T O AT eI lLE s hiz,
t MFH A bV vH T S- A F R A RIS 1 X DCMB RN FE 5,50, 500 uM
TRABICHFEINZN, m-7 =28 (0.1, 1, 10 mM) TiX, 1ZLALFHES
nWipinoiz,
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Figure 15 Inhibitory effects of DCMB and m-anisic acid on S-methylation of the
pharmacologically active metabolite of prasugrel in human liver microsomes and
cytosol.

(A) S-methyl metabolite formation activity from the pharmacologically active metabolite with
or without DCMB in pooled human liver microsomes.

(B) S-methyl metabolite formation activity from the pharmacologically active metabolite with
or without DCMB and m-anisic acid in pooled human liver cytosol.

Data are expressed as mean = S.D. of three experiments.
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332 TMT (FA—/v S-AF N T U A7 =T —8 )DL EIRAAEHTEME &
P S8 1 Ml 2

7T ATV ERREY 4 FEDOL RS (RR, RS, SR, SSK) #HWT, 7
yheAX B MFI 7Y=L FDTT AT L)L S-AF LY A RTE M A
tb#g L7= (Figure 16)

Ty he AR B bMTRTOFI T Y —LH T, S-AFVREY O LT
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Figure 16 S-methylation of the single enantiomers of the pharmacologically
active metabolite of prasugrel in rat, dog, and human liver microsomes.

The rat, dog, and human liver microsomes were incubated with 0.5 mM SAM and 100 mM the
single enantiomer of the pharmacologically active metabolites of prasugrel at 37°C for 30

minutes. Data are expressed as the mean of duplicate experiments.
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SHIZ, T AT VIEERE LRI (SRR, SSHIK) 7n 6 S-AF v
R#W AR T D BFEIFI 7 1 Y — 250 Ky (M) | Vinax (pmol/min/mg protein)
AEEMH L. S-AF AL 7 UV 7 T A (CLin, pL/min/kg) % 45 T 8 4 Tl o
T L7 (Table 7) . 77 A7 LATEMEAGE SS RD S- A F L b7 U
77 AL T v b b A XDIRIZE L LI 40.41,17.28,11.62 pL/min/kg
Thole, 7T AT LVEMERHY SR KD S-AF bR 27 V7 7 A dE
RIZZ v b B M A XDIEICELS, £HLH 3761, 17.71, 2.47 uL/min/kg T
H o,

Table 7 Apparent enzyme Kkinetic parameters and estimated CL;,: values in
S-methylation of SS- and SR-forms of the pharmacologically active metabolite of
prasugrel

Each assay was performed by using rat, dog and human liver microsomes.

CLint in virro and CLj, values were scaled to eqs. 4 and 5.

Data were expressed as mean of duplicate experiments.

Kn: uM, Vmax: pmol/min/mg protein, CLiy i, vino: LL/min/mg protein, CL;,: mL/min/kg

B.W.

SS-form of the pharmacologically active  SR-form of the pharmacologically active

metabolite metabolite

I<m Vmax CLint in vitro CLint Km Vmax CLint in vitro CLint

Rat 32.58  734.80 22.55 40.41 79.34 1665.74 20.99 37.61

Dog 155.24  722.79 4.66 11.62  208.04  205.30 0.99 2.47

Human 26.29  362.01 13.77 17.28 17.26 243.50 14.11 17.71
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333 TFIATUAEMEREMEGHOT v b A XMEEF S- A F AR O
BEES o 7 7 AL

7T AT LIVIEEREY Z 1 mgkg TT v FEB XA XITFRARN & 5-1% O i
B S- A F U O K NLAR B R (RSHRR A, SR+SS 1K) I FEEHERS %2 Figure
2412, HYEHRE X T A —HF % Table 9 IZ/R L7z, S-AFILRHH D RS /KL RR
KBLOSRIKE SSHED 7 v~ N7 T A ETORBER#HELNZ &5 2 L
BYERESDETHE L, £72. TMT ORI AEREELZEZEELTH, 20
2HEOLFRMEAR LS DY THEST 2 Z L ITHBEIT RV &l L,

Ty M AXWTROEMREICENTH, MIEF S- A F LR ST AR FAMAR
JREEIX SRHSS (KD 573 RSH+RR KLV @<, Ty MIBIT D S-AFAREY
SR+SS £ AUCq.int I% RS+RR R D #J 8.5 5 < . A X TIIH 76.6 5@ 0o 7=,
FT2. S-AF AR SRHSS KD AUCoinelZ 7 v NOFNA X LV K) 3 F&E 0

-7,
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Figure 24 Plasma concentrations of the S-methylated metabolite enantiomers
after intravenous administration of the racemic mixture of the pharmacologically
active metabolite of prasugrel to rats and dog at a dose of 1 mg/kg.

