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ACS (acute coronary syndromes)

AUC0-1 h 1

AUC0-inf

BNPP Bis p-nitrophenyl phosphate

hCE2 2

CLint

Cmax

CYP Cytochrome P450

DCMB (±) - 2,3-dichloro-alpha-methylbenzylamine hydrochloride

DMA N, N-

DMSO

EDTA

HPLC

IS

Km

LC-MS/MS -

LLOQ

MPBr 3’-methoxyphenacyl bromide

-NADP -nicotinamide adenine dinucleotide phosphate sodium salt

PCI (percutaneous coronary intervention)

RKIP Raf kinase inhibitor protein

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

t1/2

TFA

TMT -S-

TPMT

ULOQ
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UPLC

Vmax
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[1]

26

2 [2] 10

Figure 1S [1]

Figure 1S 22 26

26

6 7 7

7 ICD-10 7 1
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[3, 4]

ACS

ACS

[5] Figure 2S [6]

Figure 2S

ACS

PCI

PCI

[7] PCI

[7]

20 [8] PCI
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2

[9]

1981

200-600 mg/day

1997 2006

300 mg/day 75 mg/day

[10]

[11] ACS

”non-responders ”

”variable response” [12] 2009

2014

20 mg/day 3.75 mg/day

[13, 14]

P2Y12 [15] In vitro

[16, 17] in vivo

[13, 14, 15]

non-responder [12]

30

2 [18]

in vitro in vivo
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Table 1S in vitro [16, 17]

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

in Japan. *

IC50

1.8 M 2.4 M 30 M

/ 20 mg/3.75 mg 300 mg/75 mg 200-600 mg*

non-responder

CYP

4

2 S-

in vitro in vivo In vitro

S-

in vivo

S- 2
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CYP

1.1

non-responder

20% non-responder

[12] Brandt JT 300 mg 74

60 mg 71 4

non-responder Figure 3S [12]

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

Clopidogrel
(n=74)

Prasugrel
(n=71)

In
hi

bi
tio

n 
of
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la

te
le

t a
gg

re
ga

tio
n 

(%
)
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Figure 4S

2

CYP

Figure 4S Biotransformation pathway of clopidogrel leading to its pharmacologically 

active metabolite via clopidogrel thiolactone form.
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1.2

1.2.1

2-oxo clopidogrel

R-135766 Figure 4S Figure 5S [19]

Ube, Japan R-135766

LC-MS/MS

Butyl p-hydroxybenzoate Tokyo, Japan

HPLC

Furafylline omeprazole (S)-N-3-benzylnirvanol sulfaphenazole

ketoconazole glutathione -NADP D-glucose 6-phosphate Sigma-Aldrich

St. Louis, MO Glucose-6-phosphate dehydrogenase

Tokyo, Japan

3’-methoxyphenacyl bromide MPBr Tokyo, Japan

HPLC

Figure 5S Structure of R-135766
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1.2.2

CYP1A2 CYP3A4 CYP2B6 CYP2C19 BD

Woburn, MA CYP2C9

Yokohama, Japan

10 HAB

Tokyo, Japan CYP1A1 CYP1A2 CYP2A6 CYP2B6 CYP2C8 CYP2C9

CYP2C19 CYP2D6 CYP2E1 CYP3A4 CYP4A11

CYP BD

Woburn, MA

1.2.3 CYP

NADPH-generating system -NADP (2.5 mM), G-6-P (25 mM), G-6-PDH (2 

units/mL), MgCl2 (10 mM) CYP1A1 CYP1A2 CYP2B6 CYP2C8 CYP2C19

CYP2D6 CYP2E1 CYP3A4 3 mg protein/mL

50 mM, pH7.4, total volume: 196 L CYP2A6

CYP2C9 CYP4A11 3 mg protein/mL

50 mM, pH7.4, total volume: 196 L 37 5

4 DMA 500 37 30

3

20,800 g, 3 min, 4 25 HPLC
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1.2.4 CYP

NADPH-generating system 1 mM CYP1A1 CYP1A2

CYP2B6 CYP2C8 CYP2C19 CYP2D6 CYP2E1 CYP3A4

2 mg protein/mL 50 mM, pH7.4, total 

volume: 195 L CYP2A6 CYP2C9 CYP4A11

2 mg protein/mL 50 mM, pH7.4, total volume: 195

L 37 5 5

DMA 200 37 90

3 20 Butyl 

p-hydroxybenzoate

20,800 g, 3 min, 4 20 HPLC

1.2.5

NADPH-generating system CYP1A2 CYP2B6 CYP2C19

20 pmol CYP/0.2 mg protein/mL 100 mM, 

pH7.4, total volume: 294 37 5

37 1

-135766 20,800 g, 3 min, 

4 LC-MS/MS

1.2.10
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1.2.6

NADPH-generating system 5 mM CYP2B6

CYP2C19 CYP3A4 20 pmol CYP/0.3 mg protein/mL

100 mM, pH7.4, total volume: 294 CYP2C9

20 pmol CYP/0.3 mg protein/mL

100 mM, pH7.5, total volume: 300 L 37 5 6

0.625, 1.25, 2.5, 5, 

37 15 30

500 mM 3’-methoxyphenacyl bromide

MPBr -135766

MPBr

10 20,800 g, 3 min, 4

LC-MS/MS

[20] 1.2.10

1.2.7

Km

NADPH-generating system

0.5 mg protein/mL 100 

mM, pH7.4, total volume: 198 37 5

1.25, 2.5, 5, 10, 20, 40, 80, 160

37 5 1.2.5

Km WinNonlin nonlinear estimation program version 4.0.1; 

Pharsight, Mountain View, CA 1.2.10
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CYP

