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Abstract: A method of liquid chromatography coupled with tandem mass spectrometry
(LC-MS/MS) method was developed for determining clopidogrel active metabolite
(AM) in beagle dog plasma. LC separation was performed using water containing 0. 1%
formic acid and acetonitrile as mobile phases with the gradient elution at a flow rate of
1 mL/min. Quantitative analysis was achieved after the chromatographic separation on
an Ascentis C18 column (5 cm X 4.6 mm X5 pm). The electrospray ionization (ESD)
source in positive mode and multiple reaction monitoring (MRM) were used for the
detection of clopidogrel AM derivative (MP-AM). The sample pretreatment conditions

such as the extraction method, the derivative reagents were optimized. The alkylating
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reagent 2-bromo-3’-methoxyacetophenone (MPB) was used to stabilize clopidogrel AM
in blood. Blood samples were centrifuged immediately after collection to take plasma and
MPB was then added. Protein precipitation with iced acetonitrile (containing 0. 1% for-
The post-extracted
The lin-
ear range of MP-AM is 1-1 000 pg/L, and the linear correlation coefficient is more than
0.995. The method has no matrix interference. The recoveries of MP-AM range from
92. 8% to 95. 1% at three spiked levels of 2. 4, 24 and 800 pug/L with the relative stand-

mic acid) as precipitation solvent was used for sample extraction.

samples were analyzed by LC-MS/MS. The peaks are narrow and symmetrical.

ard deviations (RSD) less than 8. 27% (n=6). The intra-assay/inter-assay accuracy and

precision are all acceptable. The method is simple, accurate and robust, which is suit-

able for research the pharmacokinetic of AM in beagle dog plasma.

Key words: clopidogrel; clopidogrel active metabolite; liquid chromatography coupled

with tandem mass spectrometry (LC-MS/MS); pharmacokinetic
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AM S5 5 A0 T Sk fE A IR A
R RE » BT AL 2500 St B A7 A AR AL DR B s R
S A% T PR QI B9 AT AR e B (MP-
AMD s 7550, AM & A BRBE » 010K A S Y
P Tt o W5 AL A ity >R 8 N 5 I A T 400 1 59
H AT MP-AM 5 4 43 87 25 77 75 1 3] 2
A3 Az A IS TR B ) DR 7 A TR 20 B i 3 A
R I) B R i Ak B 22 3R P 181 AR A ORI -
ESIES STNDE S (R

A S5 AR I A T T 00 18 590 AL 1 €
ZEAE TR A i AL B S RS T B 4 S S
{6 PR R AT 20 A » A B ST — ol o A AT
Jr AR 23 B 5 1%

1 XBWTR
L1 & 2@ Rk

APT 4000 AR €435 K B34 . 56 [ AB
Sciex A F) 7= BR A 3 [E Applied Biosystem
O E R 55 B - U5 LA & Analyst 1. 6. 2 %48
A FRARAF 5 R O €53 R 40 - 36 [ Agilent 24
H) 7= i s Sartorius BT 25 S 4047 KF . 2 H Sar-
torius A 8] ;7 i BB A% (2001 000 pl): £ [H
Eppendorf 2 @) 7= ¥ ;s Legend Micro 17R i J&
B O ML 2 E Thermo 24 &) 7= s QL-901
Vortex it it A%« ¥ '] AR DUJR 28 5] 7 s
MDF-382E(N) 7k 4 (— 80 ‘C): H 74 Sanyo /3
H] = s BCD-206 TXB VKA (4 °C) - =1 /R A
il

SUMEAS B (b5 20150101) : K+ I RRA
A7 B ZR OO (A5 Q01130302) - Jb 5t p Al
257 7 i s NH, HCO, L 2-1R-37-F L 2K 20 -
& [ Sigma 2 & 7= 5 s MP-AM %% (5 mg/L) .
& K28 20580 2% (TRO) A 7] 72 i s L1
(fai% 2l 36 8 Sigma 23 \] 77 5 HER (43 H7
gl At st T R RO W T ARG .
1.2 LW&EH
1.2.1 k& A% M Ascentis C18
(5 ecmX4.6 mm X5 pm); i3I : B CA)-
0. 1% H BB ;% 1 mL/min; & 40 C; 4
AR ILEE 4 °C s iR 20 p s 6 BB R I A2
J¥:0~0.3 min(45% A),0.3~1.0 min (45% ~
95%A),1.0~2.5 min(95% A),2. 5~2. 7 min
(95% ~45%A),2. 7~4.0 min(45 % A),

1.2.2 Fui &t EST &7, B8 1A gy
K5 B F WS E 5 500 V3 B TR EE 500 °C;
PR 1(GS1.N,) JE F7 0. 31 MPa, i 4 A,
& 2(GS2,N,) & #7 0. 28 MPa., 555 54K (N,)
JE 77 0. 17 MPajs 2 J b ) (MRMD 494 75 =X 5
MP-AM J Ik 2% SRR (14 fif 7% f Hs (DP) 43 331 2y
70 V1 35 V, filf i GE i (CE) 43 51 Ry 26 eV Al
19 eV I3 % & 0 A 19 & 5 ] 43 i o om/ =
504. 1—>m/z 354. 1 (MP-AM) 1 m/z 436. 0—
m/z 386. 9 CHLIEWLER) .