A: Rat plasma concentrations of the S-methylated metabolite enantiomers.

B: Dog plasma concentrations of the S-methylated metabolite enantiomers.

RS/RR isomers (@) and SS/SR isomers (o).

Data are expressed as mean + S.D. of four animals.
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Table 9 Pharmacokinetic parameters of S-methylmetabolite enantiomers after

intravenous administration of prasugrel active metabolite to rats and dogs at a

dose of 1 mg/kg

The pharmacokinetic parameters of S-methylmetabolite enantiomers were calculated using

the computer program WinNonlin Professional (ver. 4.0.1, Pharsight Corp.) based on the

non-compartmental model.

Data were expressed as mean = S.D. of four animals.

Pharmacokinetic Rat Dog
parameters RS+RR SS+SR RS+RR SS+SR
isomers isomers isomers isomers
ti2 (h) 0.446 £0.239 0.167 = 0.0964 0.270 £0.112  0.424 £ 0.106
Chnax (ng/mL) 59.7+2.15 614 £ 124 2.40 £ 1.52 156 £21.2
AUC.;, (ng'h/mL)  36.0 + 3.81 351 + 62.6 1.50 + 1.04 103 +21.9
AUC_inr (ng-h/mL) 49.3 + 18.1 421 +£95.4 1.75+1.41 134 £42.6
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3.4 EE

—AIZ L <A BN TWD S- A FILLRFHEESR L TMT & TPMT Td % [46],
TMT (ZHFH A Y VEGIC S DT NICFEET 503, I I 7 v Y — L@
RET 28FETCH D, —Ji. TPMT ZEIZHY A Y VEGICRET HE%E T
%D\EE%%@%%o&ﬁ%émfwémﬂoK%K%mf\&f%wﬁ%
WARIEYEILE NFI 7Y —2F 0B A RV AR IS5 EEmnl, &
7. TMT FLEHITH 5 DCMB IZ L 0 [HEFE I 72h, TPMT BLEHAITH D m-7
SAMRTIHIFE LA EHEEF SN oo, LEDRRENDL, 77 X7 LILIEHER
WD S- A F AT BB SR 2 Fl- 720 TMT IZ Lo Tt s s &%
217,

7T AT VAAEREREY 4 LRI (RR B, RS B, SR K, SS 1K) 7
5D S-AFILREWAERITT T 27 LIVIEMREY 2 FEE2RIEA SR (KB X
O SS KB DHAER L, RR K, RSIKND D S- A FILREARITR O b
mnote, TOX D e MEER SO IRRREZTT v b A X - B FETO
FFI7my—nicddml THZEI N, SOIZARMZERK RS, TMT O R
RIEIRVEIL T T 27 L ATEERE OREIEH SH RO ARRENHEETH D Z
EWNIRENTZ, TMTIE2- AN T M ET VY DT AT F IR A— FR
HERMIEBRETCHL YT I RFrORBMPW O, R YT FL oD S-
AFWACRE BSOS Z 3 580 SEREIRMER H L5 Z Lo TEm b6 T
7247, 48, 49], e T, AWFIEIE TMT OGBS RS ISR RIRER B 5
LD THOLNILEMETHY . SR OEKLEB~DOEBIZ DR D
WHERTH D,

7T AT U EMEREE 1 mgkg TT v bEB XA XITEAIRWN & 51 O ifi.
HER S- A F VAR N AR FEAME R B2 1L SR+SS R D J7 28 RSHRR K L 0 | <, 7
v MZEIT D S-A F LR SR+SS KD AUCq.inr 1T RSHFRR KD 8.5 fiF 15 < .
A X TIEHK 76.6 5o T2, In vitro RBRIZEB W T, 77 27 L IEHEGHY
D S-AF ALK L SRAK, SSIRPBEAIZHEIT T2 2 & 2R L7223, in vivo i
BRICEBWTHRBED Z LN RENTZEBRET D, £o. S- A F R SR+SS
KD AUCint 17 v bDOHTRA XL VK 3IEEmNZ Lidinvitro TIHRONTZT Z

AT L NEMHEREHY O SR IR L NSSIKRD S- A FALREH 7 VT 7 - A (CLjn)
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NAXEHIELTTZ Yy FOEFRENEWVWIFEREZKL TWD EBLET 5,

