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Determination of clopidogrel and its metabolites in plasma by LC-MS/MS and its application

in the pharmacokinetics study in mice
Zhang Mengran, Tai Ting, Mi Qiongyu, Ji Jinzi, Huang Beibei, Jia Yumeng, Xie Hongguang”
(General Clinical Research Center, Nanjing First Hospital Affiliated to NJMU, Nanjing 210006, China)

[Abstract] Objective: To develop and validate a sensitive high performance liquid chromatography-tandem mass spectrometry
method for the simultaneous determination of clopidogrel and its metabolites and subsequently to use it to investigate pharmacokinetic
properties of clopidogrel in mice. Methods: Clopidogrel and its metabolites were determined at an electron spray ionization (ESI)
source using multiple reaction monitoring (MRM) in positive ion mode after protein precipitation by acetonitrile,in which piroxicam
was added as an internal standard. Chromatographic separation was achieved on a Poroshell 120 SB-C18 column (100x2.1 mm, 2.7
wm, Agilent Technologies) using a mobile phase that consisted of both solvent A (0.1% formic acid in water) and solvent B (0.1%
formic acid in acetonitrile) in a gradient elution manner. The pharmacokinetics of clopidogrel was investigated in mice receiving a
single dose of clopidogrel (10 mg/kg) by gavage administration. Results: The simultaneous assay of clopidogrel and its metabolites
achieved good linearity (r> 0.99) within the range of the spiked plasma concentrations. The recoveries were greater than 80%, and no
significant matrix effect was found. The both intra- and inter-day RSDs were less than 15%, and the accuracy ranged from —2.40% to
5.00% . The stability of the method was good. In addition, a series of pharmacokinetics parameters were obtained in mice after
receiving a single oral dose of clopidogrel through this analytical method. Conclusion: The modified methodology was highly
sensitive, accurate, and reproducible for the simultaneous determination of clopidogrel and its three major metabolites in mouse
plasma and therefore, it was successfully applied in pharmacokinetic studies of clopidogrel in mice.
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SIS TR (clopidogrel , CLP) J2& — it W Wy - Nk g
K MR8, )iz T BB s k2 A R B
1328 B @R B KA AR TR SO S B SCR I
M= CLP & —Mii 2y (A 5 T B ), 2
85% 11 )5 25 TE AR N BIOR TR IR 1 7K fire A 35 A TE 3% 1
R R ALY (clopidogrel carboxylate, CLP-C) ¥/,
e 28 TR S G S AR Az B 7 A 1 TR 25
(clopidogrel acyl glucuronide,CLP-G), 1M 24 15%
14 )5 2 22 A (5 3R PASO il 75 20 S A AR A 3 1
Y (clopidogrel active metabolite, CAM) , CAM 5 Ifi1./]\
MR P2Y , SRS G, BHIBT 5 i R i 1 485
B A RAE CLP LI/ M /R T,

CLP 15 PEAR 7= 1) CAM 15 24 54 B 4 A G
AETE A ) CLP-C 32 F 2 AR W, 78 1 3¢
ok B, T RIOR 4 PPA CLP AR RRIE ™,
) BRI R L 25 B CLP-G 76 W v vl DL AR ) 5%
£ CLP,CLP-G X 1fil. CLP ¥ B2 AT ™ A= W A
PRI Ik 4 T I CLP B AR 7™ W 14 i 24 ¥k B 1 7%
e, HAlSCHk i E 2 8 P e A2k CLP,
CAM Al CLP-C Hfi 24 #¢ J& W i 17 (] S AT — T 5%
T CLP-G Hy4laE ™ 1y & A 1 A WA I, A, A
G4 R WA [ B 43 A i I CLP CAM [ CLP-C. Al
CLP-G Wy J5 k244l .