20 mg protein/mL CYP1A2

CYP2B6 CYP2C19 20

25 mM 

pH7.5

100 mM (pH7.4) NADPH-generating

system 37 5

37 5

Km

LC-MS/MS

CYP1A2 furafylline CYP2C19

(S)-N-3-benzylnirvanol omeprazole

0.5 mg protein/ mL

(S)-N-3-benzylnirvanol omeprazole

100 

mM, pH7.4, total volume: 225 37 5

NADPH-generating system 37 5

furafylline 0.5 

mg protein/ mL furafylline 100 

37 25

37

5 NADPH-generating system

37 5 Km

LC-MS/MS
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1.2.8

Km NADPH-generating system 5 mM

0.5 mg protein/mL

37 5

1.25, 2.5, 

37 15

500 mM MPBr

-135766

1.2.6

Km

1.2.10

CYP

20 mg protein/mL CYP2B6

CYP2C19 CYP3A4 20

25 mM 

pH7.5

20 mg protein/mL CYP2C9

10

11 100 mM

pH7.4 5 mM

NADPH-generating system 37 5

3 37 15

Km

LC-MS/MS
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CYP2C9 sulfaphenazole CYP2C19

(S)-N-3-benzylnirvanol omeprazole CYP3A4 ketoconazole

0.5 mg protein/ mL 5 mM

sulfaphenazole (S)-N-3-benzylnirvanol omeprazole

ketoconazole

3 100 mM, pH7.4, 

37 5

NADPH-generating system 37 15

Km LC-MS/MS
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1.2.9

1.2.9.1 HPLC

CYP

HPLC LC-VP system

YMC Pack ODS-A302 column 

4.6 × 150 mm, 

40

/ / TFA = 35/65/0.02 

(v/v/v)

/ /TFA = 38/62/0.02 (v/v/v)

1 mL/min

220 nm

LLOQ ULOQ

LLOQ ULOQ

LLOQ

4 24
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1.2.9.2 LC-MS/MS

Takahashi

(2008) - LC-MS/MS

[20]

HPLC Alliance 2695 Separations Module Waters Corp

Quattro-LC-MS/MS system Micromass UK., Ltd.

Inertsil ODS-3 column 

2.1 × 150 mm, 

40

/ /TFA = 710/290/0.5 (v/v/v)

0.2 mL/min

Electro-spray ionization ESI – positive ion detection mode

350

120

Capillary voltage 3.5kV

Cone voltage 20 V

Collision energy 25 eV

, m/z 

, m/z 

R-135766 ( ), m/z 

LLOQ MassLynx version 

3.4 software Waters Corp. Masslynx version 4.0 SP4 software Waters Corp.
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1.2.10

3 mean±SD

CYP

V

V (pmol/pmol CYP/min) =
(nmol/mL)×1000

20 (pmol CYP/mL)× (min)

- Km Vmax, pmol/pmol CYP/min

Eadie-Hofstee WinNonlin 

Professional pharmacodynamic compiled model model no.101 version4.0.1; 

Pharsight Km Vmax parameter estimate mean±S.E.

CLint Vmax Km

CYP

CLint, expressed CYP

CYP pmol CYP/mg protein Rowland Yeo 2004 [21]

CLint, expressed CYP

=
Vmax × CYP (pmol CYP/mg protein)

Km

CYP fmCYP, %

fmCYP (%) =
CYP CLint, expressed CYP × 100

int, expressed CYP
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V

V (pmol/mg protein/min) =
(nmol/mL)×1000

0.5 (mg protein/mL)× (min)

Km Vmax Eadie-Hofstee

WinNonlin nonlinear estimation program

V =
Vmax1

+
Vmax2

Km1 Km2

S Km1 Vmax1 Km, Vmax Km2 Vmax2

Km, Vmax Km, Vmax 3 mean±SD

CYP CYP %

(%)

=
CYP CYP

CYP CYP

(%) = 100 - (%)
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1.3

1.3.1 CYP

CYP Figure 1

CYP1A2, CYP2B6 CYP2C19

CYP1A2, CYP2B6 CYP2C19

1.92±0.19 0.666±0.060 1.17±0.03 

pmole/min/pmol CYP CYP CYP1A1 CYP2A6 CYP2C8

CYP2C9 CYP2D6 CYP2E1 CYP3A4 CYP4A11

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.

0 0.5 1 1.5 2 2.5 3

4A11

3A4

2E1

2D6

2C19

2C9

2C8

2B6

2A6

1A2

1A1

Clopidogrel thiolactone form formation activity
( pmol/min/pmol CYP ) 

N.D. 

N.D. 

N.D. 
N.D. 

N.D. 
N.D. 
N.D. 
N.D. 

H
um
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 C

Y
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is
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or
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1.3.2 CYP

CYP Figure 2

CYP2B6 CYP2C9 CYP2C19

CYP3A4 CYP2B6 CYP2C9

CYP2C19 CYP3A4

0.176±0.011 0.472±0.011 1.03±0.04 0.419±0.013 pmole/min/pmol CYP

CYP CYP1A1 CYP1A2 CYP2A6 CYP2C8 CYP2D6

CYP2E1 CYP4A11

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 -lymphoblastoid cells expressing 

human CYP. Data were expressed as mean ± S.D. of three experiments. N.D., not determined.

0.0 0.5 1.0 1.5
Active metabolite formation activity

( pmol/min/pmol CYP )

N.D. 

N.D. 

N.D. 
N.D. 
N.D. 

N.D. 

N.D. 