7T AT L IVIEMEAG Y D 4 TR RAE R O FRBIE ML, RS AR bR <
WUNT RR M, SS &, SR EDNAIZHLIRIEVE TRV (in vitro) . 7T AT L b
RAEGHDT v b A X, & MUETIEERHD 4 O RMERO AR
TEME DB 2 TG BAER RS TEME D8 2 LSRR X0 b EAL IS M T
FELTW5BH[43, 50], Z OHZIE TMT OB AR ICERT S EEZ BN
D, DFEVD . FEHOR 2 FOLERMERIT TMT ICX 2@z & A EZ T2
Wiz TEMEOFH W 2 SRR L el LT mIRE TR A IS AT RIS AF
BT %, REIZEBWNT ITMT ORBISLARERRME] & D BERREE P LT
ZEE, TR UVABNRHETED I L, TORPEERETH L 2
H+ 25 ECEROSH ZMIRRRTH 5,
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3.5 /IFE

BEHmORFRERNS, UTOZ ERHENE T,
7T AT VAR D S- A FIALISICE G 2 BRITBENS ] &
H X2V TMT Th - 7=,
TMT IZ K% S-A FNMALBUSIZIISREIRE N H O | 7T X7 VLG PG
YW orEET SH EROSIRRENEHE TH - 71,
TT AT LIVIEEREY SRIKB L ONSSHRD S- XA F AR 7 V7 7 v R
(CLine) 1A XEHLTT Y bOFREDIo T,
TIAT VAR EIRN I ES DT v b A XMIET S- A F ARG
W) ST AR AR R FE 13 SRHSS R D 578 RS+RR K L 0 @< | 72, S-A F AR
A SR BNEAR PR E SRISSIRIZ T v b DO FRA XL @molo, KiERIT
TMT OREHANAREBIRMEICERKR L TWD &2 BT,
b bR o TR 2 FDOEFEMEAR (RSHRR 1K) DMEALICFET 5 B
Mo 1->& LT, TMT ORI ARRIRVENZ 2 bt

Db, 77727V UNEHETEDBI L, TOMRPEETHLIERD 1
E LT TMT O SLARIBRINEDRZE T 5105,
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A#FFETIE, ETEHE 1 TVICBNTZ B R L LOEKHEBOERZH 5
MWIZTHHEMTZ n B R LAREHAERICEEG T2 CYP FIE L 2D %HGH
IZOWTHILNZ LTz, A7 B RT LA RZLLTF AT R
VIR RRICE 595 CYP 4y -FEAS CYPLA2,2B6,2C19 THH Z L A LT L
oo 78 RZ VIVIEIMAKGBRIGIZED, ZOIEFEAER 7o R LD
VAR B (RIEMEREY) ~REts s, EHFERLIABRICBNT, 20
7 RV HNVE BRI SN 2o/ mE R L7 e R
TVNVFHT T N oRERICEAET 2206 CYP S rEORBFLGERLN
Fh358%, 194%B LN 449%THDH L&z, £/, ZBE R LT
T 77~ AR IR AT 54 % CYP 43 F-HE 2 CYP2B6, 2C9, 2C19
BLW3A4 THLZEZHOLNZL, Zb CYP pFHEOFERITENEN
32.9%, 6.76%, 20.6%33 L 1 39.8% CThHh5H Z & #/r L=, 7 B ¥ K7 L LI Figure
4S (page 14) 2R L72 & 912 2 BRSOk SO Z2 fé i U CIEPERGE ) & AR+
Do Z0 2 EMEOMBLERIC CYP2C19 BDRELSFLHELTWDLZ N7 v E

K7 v oEKREZ S (Figure 3S, pl3) OERD —> L EREIND, FEEE.
CYP2C19 Eix F LM DR FBRIZ I\ T, CYP2C19 PM ¥ TIE MM A4 Al 72
SONC I /MREEEIHAMER ARV & W) HEN STV DH[12], ARFZEIX
[CYP2C19 #EAn 12 & FE2h o BRI 28 8 o0 B M | (2 B4 % Bl R ekl 2 fE 42
T5ETHEHRMIEER CH D, £/, 7o N7 LIVRACEIC TCYP2C19
BIEFEZIUOEE] CHTOEBRRELZLET 2R E Ro72METHY | &
RESG COMEMBICEMRLZMETH D,