ARMWEFEHENT T SSOBCRH € 5 15 T = 3 DU B AT e
WX BT 1% (LC-MS/MS ) (i 4G I 75 2, [] ik 0 s /) Bl i 2
i CLP .CAM .CLP-C Fil CLP-G ¥ J& , K¢ H i 1 T
CLP 7E/N AN I 253 1 058, e mir4r CLP
L3 T 3 A W0 AE /D B A AR AR E R
I R AIF5E 22 4 4

1 ##FF7EE

1.1 ##

o TR A €8 1% — BT A (L 4R H AR Shi-
madzu LC-30A i /5 R A €4 3% 1 3¢ [ AB SCIEX
Triple Quad™ 4500 = 5 VU FF 5 i1 1% ) ; Vortex-Ge-
nie 2 &R IR G %5 (Scientific Industries A7) , L H ),
Mikro 200R ¥ 7 & 0> ML (Hettich 23 7], 7 [ ) ; Con-
centrator plus F.%5 B0V 4L (Eppendorf 23 v |, 1
) s Milli-Q #H 27K %% (Millipore 23 F] , 21 )

B R & CLP J5kH 2 (41t %5 :NDS1601012, Jb 5t
WEE AR THEARGIRAH); IR CLP brifEih
(#t45:100819-201405 , 4l £ 95% ) Fltk &' 1 5 A 1
ff (1651 100177-201303, 40 & 99.8% ) ([ 2 ff 4=
Yy il fi A8 RE T ) 52— T8 =37 = F 4R 3 K 2 i (2-bro-

mo-3’-methoxyacetophenone , MPB, #t 5 . 101522615,
4l fE 98% ,Sigma-Aldrich 22+, M) ; SMEE CLP
15 =17 A= W) (racemic CAM derivative, CAMD ) #5
HE S (L5 . 5-MNZ-188-22, 4l £ 98% ) .CLP-G #5 #fE
i (fit 5 . 6-JHX-28-16, 4l if 95% ) #l CLP-C A5 {fE iy
(it 5 :3-JHY-32-3, 4fi ¥ 98% ) (Toronto Research
Chemicals A 5], &K ) 5 LM (35 2l FTH (8
P 4l) (Merck 23w, P8 ) 5 HAW 3050 249 0 20 A 26 5
ali7k i Milli-Q 467K & 40l %% .

SPF % filt e 1M CSTBL/6 /N B, 6~8 JE S [ 14 AT
UE 45> SCXK (5 )2015-0001 , 7 5 K #E X sh )
WEFEIT ], i35 T et B ARk K 2 B e e ot 5 e 5l ) 52
o rhts AR R BE IR BE N AR S 12 h S BT
A R =R ER Y, A oK, SEERET 1 d 48
BEARERK,
12 F#*
1.2.1 &5kt

6, 15% #1 . Poroshell 120 SB-C18 (100x2.1 mm,
2.7 pm, Agilent Technologies, 3¢ [F ) ; it sl 4 ; 7K (A,
F01% W) -G (B, & 0.1% H 2 ) 6 B2 B i 5 It
B A 6 BB E :0.01 min, A:B=70:30;1.5 min,A:B=
70:30;4.5 min, A:B=10:90;5.5 min, A:B=10:90;5.51 min,
A:B=70:30;7.5 min, A:B=70:30, ¥i# :0.5 mL/min ; i}
it .5 Ll A 3RS 4 °C5 AR .40 C.
122 st

oK FH RIS 25 8 1 U (EST) 1E 3 T H i X £
JO7 W (MRM ) 7 3 E A7 A 00, A6z 0 28— X6 B 4% 4 i
LR ;B P HE R 5 500 V, BTN
550 °C, A AL (CUR) JE 412 35 Psi, M 25 < (GS1,
No) R B (GS2,N,) FE J1 439 40 Psi FT 45 Psi
(1 Psi=6.895 kPa) .