H
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Y
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1.3.3

CYP

CYP CYP1A2 CYP2B6 CYP3A4

Km Vmax Table 1

CYP pmol CYP/mg protein

CYP CLint, 

expressed CYP CYP fmpCYP, %

Table 1 Table 1

CYP CYP1A2 CYP2B6 CYP2C19

35.8%, 19.4% 44.9% CYP2C19

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). Km and Vmax values were expressed as mean ± S.E. of parameter 

estimate. CLint, expressed CYP and fmCYP (contribution ratio of each CYP) values were scaled to eqs. 

2 and 3 under Materials and Methods to determine contribution.

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

in Rowland Yeo et al. (2004).

CYP1A2 1.58 ± 1.35 2.27 ± 0.46

CYP2B6 2.08 ± 0.73 7.66 ± 0.69

CYP2C19 1.12 ± 0.25 7.52 ± 0.36

Vmax

(pmol/pmol CYP/min)

Enzyme Abundances* CLint, expressed P450 fmCYP

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

Incubation time Vmax/KmKm

35.8

1 3.68 11 40.5 19.4

1 1.44 52 74.9

14 93.9 44.91 6.71



28

CYP CYP2B6 CYP2C9 CYP2C19 CYP3A4

Km Vmax Table 2

CYP CLint, 

expressed CYP CYP fmCYP, % Table 2

Table 2 CYP

CYP2B6 CYP2C9 CYP2C19 CYP3A4 32.9%, 

6.76%, 20.6 39.8%

CYP3A4

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). Km and Vmax values were expressed as mean ± standard error (SE) of 

parameter estimate. CLint and fmCYP (CYP contribution ratio) values were scaled to equation 2 

and 3 under Materials and Method section to determine contribution. 

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

data in Rowland-Yeo K et al., (2004).

CYP2B6 1.62 0.08 2.48 0.03

CYP2C9 18.1 3.8 0.855 0.084

CYP2C19 12.1 2.2 9.06 0.68

CYP3A4 27.8 4.2 3.63 0.29

Vmax

(pmol/pmol CYP/min)

CLint, expressed P450 fmCYP

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

Incubation time Enzyme Abundances*Vmax/KmKm

15 0.131

1.53

73

155

15

3.45 6.76

11 16.8 32.9

20.3 39.8

30 0.0472

10.5 20.615 0.749 14
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1.3.4

Km

Eadie-Hofstee plots Direct plots Figure 3

Eadie-Hofstee plots

2 WinNonlin nonlinear estimation program

Km Vmax Direct plots Km1 Vmax1 4.70 ±

144 ± 61.0 pmol/mg protein/min Km2 Vmax2 71.9 ± 30. 1230 

± 220 pmol/mg protein/min

Km1 4

(A) (B)

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 M 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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Km

Figure 4 Eadie-Hofstee plots Direct plots

Eadie-Hofstee plots

2 WinNonlin nonlinear estimation program

Km Vmax Direct plots Km1 Vmax1 2.69 ±

32.4 ± 11.6 pmol/mg protein/min Km2 Vmax2 94.9 ± 249 

± 41.0 pmol/mg protein/min

Km1 3

(A) (B)

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.

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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CYP

Table 3

CYP1A2 CYP2B6 CYP2C19

30.9 ± 9.0%, 26.0 ± 2.5%, 42.0 ± 

8.1% CYP2C19

CYP2B6 CYP2C19 CYP3A4 CYP2C9

54.3 ± 3.4%, 

32.9 ± 4.2%, 31.3 ± 5.3%, 13.5 ± 4.4% CYP2B6

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 

form formation

Active metabolite 

formation

Anti-CYP1A2 30.9 ± 9.0

Anti-CYP2B6 26.0 ± 2.5 54.3 ± 3.4

Anti-CYP2C9 13.5 ± 4.4

Anti-CYP2C19 42.0 ± 8.1 32.9 ± 4.2

Anti-CYP3A4 31.3 ± 5.3
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CYP1A2 furafylline CYP2C9 sulfaphenazole

CYP2C19 (S)-N-3-benzylnirvanol omeprazole CYP3A4

ketoconazole

Figure 5

34.9 ± 0.5% 10

S)-N-3-Benzylnirvanol 26.9 ± 

10.5% 27.1 ± 9.2%

sulfaphenazole 36.2 ± 7.7% S)-N-3-Benzylnirvanol 10 

35.4 ± 15.2% 31.3 ± 17.3% 2

38.4 ± 8.4%

Figure 5 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

2

Figure 4S p14 CYP CYP

CYP

CYP1A2 CYP2B6 CYP2C19

CYP CYP2B6

CYP2C9 CYP2C19 CYP3A4 Savi 1994

CYP1A [22] CYP1A2

Dansette CYP

[23]

[24, 25]

Savi in vitro [22]

CYP1A2 CYP2B6 CYP2C19 35.8%

19.4% 44.9%

CYP1A2 CYP2B6 CYP2C19

30.9 ± 9.0%, 26.0 ± 2.5%, 42.0 ± 8.1%

furafylline CYP1A2 34.9 ± 0.5%

(S)-N-3-Benzylnirvanol CYP2C19 CYP2C19

26.9 ± 10.5% 27.1 ± 9.2%

CYP

CYP CYP2C19 > CYP1A2 > CYP2B6
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CYP2B6 CYP2C9 CYP2C19 CYP3A4 32.9%

6.76% 20.6% 39.8%

CYP2B6, CYP2C19, CYP3A4

CYP2C9 54.3 ± 3.4%,32.9 ± 4.2% 31.3±

5.3% 13.5 ± 4.4%

CYP2C9 36.2 

± 7.7% S)-N-3-Benzylnirvanol

35.4 ± 15.2% 31.3 ± 17.3% CYP3A4

38.4 ± 8.4% CYP

CYP2B6 CYP2C19 CYP3A4

CYP2C19

2

CYP2C19 poor metabolizer; PM

intermediate metabolizer; IM

extensive metabolizer; EM

CYP2C19 PM

[12, 26, 27, 28, 29] CYP2C19
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1.5