WICE2ETIZ, TRV LVOFEDMEMETEBE L, TORRBTE,
Ho, fEETHLIERZHONICT LD, 7T A7 L LOYIRARHTH DN
KGIRFOSIZIER Lz, T72bb, ZEFIIV VNG A NI AT I 271
NOYBREMTHDLT AT 7 N AROAERIEHZIBE L LT, FHHINKSfiE
MrR e PR 2 Z LIC I L, ABEEN RKIP TH D Z L2 LT LT,
AWF5EIE RKIP 28 MK RAEHEE Z RS> Z L 2010 TH O LTEWETH
D, A%OEERMBEBE~OFRMRICORB LML TH D, SHIT, & MG S9

ZRAWERERIZEBWT, /M SO HTHOF T 27 LANKRSE)IGIZE 5T %
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hCE2 & RKIP D HFHGHENZNENHK 60% B L N30-40% ThHdHZ L &R LT,

TIATVIVINET TEDIZE AL ERIAKRSRIENZ LD T4 T 7 bR
B S, E0%k, LSS X0 IEEREY 2 £ %, hCE2 13/h5
7Y —LAPICEICEIAL TWDHIKGHEREE L TEI<HMbNTWD, 77
AT VIV DK G fRBOG I B 59 2 %58 28 hCEL, hCE2 Th 5 Z & 139 TIC#H
BEEINTWDER, FARFICERE ST hCE2 1L DT 4T 7 b AREREEILZ T Z
AT VEE 109 pM UL ETIR F 52 2HELTVWD, ZOREN09 uM)
1£250 mL /KT T A7 LV 10 mg ZRIE L 7ZBEOREITIZIFILET 5, B
RBRIZEBWT, 77 A7 L% 25mg, 10mg, 75mg O HE TRIE L 72D
FHT7 7 NARO MBEFREITHRIE Ch o=, Invitro DFEREZEZBETH LT T
AT VOVIIK G R G B 53 SR 2Y hCE2 720 Tlid, 74 7 7 b iR
FERENHE 7Smg T THRIETHDL Z E2UBHTE2RY, L., 2O invitro
& in vivo D TEMHEIL RKIP & W O K3 fE IS8 23 /MG ICAFAET 2 Z L2 X Vit
AfEE e oTc, DF 0 RFRICE VT, RKIP & WD BiBLNK D R EESR O 17
TEERMEEZERTT AT LAOFEDEENTE, HOMETHD LW IR
R EOEPZEMEAH AT 2 ETHEERKERTH D,

b, Zua b RZL AL ETT AT L LDOEEREY AR BRICIER LEH1
BLBE2EDOKEND, 7T AT L L0 IR LA W Tl K o 15
R AERERICESZH TT, LFICBELL,

T T AT L IVOIEEREMARICEE T 5 CYP oML ZDFLRIZHON
TiX, 9 TIZ Rehmel JLEOHIZ I D HESNTWDH[25], Z7rE RJZTLLET
T AT LIV OTEMAAGHY) AR A i3 5 & (Figure 10S), 7 v E R L)L
IZhCELIC KD  ZDIFLAER T B Y RT LILIVAR R (RIEEREHY)
~ERBEN D51, 7 RT LA B AR CBEERONRBREIZZ 2 e K
TVNVFFT T b REROBEANRERE THDLZ L a2E XD L. hCEL OfF
KEZES 7 v 7V LVOBERBEESOERO —>EE2x N0, —h. 7
7 A Z LU/ H T hCEL, hCE2, RKIP IZ X W KD fEE L, TDIFE AL
PIEENRBD ORI TH DT AT 7 bk~ R#@t&Shd, bbb, 772
VLIV DGE . NEHEAEY ~OREREITFE L WD, EEREY~D

TEHNREN 7o RILLEIDERWEEZOND, £, 77 AT L AENE
86



R ARG FE T CYP2C19 OREF G RIZ 7 n B R 7LV &L T/ha W,
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BLL., TOBPILRENOMHEE CTHEEBEZE N DR VIEY ) THDLIHERD 1
EFEZXD,

o -2
Hydrolysis Oxidation
om* ——) om*\ —) "°°<f’“j/\j*|
me—( s ~ = ST v CYP2B6 (2-36%)  "s™* P

. hC .
FSRYTLIL hCE2 (60%) |FA 77 b2 2C9 (14-19%) 52 5L LiEwiesim

0

RKIP (30-40%) 2C19 (8-11%)
® 1o S 3A4 (38-70%
gBERTLIL ERECREL

COOH EHDER

a0 =
s TMT(:otZML{?k] [ T ]
HOERTULHLRIBIER (nactive) ERMEZ [ BIRORBR S s RS
Hydrolysis (hCE1) EnKE