®1 CLP RERAB=MHRESEH
Table 1 Mass spectrometric settings for simultaneous

determination of CLP and its metabolites

i AT
BT TAT Sl g e

fein (mfz) (m/z) JE (V) J (V) M

(V) (V)
CLP 322.06 2121 78 23 6 10
CAMD  504.10 1550 100 63 10 10
CLP-C  308.00 198.1 70 23 6 10
CLP-G 48430 3079 176 22 11 10
IS 33202 950 76 47 10 10
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10 L I 28 A 5 oim A 50wl & 10 ng/mlL 1S
B Z A5, W€ 3 min,4 °C,4 000 r/min &> 10 min
(VLWEHE ), B 40 L L3, A 60 wL 4lizk 1877
K- HE LB, WHE 1 min,4 °C,15 000 r/min &5 .0
20 min, 50 pL B3E FaEFEIE . EFE 5 pl, 5
LC-MS/MS 7 sl M3 CLP BHARE =M iR
1.24 hhEskur %

/NERBR YR E ' 45T CLP (10 mglkg) , 73 9 T4
24)5 5.15.30.45.75.120 180 F1 300 min HRHIE J5 ¥+
Jk NI 2 30 L T3 A A (g S A 1 4 i
JIA 2 WL 500 mmol/L. MPB) 1, 37 BT 4], 4 000 r/min
20 10 min, 4385 MUK 5 T -80 CrKA T AR AR
1.3 %itss

JIT A S DL B bp 1 22 (ks ) 27, R DAS
2.0 AR P AL 00T i S 2 3h 2 28 0P 4

A

S 47 i 24 ik 2 — i (] T 2K

2 # R
2.1 FEFHIEZER
211 FEFEH

e

BUNRES FIIL3E 10 pl, 3% 1.2.3 #4E 555 [
I % % 1 BUN RS H 3K 10 pl, 23 50m A — &
H# 1Y CLP .CAMD .CLP-C .CLP-G FI IS #5 #E & , %
1.2.3 B4, 45 1l 35 X6 BR A €33 151 B CLP 18 45 24
J& 15 min /NERILSE 10 WL, #% 1.2.3 $#:4F , 15 1 3 #¢
RN S I S (1 AN = (19 | A A N e ]
J I3 BE S AR AL 1, il 2R AR R CLP,
CAMD .CLP-C .CLP-G #1 IS f4 {4 £ i 8] 4 51 A
3.81.4.06.0.87 .1.59 F12.76 min, MK AL &1
WAL B 1 DT 0 B RICR A, Il v P U
BT, BB TR,

7 1500 £ 600 Z 500 £ 600 2 500000
= 1000 % 400 Z 1000 Z 400 < %0000
50 £ 200 | Z 50 < 200 | ij “Z 200000
E ; JMWW } e = o Wyu"n’um h“L m\n\“‘b‘“my\'\ ST MNMMM :: o HT b WA 'llM'n | £ 100 (){)8
=) 01 2 3 45 67 = 01 23 435 67 & % 1234567 & %1 3234567 & 12 3 45 67
=] 7] Cmin ) 3 i) Cmin ) . 1] Cmin ) ] 118 (min ) i Cmin)

B = . _ -
z ) £ z &
£ 250 000 3.80 £ 200000 405 £ 150000¢ £ 400000 £ 288 883 276
Z 200000 Z 150 000 z 2300 000 1.59 £
Z 150 000 € 100000 £ 1000000 0.86 Z 500000 £ 300 000
£ 100 000 | E 50000 2 4 = 200 000-
E 50000 ‘ Z 50000 G | =100 000 7 100 000: |
5 y = ‘ : = - I [ S— = 0
(5 1234557% 0012345677—: DT 2 3 45 6 713 01 2 3 45 6 7 1 2 3 45 6 7

o I Cmin) < 178 Cmin ) = i Cmin ) =] BT Cmin ) 18] Cmin )

G z B z
£ 150 000 3.81 £100000 4.06 < 2500000 £300 000 £ 500 000! 276
< Z 80000 £ 2000000 . = 158 =400 000 ?
% 100 000, I Z 60000 500000, ’ . Z 200 000 =300 000, l
£ £ 40000 1000000 g £ 200000
E 0000 ‘ Z 20000 500000 | = 100000 Z 100 000 |
& | ! E ol ) g0 ok g Py - 7z 0 |
3 B 1 2. 3 45,67 = 72 37456 7 3 0 1 2 3 45 6 753 01 2 3 4 5.6 71 1 2.3 456 7
- 1] Cmin ) < I 1] Cmin ) T Cmin ) S BT Cmin ) 1] Cmin )