CYP

CYP1A2 CYP2B6 CYP2C19 35.8 19.4

44.9%

CYP CYP2B6 CYP2C9 CYP2C19 CYP3A4

32.9% 6.76% 20.6% 39.8%

2

CYP2C19

1
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RKIP (Raf kinase inhibitor protein)
2.1

Figure 6S [25]

CYP

Figure 6S Metabolic pathway of prasugrel

(Rehmel JL et al. Drug Metab Dispos 2006; 34: 600-607 )

1

2 hCE2

hCE2 [30]

250 mL 10 mg

[31] in vivo 2.5 mg, 10 mg, 75 

mg [32]

in vitro 75 mg

hCE2

hCE2
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2.2

2.2.1

R-135766 Figure 6S Figure 5S [33]

Ube, Japan R-135766

LC-MS/MS

cOmplete mini: mixture of serine, cysteine and metaloprotease inhibitors

Mannheim, Germany Bis p-nitrophenyl phosphate

BNPP Sigma-Aldrich St. Louis, MO Laemmli sample buffer Flamingo 

fluorescent gel stain 5%–20% SDS-PAGE 12.5% 7.5% SDS-PAGE Ready Gel 

J PVDF

Richmond,CA Trypsin

Madison, WI

HPLC

2.2.2

S9 mixture Sekisui Xeno-Tech Kansas, KS

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

HAB Tokyo, Japan

FreeStyle 293F 293

Raf Kinase Inhibitor Protein hRKIP

Carlsbad, CA FLAG M2 agarose Sigma-Aldrich

hRKIP IgG

Gunma, Japan

Rockford, IL

hRKIP RKIP FL-187: sc-28837 Santa Cruz Biotechnology, 

Inc. Santa Cruz, CA hCE2

Amersham ECL-anti-rabbit IgG Horseradish peroxidase HRP

linked species-specific whole antibody Amersham ECL Plus Advance

GE Tokyo, Japan
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Peptide N-glycosidase F PNGase F, Lot 0360910

Tokyo, Japan

2.2.3

4

Ibaragi, Japan

9 0.25 M

10 mM HEPES-NaOH (pH 7.0)

9,000 g, 4 , 30 min S9 S9

105,000 g, 4 , 60 min

S9

2.2.4

100 mM HEPES S9

: 1 mg protein/mL DMSO

6 mM 37 15

Ultrafree-MC 

0.45 mm PVDF

LC-MS/MS

2.2.5

2.2.5.1 S9

2 S9 10 mg protein/mL Superdex 75, GE

0.5 mL/mL 20 mL 100 mM HEPES

pH7.0 0.5 mL

DMSO 6 mM

BNPP : 1 mM 60 37

2.2.4
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2.2.5.2

5 g 20 mM 

pH6.0 HiPrep Heparin GE

20 mL 0-0.5 

M 0.5 mL

BNPP 2.2.5.1

hCE2 hCE2

1

2.2.11.2

HiPrep Heparin No.5-10 1 mL

mono S 5/50 GL GE 30 mL

0-0.5 M 0.5 mL

2.2.5.1 BNPP

20 mM Tris-HCl pH9.0 1 mL

mono Q 5/50 GL GE 30 mL

0-0.5 M 0.5 

mL 2.2.5.1

5% - 20% SDS-PAGE

Flamingo

molecular imager FX

mono Q 5/50 GL

20 mM pH6.0 0.24 mL

mini S PC 3.2/3 GE

7.2 mL 0-0.35 M

0.5 mL SDS-PAGE
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2.2.6 LC-MS/MS

Mini S SDS-PAGE

16 5%

LC-MS/MS DiNa

LTQ-Orbitrap Thermo Fisher Scientific

15,000 MS 2

6 MS/MS

Mascot

Swiss-Prot human 2

fixed modification variable 

modification N

5 ppm 0.8 Da

ESI-TRAP

FDR Fales Discovery Rate

1%
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2.2.7 hCE2 hRKIP

hCE2 [34] RKIP

293F cDNAlibrary [35]

N FLAG RKIP

GFP hRKIP hCE2

30 g 293 293F 3×107 cells

72

lysis 20mMTris-HCl (pH7.5), 500mMNaCl, 0.1% NP-40

5 FLAG 

M2 FLAG 4 2

FLAG lysis

3 FLAG 0.1 

mg/mL FLAG lysis recombinant hRKIP

Recombinant hCE2 hCE2

PNGase F

2.2.8

hRKIP hCE2

recombinant

Recombinant hRKIP : 1 g protein/mL recombinant hCE2

: 0.25 g protein/mL 0.1N HEPES pH7.0 37

5 DMSO

0.625 1.25 2.5 5 10 20 40 80 160 320

37 2

-135766

20,800 g, 3 min, 4 L LC-MS/MS
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2.2.9 S9 hRKIP hCE2