85 % WEERE
COOCH; coocu3 coocn1

Oxidation OX|dat|on
Cl HS cl

CYP1A2, 2B6, 2C19 9 AaE RS CYP2B6, 2C9,2C19,3A4 #~AE RTLiv
A=1= |~'J'wb (36%, 19%, 45%) FASH bk (33%, 7%, 21%, 40%) EHEREY
(2-oxo clopidogrel) ;

| w#irs |

( NI FE =R
Figure 10S Metabolic pathways of prasugrel and clopidogrel

RZIZ, HIETIET T AT LAVOEGNMEAETHEIE L, T ORRIPHESRE
Th2EKZWHLNICT 5 BB TR T OFREEMRGEYICFEREE (4 ) o9
HIE M O TR AR R 2 FE AN L) =AY IS P ISR T D R A 2 TG R 0 & 4
DODR#PIE. T22DH | S-AFIALRISITHE R L. invitro & in vivo DT ™6
A L 72,

Invitro FAM TIXT T A 7 L IVIEVERGEY D S- A F ALRIE S TMT IZ X - T
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PEIZZENEN R > TRBY, IEENTHV 2 EEMEAKROZ TMT IZX D S-2 F L
RS %% T %,

Invivo FAM TliX., 7 v B XA XTIEMERB D EIRN 5% O S-2 F R
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SR 2 TP HRMERIL TMT IC R 2@ A 1T & A EZ TRz ok 2
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RWEY | Th D & D FKEVENEN AT 5 ETEETH S (Figure 11S)
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L% OEMRMFEOIETE, SHITIE, 7B F7 v 7 DAIBKICEIRTE % L5 2
bd,

88



J2O0E RS LIL
REERIZEE
I BHCYPRIE & #
NEHEERIZEHT S
B

TSRTLILD
S-A FILILERD
BE & T DILIRE
ﬁm&%&mwﬂ
]

TSRTLILD
Hn7K 53 I Bt 1< B
54 5HRE M
B PRKIPDEE

e : 2 e Sfid )
GopdogrelEititmm, | | memksmmncs | (TuTorsimmIcsy
= | | BRRIPO#HE B IR
[ [
e A N
Wi [\ . - SEMED5ELRS,RRIK
o BOEMRE e o
D /NS Y F & Non- T ) b‘ﬁ‘;'jm%?!ﬁ&
responder D F7E ¥ H = mH - ERAETHELGEDD
\ Y, EPS

YO RTLILETSRTLILORE
FEMHeIzEBRTACEICKY, F5R

T UL DEREK L OREBZHBHEDE
HZBHLMI LT,

Figure 118 = / v U ¥ 2 R Puil /MO REHEHAIZ BT 2458 Ga fh)

89



25 SCHK

—_—

Rl S

10.
1.
12.

13.

TRk 26 A E O N A ERE - AT EE

Rk 26 4R (2014) A\ D EhRERTET OFFHERT - RA T BE

TRk 26 4 (2014) EBAREOBN - AT BAE

TEER I D2 W LIRRICBIT 2 A BT A > (2006-2007 4 & [FIAF 72 JE

) [FA Y =AMl BYEOHEEZE (ST EARA) OBRICETLITA4 K7

S

H ST EABMBAMEEIEGRIEOZWNICET 204 K74 > (2012 FFLUFETR)

HWE RFEME TWRREABN S T T a —F U YRR % R
(Ischemic Heart Disease) | 77—~ ¥ A K 7F Z No.20

TEER &I DWW EIRIRICET 2 0 A KT A > (1998-1999 £ i & [m 4 52 BE

) BEREBICBIT A A v —_—v a VIBEOHEIGTA KT A4 (&

AR AN A S A OIS EH ) — A o F =R a v -

Leon MB, Baim DS, Popma JJ, Gordon PC, Cutlip DE, Ho KK, Giambartolomei

A, Diver DJ, Lasorda DM, Williams DO, Pocock SJ, Kuntz RE (1998) A clinical

trial comparing three antithrombotic-drug regimens after coronary-artery stenting.

Stent anticoagulation restenosis study investigators. N Engl J Med. 339:

1665-1671.

27 B AR B I 1T D FHEIN PCIL O H A K 4 > (2011 42k EThR)

7Ty 7 A®EE 75 mg A CE

ISAEEERBERLENTE FE T %27 (AnswersNews, 2016/05/30)

Brandt JT, Close SL, Iturria SJ, Payne CD, Farid NA, Ernest CS 2nd, Lachno DR,

Salazar D, Winters KJ (2007) Common polymorphisms of CYP2C19 and CYP2C9

affect the pharmacokinetic and pharmacodynamic response to clopidogrel but not

prasugrel. ] Thromb Haemost 5: 2429-2436.