A LR BeAS FLILHANA N AR (CLP B A ™ #pniidh s C: CLP #E B 45255 15 min AYMLAE AL
3 3 e O it
B 1 CLPRERBE~HHMRERGEEE
Figure 1 Chromatograms of CLP and its metabolites in mouse plasma
> =y +: —
2.12 &HELHE 25 7%, CLP .CAMD .CLP-C #1 CLP-G %3 %7 0.1~

BB DA RO, KRB A RINR A AR 5 W
Ja L ZS VR ARAHE T AN ZS (I 10 L, 43
5B B CLP ¥ B 24 0.1,0.2,0.5.1.0,2.0,5.0,
10.0,20.0.30.0 ng/mL,CAMD ¥ J¥ } 0.5.1.0.2.5,
5.0.10.0.25.0.50.0,100.0,150.0 ng/mL,CLP-C ¥ /¥
4 50.100.,200.500.1 000.2 000.5 000,10 000,
15 000 ng/mL I CLP-G ¥ ¥ 4 5.10.20.50,100,
200.500.1 000.1 500 ng/mL K5 #E & 25 1fiL 3¢, ¥
1.2.3 B4 HERE 20T il SEE ] R BN ik
Xof o o it VAR FEAE Lk M1 404, TR i 5 I R 0
TR LA 7E O BE VO B R 5 e, b 4%
b W 0 b o il 2 Il U5 R R A 56 R AL 3% 2,

30.0.0.5~150.0.50~15 000 #1 5~1 500 ng/mL ¥ F£
JLFE R A (> 0.99), & FRRM518 0.1,
0.5.50.0 1 5.0 ng/mL,

F 2 CLP RERBI =¥/ R M 2% & i #x 4 ih 2%
Table 2 Standard curves of CLP and its metabolites in

mouse plasma

RN E R
EY P ifE £ r e
(ng/mL)
CLP Y=0.057 2000 X-0.054 0000  0.997 8 0.1
CAMD Y=0.005 9900 X-0.005 6400 0.996 8 0.5
CLP-C Y=0.000 2560 X+0.003 1000  0.992 0 50.0
CLP-G Y=0.000 0206 X-0.000 0278  0.997 1 5.0
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2.1.3  #EICwE M E A K e

BUIG s 3 AN CLP(02.20.200 ng/ml)
CAMD (1.10.100 ng/mL) .CLP-C (100.1 000
10 000 ng/mL) #1 CLP-G (10,1001 000 ng/mL) Ifil 3%
JRPERES A S O, 1.2.3 BAE (FE R AR A
AR ) , BERE AT A5 [ 3 i b 850 A 0 5 AR I
W 1A AR U AE (Rx) 5 73 UM ERZS FT IS 10 L, A IA
bR, 4% 1.2.3 #4E  B AUTIE R 19 B3 A AR A
IO ¥ B B4 T T R B R R 43 T A TSR X
R P Bl A0 A 0 5 P s ) 0 1T FR LU A (Rs ), B[
R R(%)=Rx/Rsx100% ,

5L T AN B i RS GT HE  14  £  ik A T
il 45, SR T AR W TR AL 53 UG P 3 A4
W JE By CLP . CAMD ,CLP-C ,CLP-G Vit A b i 7 T S
PIBR IR, 23 e A A T, I A B4 1.2.3 #4E
AR I 5 TR iy (A SR AU L ) b o EAR S T

IRFE S SERE SR BT A 0 T BN A2, BE AL M (%)=
A1/A2x100%

FACE WAL R 3 AR B K Y B R TR
FHI>80% (84.3%~96.6% ) , H.7 WL BH . 11t J& S % 1o
(98.6%~112.3% ) , 7 Wi K i Ab B J7 3 % 4 A1
B3 14038
214 AREFEA AR

I v e 3 AR () 2.1.3) B9 I 3% Joi 45 4
g 5 0 A IR 1.2.3 AR HERE SR BT R Y H AR E
M BT B ah b B S R EE , Z54%
JEHWN EL 3 d ARG, RIGERE R, H
PN B H TEDHRS 25 B 16 AH 6 A oE A 22 (RSD) #1<15% , 1
1 FE M %R 22 (RE) N -2.40%~5.00% , 42 75 A 7 i
B H N TRDRS 28 B RN o 1 3 Y4 & A W R O AR
SR iz il Iy A FR g AT AT,