hRKIP hCE2 S9 n=4

hRKIP hCE2

Recombinant hRKIP 0.1N HEPES pH7.0

2.5 5 10 15 recombinant hRKIP

S9 hRKIP

S9 0.1N HEPES pH7.0 0.8 mg protein/mL

S9 0.8 mg protein/mL

GFP Recombinant 5

Laemmli 2 100 5

10 12.5% SDS-PAGE 140V, 80 min

2.2.11.2

PNGase F recombinant hCE2 5

Laemmli 1 2.5 5 7.5

100 5

S9 hCE2 S9

0.1N HEPES pH7.0 1.6 mg protein/mL PNGase 

F S9 5

Laemmli 2 100 5

7.5% SDS-PAGE 140V, 80 min

2.2.11.2

S9 hRKIP hCE2

2.2.11.3
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2.2.10 S9

hRKIP hRKIP BNPP

S9 n=2, 

HIS-063-S3, HIS-111-S3 hRKIP

IgG TNN 20 mM Tris (pH 8.0), 

100 mM NaCl, 1% NP-40 4

protein G-Sepharose 4 3

hRKIP hRKIP

2 2.2.11.3

hRKIP IgG

S9 : 0.2 mg protein/mL BNPP : 0.1 mM

50 mM HEPES pH7.0 37 2

DMSO

37 20 50%

50%

LC-MS/MS
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2.2.11

2.2.11.1 LC-MS/MS

LC-MS/MS

HPLC Alliance 2695 Separations Module Waters Corp

Quattro-LC-MS/MS system Micromass UK., Ltd.

Inertsil ODS-3 column 

2.1 × 150 mm, 

40

/ /TFA = 570/430/0.5 (v/v/v) 

520/480/0.5 (v/v/v)

0.2 mL/min

Electro-spray ionization ESI – positive ion detection mode

350

120

Capillary voltage 3.5kV

Cone voltage 20 V

Collision energy 25 eV

, m/z 

R-135766 ( ), m/z 

LLOQ 0.025-

MassLynx version 3.4 software Waters Corp. Masslynx 

version 4.0 SP4 software Waters Corp.
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2.2.11.2 1

PVDF

Transblot Bio-Rad Laboratories, Inc.

15 V 40

1

0.05 Tween 20 2

0.05 Tween 20 TTBS

1

hRKIP TTBS 400

hCE2 TTBS 5000

TTBS 30

1

ECL anti-rabbit IgG-HRP-linked antibody TTBS 5000

hRKIP

ECL anti-rabbit IgG-HRP-linked antibody TTBS 20000

hCE2

TTBS 30

Lumigen TMA-6, Western 

blotting kits 5

LAS-4000UVmini; Fujifilm Co., Ltd
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2.2.11.3 2

hRKIP S9 5

Laemmli 2 100 5

5%–20% SDS-PAGE

140V, 80 min PVDF

PVDF 10% Aqua block TBS-T 20 mM Tris-HCl (pH 

7.4), 150 mM NaCl, and 0.1% Tween 20

hRKIP 5000 - 5000

ECL anti-mouse IgG-HRP-linked 

antibody 50,000 TBS-T

30 ECL Plus ECL Advance

NightOWL Berthold Technologies GmbH, BadWildbad, 

Germany

2.2.11.4

S9

hRKIP hCE2 AU

LAS-4000UVmini; Fujifilm Co., Ltd Multi Gauge version 3.0 

software Fujifilm Corp. AU AU

recombinant hRKIP

hCE2 100 ng/10 
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2.2.12

protein)

=
(nmol/mL)×1000

(min)

Recombinant hRKIP Eadie-Hofstee X

V/ Y V WinNonlin 

Professional pharmacodynamic compiled model model no.101 version4.0.1; 

Pharsight - Km Vmax,

recombinant hCE2

Km Vmax Eadie-Hofstee

WinNonlin nonlinear estimation 

program S Ki

V =
Vmax

(1 + (Km/S) + (S/Ki))

S9 hRKIP hCE2

CLint for each enzyme

=
Vmax × enzyme concentration ( S9)

Km

(%) =
CLint for each enzyme × 100

int for each enzyme
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%

hRKIP S9 %

=

BNPP hRKIP

S9 nmol/mg/min
× 100

BNPP IgG S9 

nmol/mg/min

IgG S9 %

=

BNPP IgG S9 

nmol/mg/min
× 100

BNPP IgG

S9 nmol/mg/min
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2.3

2.3.1

S9

Figure 6

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 .

S9

BNPP

Figure 7 S9 2

60 kDa

BNPP 20 

kDa BNPP

CES2 2

CES2

S9

0

50

100

150

200

250

300

350

400

Homogenate S9 Microsome Cytosol
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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 2

cytosolic fraction (B) to a Superdex 75 gel filtration column. Each fraction was incubated with 

6 mM prasugrel for 60 minutes at 37 in the presence or absence of BNPP. The positions of 

the native molecular weight markers are indicated at the top.
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2.3.2

HiPrep Heparin

Figure 8 Figure 8A

Heparin 2

CES2 Heparin

CES2 Heparin CES2

HiPrep Heparin No.5-10

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 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.

anti-CES2

A: HiPrep Heparin chromatography
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HiPrep Heparin No.5-10

Mono Q 5/50 GL mini S PC 3.2/3

Figure 9 Mono Q 5/50 GL

N.6-7

No.5-14 Flamingo

21 kDa

Figure 9A

Mono Q 5/50 G

No.6-7 mini S PC 3.2/3 Figure 9B

No.12

Flamingo 21 kDa 1

Figure 9 Purification of prasugrel hydrolase.

A
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75-
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IN 9 10 11 12 13 14 15

RKIP

5   6    7    8     9    10   11  12  13   14

5   6    7    8     9    10   11  12  13   14 9 10 11 12 13 14 15

(A) Prasugrel activity on the mono Q column. Mono Q fractions were incubated with 6 mM prasugrel 
for 60 minutes at 37 .  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 . Data were expressed
as mean +SD of three experiments
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2.3.3 LC-MS/MS

LC-MS/MS Mascot Server Mini S PC 3.2/3

No.12 21 kDa Figure 10 21 kDa

GenBank accession

RKIP 96%

CES2 RKIP

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.