Saito S, Isshiki T, Kimura T, Yokoi H, Nanto S, Takayama M, Kitagawa K,

Nishikawa M, Miyazaki S, Nakamura M (2014) Efficacy and safety of

adjusted-dose prasugrel cmpared with clopidogrel in Japanease patients with acute

coronary syndrome: the PRASFIT-ACS study. Circ J 78: 1684-1692.

90



14.

15.

16.

17.

18.

19.

20.

21.

Isshiki T, Kimura T, Ogawa H, Yokoi H, Nanto S, Takayama M, Kitagawa K,
Nishikawa M, Miyazaki S, Ikeda Y, Nakamura M, Saito S (2014) Prasugrel, a
third-generation P2Y12 receptor antagonist, in patients with coronary artery
disease undergoing elective percutaneous coronary intervention. Circ J 78:
2926-2934.

Farid NA, Kurihara A, Wrighton SA (20110) Metabolism and disposition of the
thienopyridine antiplatelet drugs ticlopidine, clopidogrel, and prasugrel in humans.
J Clin Pharmacol 50: 126-142.

Sugidachi A, Ogawa T, Kurihara A, Hagihara K, Jakubowski JA, Hashimoto M,
Niitsu Y, Asai F (2007) The greater in vivo antiplatelet effects of prasugrel as
compared to clopidogrel reflect more efficient generation of its active metabolite
with similar antiplatelet activity to that of clopidogrel's active metabolite. J
Thromb Haemost 5: 1545-1551.

Yoneda K, Iwamura R, Kishi H, Mizukami Y, Mogami K, Kobayashi S (2004)
Identification of the active metabolite of ticlopidine from rat in vitro metabolites.
Br J Pharmacol 142: 551-557.

Wallentin L, Varenhorst C, James S, Erlinge D, Braun OO, Jakubowski JA,
Sugidachi A, Winters KJ, Siegbahn A (2008) Prasugrel achieves greater and faster
P2Y 12receptor-mediated platelet inhibition than clopidogrel due to more efficient
generation of its active metabolite in aspirin-treated patients with coronary artery
disease. Eur Heart J 29: 21-30.

Kazui M, Nishiya Y, Ishizuka T, Hagihara K, Farid NA, Okazaki O, lkeda T,
Kurihara A (2010) Identification of the human cytochrome P450 enzymes
involved in the two oxidative steps in the bioactivation ofclopidogrel to its
pharmacologically active metabolite. Drug Metab Dispos 38: 92-99.

Takahashi M, Pang H, Kawabata K, Farid NA and Kurihara A (2008) Quantitative
determination of clopidogrel active metabolite in human plasma by LC-MS/MS. ]
Pharm Biomed Anal 48: 1219-1224.

Roland YK, Rostami HA and Tucker GT (2004) Abundance of cytochromes P450

in human liver: A meta-analysis. Br J Clin Pharmacol 57: 687-688.
91



22.

23.

24.

25.

26.

27.

28.

29.

Savi P, Combalbert J, Gaich C, Rouchon MC, Maffrand JP, Berger Y and Herbert
JM (1994) The antiaggregating activity of clopidogrel is due to a metabolic
activation by the hepatic cytochrome P450-1A. Thromb Haemost 72: 313-317.
Dansette PM, Libraire , Bertho G, MansuyD (2009) Metabolic oxidative cleavage
of thioesters evidence for the formation of sulfenic acid intermediates in the
bioactivation of the antithrombotiv prodrugs ticlopidine and clopidogrel. Chem
Res Toxicol 22: 369-373.

Pereillo JM, Maftouh M, Andrieu A, Uzabiaga MF, Fedeli O, Savi P, Pascal M,
Herbert JM, Maffrand JP and Picard C (2002) Structure and stereochemistry of
the active metabolite of clopidogrel. Drug Metab Dispos 30: 1288-1295.

Rehmel JL, Eckstein JA, Farid NA, Heim JB, Kasper SC, Kurihara A, Wrighton
SA and Ring BJ (2006) Interactions of two major metabolites of prasugrel, a
thienopyridine antiplatelet agent, with the cytochromes P450. Drug Metab Dispos
34: 600-607

Hulot JS, Bura A, Villard E, Azizi M, Remones V, Goyenvalle C, Aiach M,
Lechat P and Gaussem P (2006) Cytochrome P450 2CI19 loss-of-function
polymorphism is a major determinant of clopidogrel responsiveness in healthy
subjects. Blood 108: 2244-2247.