* 3 CLP REKH =M /NRIMIEH LC-MS/MS 5 iEHE = B ERE
Table 3 Precision and accuracy of LC-MS/MS method of CLP and its metabolites in mouse plasma

(n=5,x%s)
HN H i
AT gl HUEER? 35S WEE W DAk g H e
(ng/mL) (RSD,%) (RE,%) (ng/ml.) (RSD, %) (RE, %)
CLP(0.2) 0.20+0.01 6.76 0.43 0.2020.01 5.32 -0.72
CLP(2.0) 2.06+0.12 5.95 3.13 2.06+0.14 6.59 2.88
CLP(20.0) 19.55+1.53 783 223 19.94+2.04 10.22 -0.30
CAMD(1) 1.0420.08 7.87 1.40 1.02+0.07 7.25 1.66
CAMD(10) 9.88+0.55 553 -1.23 9.7620.62 6.30 -2.40
CAMD(100) 104.93+5.73 5.46 4.93 103.84+4.52 435 3.84
CLP-C(100) 103.40+3.85 3.72 3.40 104.07+5.09 4.89 4.07
CLP-C(1 000) 1 050.00+85.40 8.14 5.00 1 036.00+65.20 6.30 3.60
CLP-C(10 000) 10 300.00+187.10 1.82 3.00 10 253.30£427.40 4.17 2.53
CLP-G(10) 10.43+1.33 12.74 4.30 10.20+0.80 7.80 2.01
CLP-G(100) 101.80+5.40 5.31 1.80 98.87+4.21 4.25 -1.13
CLP-G(1 000) 1 022.00+38.30 3.75 2.20 1 021.30249.40 4.83 2.13

2,15 #BEK

WG b v 3 VR B (IR 2.1.3) B9 I BT #5 RE
A 20 0 X A A A T EBRE 4 h 5
AR AR AL TS T 4 CCHERE RS AR 24 h R
SRR 3 A AR BE T80 CUKARCE 45 d J5
ARER AR AT, AR R R MR e (S
PRSI AI XTI 2% (RE) YTE£15% U (-6.82~
5.49), #FW CLP.CAMD .CLP-C fil CLP-G 7E iR 4%
AbFR A A T AR PR BT

22 CLP ENRAKRABRISHAFHAR

MR AE bR e IE T3 25k B, 2535248k
H DAS 2.0 F Aot 8, CLP B LA™ $r (%
Y4y 1ft, 24 e B — sk ) i 2R 00 P 2, R E 2GR 3 J1 2R B R
W4, G5RBR/NREEH ST 10 mg/kg 5 &
CLP J&, L% CLP #il CAM HY 3k WA [a] T, Y7
30 min Z N, R B CAM 1% 15 06 B [B) 5 B2 BT e 7
AFIRT A5 8t A Bk [] P A 43 T /MR P E T AR L Z T
CLP-C WV B J& CAM 1924 100 £ , 35 W B[] 4E 5 24



5537 B4 8 W HRAFAK AR I8 ORIBCTAE TR I SE /D R0 e SR T R AR e Y LC-MS/MS i T H

2017 4¢ 8 H 3N 1S [T ] At BERL R A 2 4l (A SR BE ), 2017,37(08) : 955-960 . 959 .
Z 20 =150 = 15000 = 600
eh = B eh
= e = 100 Z 10000 Z 400
= 10 e e =
B 50 & 5000 3200
& ¥ (&) <
S 00— = e o 5 T T
0 60 120 180 240300 5 0 60 120180 240300 3 0 60 120180 240300 © 0 60 120 180 240 300
1A ( min ) I A] ('min) 1A ( min ) ] (min )
2 PMREFEEBHRZ(10 mg/ke )5 CLP RER G =R T 25 M 257K & At 8 #1 2k (n=10)

Figure 2 The mean plasma concentration-time curves of CLP and its metabolites in mice after receiving a single oral dose

of 10 mg/kg clopidogrel (n=10)