1 MPVDLSKWSG PLSLQEVDEQ PQHPLHVTYA GAALDELGKV LTPTQVKNRP
51 TSISWDGLDS GKLYTLVLTD PDAPSRKDPK YREWHHFLVV NMKGNDISSG
101 TVLSDYVGSG PPKGTGLHRY VWLVYEQARP LKCDEPILSN RSGDHRGKFK
151 VASFRKKYEL GAPVAGACYQ AEWDDYVPKL YEQLSGK
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2.3.4 hRKIP hCE2

recombinant hRKIP hCE2

Km, Vmax Figure 11 Eadie-Hofstee plots Direct plots

Recombinant hRKIP Eadie-Hofstee 

plots Km Vmax

recombinant hCE2 Eadie-Hofstee 

plots

Km Vmax

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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recombinant hRKIP Km Vmax 49.9 ±

14,100 ± recombinant hCE2 Km Vmax

49.8 ± 54,800 ± 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 Km and Vmax values. Km -Menten constant, 

Vmax

the substrate.  Km and Vmax for the recombinant hRKIP were calculated by using WinNonlin 

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

Km Vmax Vmax/Km Ki

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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2.3.5 S9

S9 hRKIP hCE2

S9 hRKIP hCE2

Figure 12 S9

Lane 1-5 recombinant Lane 6-9

S9 n=4 Figure 12 (A) recombinant 

hRKIP FLAG 21 kDa

S9 21 kDa hRKIP

Figure 12 (B) recombinant hCE2 S9

60 kDa

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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S9 hRKIP hCE2

7.48 ng/ g S9 15.6 ng/ g S9 7.91

S9 Table 5

hRKIP hCE2

hRKIP hCE2 42.9% ± 9.82% 57.1% ± 9.82%

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.

Vmax/Km

Vmax/Km

Individual 

human small 

intestinal S9

Enzyme 

contents
CLint

Contribution ratio (%)

Individual mean SD

hRKIP 283

HIS-063-S3 14.9 4217 52.7

42.9 9.82
HIS-067-S3 12.8 3622 29.4

HIS-084-S3 15.6 4415 43.4

HIS-111-S3 7.48 2117 46.2

hCE2 1101

HIS-063-S3 3.44 3787 47.3

57.1 9.82
HIS-067-S3 7.91 8709 70.6

HIS-084-S3 5.24 5769 56.6

HIS-111-S3 2.24 2466 53.8
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2.3.6 S9

hRKIP hRKIP BNPP

Figure 13 hRKIP

S9 hRKIP Figure 13A hRKIP

hRKIP S9

34 Figure 13B, Table 6 hRKIP

S9 BNPP

48 Figure 13B, Table 6

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

(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. -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 in the presence or 

absence of 0.1 mM BNPP. The data are mean (n = 2).

anti-hRKIP

anti- -actin

HIS-063-S3 HIS-111-S3
(A)

(B)

0

20

40

60

80

100

120

ctrl RKIP ctrl RKIP

HIS-063-S3 HIS-111-S3

Th
e 

re
m

ai
ni

ng
 h

yd
ro

ly
si

s 
ac

tiv
ity

 (%
)

BNPP (-)
BNPP (+)

ctrl hRKIP ctrl hRKIP

HIS-063-S3 HIS-111-S3



59

Table 6 Immunodepletion of hRKIP and effect of BNPP

The relative prasugrel hydrolase activity of hRKIP depleted human small intestine S9.  The 

presence of or absence of 0.1 mM BNPP. 

Individual 

human small 

intestinal S9

Production of thiolactone form

(nmol/mg protein/min)
Remaining hydrolysis activity (%)

Control
Anti-hRKIP 

treatment
Control

Anti-hRKIP 

treatment

BNPP 

(-)

BNPP 

(+)

BNPP 

(-)

BNPP 

(+)

BNPP 

(-)

BNPP 

(+)

BNPP 

(-)

BNPP 

(+)

HIS-063-S3 54.5 33.4 34.8 11.2 100 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

RKIP

S9 hCE2 hRKIP

60 30-40

S9

HiPrep Heparin mono Q 5/50 GL mini S PC 3.2/3

3

LC-MS/MS 21 kDa RKIP

RKIP

Raf

[36, 37, 38, 39, 40] RKIP

[41]

RKIP

recombinant 

hRKIP hCE2 recombinant Km,

Vmax recombinant hRKIP hCE2

Km Vmax 14,100

54,800 hCE2

Eadie-Hofstee plots Figure 11

hRKIP Eadie-Hofstee plots Figure 11

hCE2
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hRKIP 26.8

-

S9 S9 hRKIP

hCE2 42.9% 57.1%

109 hCE2

hRKIP

in vivo

hRKIP hRKIP S9

34 BNPP

48 hRKIP

hRKIP BNPP

hCE2

hRKIP hCE2

hCE1

1 hCE2 hCE2

[30] 2.5 mg

10 mg 75 mg

[32] 250 mL 26.8, 107, 

In vitro

hCE2 75 mg

in vitro in vivo hRKIP

hCE2 hRKIP

hRKIP



62

2.5

2

RKIP

hRKIP

hCE2 hRKIP S9

60 30-40

S9 hCE2 hRKIP

1
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S-

3.1

4

2

S- in vitro in vivo

Figure 7S S-

S-

S-

Figure 7S Metabolic pathway of prasugrel

2

4 Figure 8S in vitro

Figure 9S RS RR SS SR

[42] 4 RS

RR [43]

S-
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In vitro S- S-

In vivo S- 2

Figure 8S Structures of four stereoisomers of the pharmacologically active 

metabolites of prasugrel. 

(Hasegawa et al. Thromb Haemost 2005; 94: 593-598 )

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.