Mega JL, Close SL, Wiviott SD, Shen L, Hockett RD, Brandt JT, Walker JR,
Antman EM, Macias W, Braunwald E and Sabatine MS (2009) Cytochrome P-450
polymorphism and response to clopidogrel. N Engl J Med 360: 354-362.

Simon T, Verstuyft C, Krause MM, Quteineh L, Drouet E, Méneveau N, Steg PG,
Ferriére J, Danchin N, and Becquemont L (2009) Genetic Determinants of
Response to Clopidogrel and Cardiovascular Events. N Engl J Med 360:
363-375.

Umemura K and Iwaki T (2016) The Pharmacokinetics and Pharmacodynamics of
Prasugrel and Clopidogrel in Healthy Japanese Volunteers. Clin Pharmacol Drug
Dev 0: 1-8.

92



30.

31.

32.

33.

34.

35.

36.

37.

Williams ET, Jones KO, Ponsler GD, Lowery SM, Perkins EJ, Wrighton SA,
Ruterbories KJ, Kazui M, Farid NA (2008) The biotransformation of prasugrel, a
new thienopyridine prodrug, by the human carboxylesterases 1 and 2. Drug Metab
Dispos. 36: 1227-1232.

Guidance for Industry Drug Interaction Studies — Study Desigh, Data Analysis,
Implications for Dosing, and Labeling Recommendations 2012 FDA DRAFT
GUIDANCE

Asai F, Jakubowski JA, Naganuma H, Brandt JT, Matsushima N, Hirota T,
Freestone S, Winters KJ (2006) Platelet inhibitory activity and pharmacokinetics
of prasugrel (CS-747) a novel thienopyridine P2Y 12 inhibitor: a single ascending
dose study in healthy humans. Platelets. 17: 209-217.

Kazui M, Ogura Y, Hagihara K, Kubota K, Kurihara A (2016) Human Intestinal
Raf Kinase Inhibitor Protein (RKIP) Catalyzes Prasugrel as a Bioactivation
Hydrolase. Drug Metab Dispos 44: 115-123.

Ishizuka T, Yoshigae Y, Murayama N, Izumi T. (2013) Different hydrolases
involved in bioactivation of prodrug-type angiotensin receptor blockers:
carboxymethylenebutenolidase and carboxylesterase 1. Drug Metab Dispos 41:
1888-1895.

Kubota K, Inaba S, Nakano R, Watanabe M, Sakurai H, Fukushima Y, Ichikawa K,
Takahashi T, [zumi T, Shinagawa A (2015) Identification of activating enzymes
of a novel FBPase inhibitor prodrug, CS-917. Pharmacology Research &
Perspectives 2015;3: e00138.

Bazzi, M. D.; Youakim, M. a; Nelsestuen, G. L (1992) Importance of
phosphatidylethanolamine for association of protein kinase C and other
cytoplasmic proteins with membranes. Biochemistry. 31: 1125—-1134.

Yeung K, Janosch P, McFerran B, Rose DW, Mischak H, Sedivy JM, Kolch W
(2000) Mechanism of suppression of the Raf/MEK/extracellular signal-regulated
kinase pathway by the raf kinase inhibitor protein. Mol Cell Biol 20: 3079-3085.

93



38.

39.

40.

41.

42.

43.

44,

45.

46.

Yeung KC, Rose DW, Dhillon AS, Yaros D, Gustafsson M, Chatterjee D,
McFerran B, Wyche J, Kolch W, Sedivy JM (2001) Raf kinase inhibitor protein
interacts with NF-kappaB-inducing kinase and TAKI1 and inhibits NF-kappaB
activation. Mol Cell Biol 21: 7207-7217.

Corbit, K. C.; Trakul, N.; Eves, E. M.; Diaz, B.; Marshall, M.; Rosner, M. R.
(2003) Activation of Raf-1 signaling by protein kinase C through a mechanism
involving Raf kinase inhibitory protein. J. Biol. Chem. 278: 13061-13068.
Lorenz K, Lohse MJ, Quitterer U (2003) Protein kinase C switches the Raf kinase
inhibitor from Raf-1 to GRK-2. Nature. 426: 574-579.

Al-Mulla F, Bitar MS, Taqi Z, Yeung KC (2013) RKIP: much more than Raf
kinase inhibitory protein. J Cell Physiol. 228: 1688-1702.

Hasegawa M, Sugidachi A, Ogawa T, Jakubowski JA and Asai F (2005)
Stereoselective inhibition of human platelet aggregation by R-138727, the active
metabolite of CS-747 (Prasugrel, LY640315), a novel P2Y;, receptor inhibitor.
Thromb Haemost 94: 593-598.