=4

MNREFIEEBLRZ 10 mgkg CLP EHEZEHKINFESH

Table 4 Pharmacokinetic parameters of CLP and its metabolites in mice after receiving a single oral dose of 10 mg/kg

clopidogre (n=10,x%s)
SR CLP CAM CLP-C CLP-G

AUCy... (h *ng/mL) 24.4+9.0 131.2+30.8 139 817.0+72153.8 3 681.0+2209.6
AUCq300 (h *ng/mL) 19.3+7.3 121.4+29.0 38 144.5+6777.1 1 143.8+239.3
Cous (ng/mL) 15.0+4.1 106.8+30.2 10130.9+2578.7 397.1+82.0
T (min) 16.0+8.5 26.6+6.6 98.3+56.2 52.5+42.4
Ty, (min) 156.1+£94.0 90.2+61.7 543.1£265.8 554.3+437.2
CL/F [L/(h-kg) ] 473.1£198.7 N/A N/A N/A
V/F (L/kg) 1 649.4+799.3 N/A N/A N/A

415, WK A S AT, UL CLP-C A3 b 4
1 TER N SE BRI ) 4 R g i K, CLP-G &
4t % % (AUC ,C,,,) FHIK0E I (8] 47T CAM 5 CLP-C
Z 8] fHJH BR A 2 2 0 S CLP-C 3z .

%

CLP 243k Rl 5ok iz i M 25 2 —12,
B AR HAE NAR N ) 254880 T 2 R EXT I R FH 25 B
FERFE L, BRI G SCERIRGE T A b
CLP .CAM .CLP-C Fl CLP-G Ifil 24 & & iy W iy o-11-13-200
R Tk = 1E O %ot 00V 25 PR IR B B Ak 3ot
BB, SIS AN 5 T A IR S I A i Ak 3
A RV = N = W o L G =1 L 33
A BRI 2R it 00 S E SR, Sk A T
WS A0 B HLT g ST R 75 vk B b DAAE TR IR
()5 i B R 135200 CLP fl CAM 1Y 5 &= F R 43 51
K E 0.1 F1 05 ng/ml, REEFEER, FREW,
CLP-G £ H i h 23 5 Ak CLP™ 2R Y BE A S i
Bl AH 23 5 M) 7 5 100 24 9 A DO ) AR B L AR SR
FCNEVE R EIAR, kG fer i 4 1) A ) o A 52 i L
e g 23 AR5 AR T CLP il CLP-C, KX}

3

CAM #E A7 i, KN 68 B £ 37 4 CLP W1l IR 24
S 13210 B AE [A] i W CLP (CLP-C Al CAM B | A
30T B R O A T 34 2 € 5 0 1) 43 B B AN v, K i
IR B R 53 B RACR S (FEAS 335 73 25 7 b Ui
Sl AR Ve S 1] 24 7.5 min, I R % RN A A (5
i UG TR B LR A B BN TR ) SRS A
CAM () LC-MS/MS & I 77 2% i 47 1 W 58 1617 1k [+]
W T CLP .CLP-C il CLP-G F Ifil 25 4 i H A W
WS AT Y CAM 1y i 25 vk B2 Y H DA i i 52
ZAEPIE NI A BEF0R CLP J H 25 Fh 32 2400
Y LC-MS/MS #a ) 5  ip FH T/ B i 3 vh, JF 6t
FEIAE /N AR DY 1 254830 ) 22 R AR

BEAh R A S CAM A8 I3 s ok 22 19
AW FE 2R & CAM A7 424 (CAMD) , o] U 2% HL %
fi#t . XFF CLP-C Fl CLP-G [ , A< BiF 53 % FH (1) ik
POk S AT, B CLP-C f1 CLP-G 7K ¥ PE &
o, %R AL QI DLTE B A S BRI K- O
o], ol A A i R K = 2O G B 61 5 0 1 ik sl A —
B, PRUE TR SR B0 X AR, il B 125 700 0007 3 i e g 5

AHEGE B S5 0 R 3 K, ST IR IE T
[i) Hs 3000 2 /)8 LI 2% ' CLP .CAM .CLP-C A1 CLP-G
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