Figure 9S Effects of four stereoisomers of he pharmacologically active 

metabolites of prasugrel, SS-, SR-, RR-, and RS-form, on platelet aggregation 

(Hasegawa et al. Thromb Haemost 2005; 94: 593-598 )

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

the presence or absence of each stereo-isomer. Results are expressed as the mean ± S.E.M

(n=6).

*

*

4

1’

*

*

4

1’

*: 

(Mean S.E.M)
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3.2

3.2.1

S- R-135766 R-121721 (S-

) Ube, Japan

4 (RS, RR, SR, SS ) Tokyo, 

Japan

S- HPLC -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

-nicotinamide adenine dinucleotide phosphate sodium salt NADP L-glutathione 

reduced GSH ± -2,3-dichloro-alpha-methylbenzylamine hydrochloride

DCMB Sigma-Aldrich St. Louis, MO

3’-methoxyphenacyl bromide MPBr m-anisic acid

Tokyo, Japan HPLC

3.2.2

20 mg protein/mL

Sprague-Dawley SD

BD Woburn, MA

S- 10

donors 10 donors HAB

Tokyo, Japan

3.2.3

SD n = 4 Yokohama, Japan

8 n = 4

6
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3.2.4

S-

-S- TMT

S-

1 mM EDTA 0.5 Triton X-100 100 mM pH7.9

: 2 mg protein/mL SAM : 0.5 

mM 37 5

DMSO : 50 37

5 10 20 30 45

-naphthoflavone

20,800 g, 3 min, 4 UPLC-UV

S- UPLC-UV 3.2.9.1

TPMT

S-

400 mM pH6.2

: 2.25 mg protein/mL SAM : 0.5 mM

37 5 DMSO

37 5 10 20 30 45

TMT
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3.2.5

S-

TMT DCMB TPMT m- S-

S-

1 mM EDTA 0.5 Triton X-100 100 mM 

pH7.9 : 2 mg 

protein/mL SAM : 0.5 mM DCMB : 5 50

37 5

DMSO 37 45

S-

400 mM pH6.2

: 2.25 mg protein/mL SAM : 0.5 mM DCMB

:  5 50 m- : 0.1 1 10 mM

37 5

DMSO 37 30

3.2.4

3.2.6 4 S-

1 mM EDTA 0.5 Triton X-100 100 mM 

pH7.9 : 2 mg protein/mL

NADPH-generating system -NADP (2.5 mM), G-6-P (22.5 mM), G-6-PDH (2 

units/mL), MgCl2 (10 mM) SAM : 0.5 mM 37 5

4 RS, RR, SR, 

SS DMSO 10 37 5 15 30

60 90 120 3.2.4
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3.2.7 S-

1 mM EDTA 0.5 Triton X-100 100 mM 

pH7.9 ( ) : 2 mg protein/mL

NADPH-generating system : 5 mM SAM :

0.5 mM 37 5

SR SS DMSO

2.5 0.5 1 2 5 10 50 100 200

37 30

-135766

20,800 g, 3 min, 4 LC-MS/MS

LC-MS/MS Single column S- LC-MS/MS

3.2.9.2

3.2.8 S-

S-

RS+RR SR+SS

3.2.8.1

1 mg/mL

n=4 n=4

1 mg/kg 0.033

0.083 0.25 0.5 1 0.4 mL

3.2.8.2

500 mM MPBr

10 21,600 g, 3 min, 4
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100/1, v/v R-121721

IS, 100 ng/mL 100/1, v/v

20,800 g, 3 min, 4 LC-MS/MS

LC-MS/MS Single column ESI-LC-MS/MS Double-Column S-

S- RS+RR SR+SS

3.2.9

3.2.9.1 UPLC-UV

S- UPLC-UV

UPLC Acquity Ultra Performance system

ACQITY UPLC BEH C18 column 

2.1 × 50 mm, 

40

A /TFA = 1000/0.05 (v/v/v)

B / /TFA = 400/600/0.02 (v/v/v)

A B

:

Time (min) A B

0 90% 10%

10 45% 55%

14 0% 100%

19 90% 10%

0.5 mL/min

PDA

220 nm: S- -naphthoflavone

S- LLOQ ULOQ 1
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3.2.9.2 LC-MS/MS

LC-MS/MS Single column S- in vitro

HPLC Alliance 2695 Separations Module Waters Corp

Quattro-LC-MS/MS system Micromass UK., Ltd.

Inertsil ODS-3 column 

2.1 × 150 mm, 

40

/ /TFA = 520/480/0.5 (v/v/v)

0.2 mL/min

Electro-spray ionization ESI – positive ion detection mode

350

120

Capillary voltage 3.5kV

Cone voltage 20 V

Collision energy 25 eV

S- , m/z m/z 206

R-135766 ( ), m/z m/z 206

S- LLOQ 0.025-

Masslynx version 4.0 SP4 software Waters Corp.



71

LC-MS/MS Single column S- in vivo

UPLC LC-20A UFLC system

API5000 Biosystems/MDS SCIEX

L-column ODS

2.1 × 150 mm, 5

40

A / = 990/10 (v/v) B

A B

:

Time (min) A B

0 50% 50%

2 25% 75%

6 25% 75%

6.1 50% 50%

0.25 mL/min

Electro-spray ionization ESI – positive ion detection mode

Curtain gas and set value: N2, 30 (psi)

Collision gas and set value: N2, 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

S- , m/z m/z 149

R-121721 ( ), m/z m/z 153

S- LLOQ 2.5-500 ng/mL
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LC-MS/MS Double column S- RS+RR

SR+SS

UPLC Acquity Ultra Performance system

API5000 Biosystems/MDS SCIEX

ACQITY UPLC BEH C18 column 

2.1 × 100 mm, 

Chiralcel OJ-RH column

2.0 × 150 mm, 

40

/ /1M /TFA =

275/715/10/0.5 (v/v/v/v)