Wickremsinhe ER, Tian Y, Ruterbories KJ, Verburg EM, Weerakkody GJ,
Kurihara A and Farid NA. (2007) Stereoselective metabolism of prasugrel in
human using a novel chiral liquid chromatography-tandem mass spectrometry
method. Drug Metab Dispos 35: 917-921.

Davies Brain and Morris Tim (1993) Physiological parameters in laboratory
animals and humans. Pharma Research 10: 1093-1095.

Iwatsubo T, Suzuki H and Sugiyama Y (1997) Prediction of species differences
(rats, dogs, humans) in the in vivo metabolic clearance of TM796 by the liver
from in vitro data. J Pharmacol Exp Ther 283: 462-469.

Glauser TA, Kerremans AL, Weinshilboum RM (1992) Human hepatic
microsomal thiol methyltransferase. Assay conditions, biochemical properties,

and correlation studies. Drug Metab Dispos 20: 247-255.

94



47.

48.

49.

50.

51.

Glauser TA, Nelson AN, Zembower DE, Lipsky JJ. Weinshilboum RM (1993)
Diethyldithiocarbamate S-methylation: Evidence for catalysis by human liver
thiol methyltransferase and thiopurine methyltransferase. J Pharmacol Exp Ther
266: 23-32.

Lee DH and Kim DH (1999) S-methylation of 2-mercaptopyrazine in rat liver
microsomes and cytosol. Xenobiotica 29: 909-916

Obach RS, Prakash C, Kamel AM (2012) Reduction and methylation of
ziprasidone by glutathione, aldehyde oxidase, and thiol S-methyltransferase in
humans: an in vitro study. Xenobiotica 42: 1049-1057.

Kazui M, Hagihara K, Farid NA, Kurihara A (2008) Stereoselectivity of thiol
s-methyl transferase responsible for the methylation of the active metabolite of
prasugrel, in ISSX Online Abstracts of 15™ North American Regional ISSX
Meeting; 2008 October 12-16; San Diego, CA.

http://issx.confex.com/issx/15na/webprogram/Paper10992.html

Hagihara K, Kazui M, Kurihara A, Yoshiike M, Honda K, Okazaki O, Farid NA,
Ikeda T (2009) A possible mechanism for the differences in efficiency and
variability of active metabolite formation from thienopyridine antiplatelet agents,

prasugrel and clopidogrel. Drug Metab Dispos 37: 2145-2152.

95



+

A H 6

AREENLER ST FRE O R & fa S & el ERE S v, B BERL R 2382 F JE B # HY
SNi=boTh D,

1.

Kazui M, Nishiya Y, Ishizuka T, Hagihara K, Farid NA, Okazaki O, lkeda T,
Kurihara A (2010) Identification of the human cytochrome P450 enzymes
involved in the two oxidative steps in the bioactivation ofclopidogrel to its

pharmacologically active metabolite. Drug Metab Dispos 38: 92-99.

Kazui M, Ogura Y, Hagihara K, Kubota K, Kurihara A (2016) Human Intestinal
Raf Kinase Inhibitor Protein (RKIP) Catalyzes Prasugrel as a Bioactivation

Hydrolase. Drug Metab Dispos 44: 115-123.

Kazui M, Hagihara K, Izumi T, Ikeda T, Kurihara A (2014) Hepatic
microsomal thiol methyltransferase is involved in stereoselective methylation of
pharmacologically active metabolite of prasugrel. Drug Metab Dispos 42:
1138-1145.

96



EiNGa

KRR L OERIAZ 720 | KIGZRE 72 245 72 b ONCHEifE 2 5 0 £ L
TR EB R TIPS FUERERICEERIHFEEZRLET, £72, £L<
DHEWR TS CHIEELZ B £ Ll A R P IEH B sz,
b E -, b WIAEER. IUT BLEBER . SN KB b N B
IRIFZE 3 o 2 —  BEH ZFEIE L (RO ER R P FMEER) 200D
AL L B E T,

RIFFENTLEE — RS I BRI TITbNLe b DO TH D | RO
KEHZTFEWE Lz 2SRy e seir itk Mhm  #usis
TICEEATEHP L L ET, £, KIS, MxEEEE LaFE - =4t
A I BB IET ATATR R S LR CICBTE DR 16
HITESHALEH L BT £,

RFFEEHEDHICHT-0, HEHEES OS2 EE £ L2E — =4
RSB BT B EELICLLVEEHN T LET, F0. AR
ICEWTEZL OFEREMER LB N2 W& E L ERZBD LT
5% < DI 2T HEH W LET,

97




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