0.25 mL/min

Electro-spray ionization ESI – positive ion detection mode

Curtain gas and set value: N2, 30 (psi)

Collision gas and set value: N2, 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

S- , m/z m/z 149

R-121721 ( ), m/z 371 m/z 153

Analyst 1.4.1 Analyst 1.4.2 Biosystems/MDS SCIEX



73

3.2.10

S- V, pmol/min/mg protein V/S

V (pmol/min/mg protein)

=
(nmol/mL) × 1000

Matrix (mg protein/mL)× (min)

S- - Km

Vmax, pmol/min/mg protein Eadie-Hofstee

WinNonlin Professional pharmacodynamic compiled model

model no.101 version4.0.1; Pharsight

S- CLint,

ml/min/kg

mg/g liver 44.8 77.9 48.8 mg/g 

liver g/kg 10 g/0.25 kg 320 g/10 kg

1800 g/70 kg [44, 45]

CLint, in vitro =
Vmax (pmol/min/mg protein)

Km

V/S protein =
pmol/min/mg protein

=
V V × 100

V
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CLint (mL/min/kg)

=
CLint, in vitro × (mg/g liver )× (g/kg)

1000

S- RS+RR SR+SS

S- RS+RR SR+SS %

=
IS S- RS+RR SR+SS × 100

IS S- RS+RR + SR+SS

S- RS+RR SR+SS ng/mL

=
S- ng/mL × S- %

100

S- t1/2 Cmax AUC0-1 h

AUC0-inf WinNonlin Professional version 4.0.1; Pharsight Corporation
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3.3

3.3.1 S-

3.3.1.1

S-

S-

Figure 14 S-

5

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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3.3.1.2

S-

S-

DCMB TMT m- TPMT

Figure 15

S-

DCMB 50

S- DCMB 5 50

m- 0.1 1 10 mM
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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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3.3.2 TMT ( S- )

4 RR, RS, SR, SS

S-

Figure 16

S-

SR SS

S-

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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SR SS S-

Km Vmax pmol/min/mg protein

S- CLint, /min/kg

Table 7 SS S-

40.41 17.28 11.62

SR S-

37.61 17.71 2.47

Table 7 Apparent enzyme kinetic parameters and estimated CLint 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 vitro and CLint values were scaled to eqs. 4 and 5.

Data were expressed as mean of duplicate experiments. 

Km: pmol/min/mg protein, CLint in vitro: CLint: mL/min/kg 

B.W.

SS-form of the pharmacologically active 

metabolite

SR-form of the pharmacologically active 

metabolite

Km 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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3.3.3 S-

1 mg/kg

S- RS+RR SR+SS Figure 

24 Table 9 S- RS RR

SR SS 2

TMT

2

S-

SR+SS RS+RR S-

SR+SS AUC0-inf RS+RR 8.5 76.6

S- SR+SS AUC0-inf 3

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.

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 

parameters

Rat Dog

RS+RR 

isomers

SS+SR 

isomers

RS+RR 

isomers

SS+SR 

isomers

t1/2 (h) 0.446 ± 0.239 0.167 ± 0.0964 0.270 ± 0.112 0.424 ± 0.106

Cmax (ng/mL) 59.7 ± 2.15 614 ± 124 2.40 ± 1.52 156 ± 21.2

AUC0-1h (ng·h/mL) 36.0 ± 3.81 351 ± 62.6 1.50 ± 1.04 103 ± 21.9

AUC0-inf (ng·h/mL) 49.3 ± 18.1 421 ± 95.4 1.75 ± 1.41 134 ± 42.6
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3.4

S- TMT TPMT [46]

TMT

TPMT

[47] S-

5

TMT DCMB TPMT m-

S- TMT

4 RR RS SR SS

S- 2 SR

SS RR RS S-

TMT

SH

TMT 2-

S-

[47 48 49] TMT

1 mg/kg

S- SR+SS RS+RR

S- SR+SS AUC0-inf RS+RR 8.5

76.6 In vitro

S- SR SS in vivo

S- SR+SS

AUC0-inf 3 in vitro

SR SS S- CLint
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4 RS

RR SS SR in vitro

4

2 2

[43, 50] TMT

2 TMT

2

TMT
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3.5

S-

TMT

TMT S-

SH

SR SS S-

CLint

S-

SR+SS RS+RR S-

SR+SS

TMT

2 RS+RR

1 TMT

TMT
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CYP

CYP CYP1A2, 2B6, 2C19

CYP

35.8%, 19.4% 44.9%

CYP CYP2B6, 2C9, 2C19

3A4 CYP

32.9%, 6.76%, 20.6% 39.8% Figure 

4S page 14 2

2 CYP2C19

Figure 3S, p13

CYP2C19 CYP2C19 PM

[12]

CYP2C19

CYP2C19

RKIP

RKIP

S9

S9



86

hCE2 RKIP 60 30-40

hCE2

hCE1 hCE2

hCE2

250 mL 10 mg

2.5 mg 10 mg 75 mg

In vitro

hCE2

75 mg in vitro

in vivo RKIP

RKIP

CYP

Rehmel J.L.F. [25]

Figure 10S

hCE1

[51]

hCE1

hCE1 hCE2 RKIP
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CYP2C19

1

(   )

Figure 10S Metabolic pathways of prasugrel and clopidogrel

4

2

S- in vitro in vivo

In vitro S- TMT
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2
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85 %
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2 TMT S-

In vivo S-

S-

2 S- SR+SS

in vitro in vivo

4

2 2

TMT

2 TMT 2

TMT

Figure 11S



89

Figure 11S 
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