1.3 BKREH

1.3.1 PR RFNFEWABCH  BOS& 5 mg/L
MP-AM it 85 » JH S WG-7K % W (50 = 50, V/V)
Bt 155 5.15,50,150,500,1 500,5 000 pg/L
MP-AM F5 i & 5 ¥ W o5 BUiE B MP-AM fif
i 2 E-7K R W (50 ¢ 50, V/V) s B 15 3|
60,600,20 000 pg/L J5t 4% TAE W IR I 44
AT 4 Cokdid . 5 1.

1.3.2  WFTARRMICH  HEFRIL 10. 52 mg
WA, MBI MR 1 /L AEN
i W T 4 CURA PR AE s T 2 K
(50 + 50, V/V )R fils 0 MR B 22 25 pg/ L AR
TAEWR T 4 CokF P P~-AF .

1.3.3 fiiAfbilm i BGE & MPB, H
NG TR I M B % 100 mmol/L, B B .
1.3.4 NHHCO, #gmich]  Bads NH,HCO,,
FH 0.5 % B K R B % 200 mmol/L, £ .
1.3.5 R0 i 700 - SR e R IBGE R
B 10 E R B % 20 mmol/L, % .
1.4 RAEMHZ REFERESHRRMEDER
hh3E

141 ArufEdh £, BRsspe an il 5 20 i & B
20 pl. MP-AM 47 #f 58 51 %5 & » B il i 25 18 0
Y MP-AM i 3% v B 43 3124 1.3.10,30,100,
300.1 000 pg/Lm i iy 26 A f %5 W s 75 BL 200
p L A TAR VR BE A0S TR I 4 MP-AM i 3¢
VREE AR5 2. 4,24 .800 pg/L JB#5KE SR TR -
O3 % RAFE T — 80 CUKA . A ol AR A
TR 20 B .

1.4.2 bR s Ae s b8 50 pl 2
Be i &7 i A v il 2R O350 BRSOV A
50 pLNFR 100 pL. NH, HCO;,100 L ZJiE#I
700 pL YK 100 W R - I W A TR HR ¥ 60 s,
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T4 CE.LHLLL 13 300 r/min 8.0 5 min, B
20 pL BUEWE SR i FE R SRR S0 .
AR E KR S MP-AM 5 P4 A7 i T A1
W R Z80 1/ X 3R 17 /D e e 1k [l
A5 #7453 MP-AM 7 LA R i 35 v e B2 1Y
FrifEh 2. /n T &l 3.

207 1=0.024x—0.00161(-=0.9967)
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Fig.3 Standard curve of MP-AM in beagle dog plasma

1L.4.3 AYHESCRE AL FEPLER 3 2
FeAs R 42500 12 h 28| Aok, # B 4%
2y, g5 250 it 6. 6 mg/keg, SR AT HOA% R I KR
bk B 77 3, 23 T A 25 ET O h Mg 2 e
0.083 3.0.25,0.5,1,1.5.,2.,4.6.,8,10,12 h &
£ 2 mL A, A 22 5 1 B 0 R AT
R M CRIMVE BB BT 4 CE
HLEL 13 300 r/min B0 1 min; B 50 pL B
JZ LT 2. 00 mL 477 0 B A8 A B 50 L N
F7.100 pI. NH, HCO, #1100 xL. MPB, i i 4
¥ 30 s, kG 10 mins 5 J5 A 680 pL 7K
16 FR- LI W IR TE R ¥ 60 s T 4 TS
HLLA 13 300 r/min .0 5 min, FIFR T —80 C
PRAF R

2 ZWHER

2.1 AE¥EER

2.1.1 LJEPE BU50 pl A R ZS (I . 4%
L4, 2 795 J7 1 A 30O 3 FE 53 B 5 55 BOZ 3 L A
RG24 5 R 0 MLSERE s 2 1. 4.3 19 7 4k
BRI HERE ST A58 3 R TR 4

2.1.2 RAEER B 20 uL 10 pg/L 1)
MP-AM #5 e AR %W HA% R 25 B i 3% e
A1 g/ L ISR HE B 1L 4. 3 T b

FEHEAE I3 FE M E 6 A PATREA i i T IREK
o TR 1,

MK 1 A LLE H, MP-AM 1 #fE iy i 34 75
80 76 ~120 0 Z [8] , FH XA 1 i 25 /N F 20 %0 156 B
MP-AM (&t FRRA 1 pg/L R UER AT SER) .
2.1.3 KEW SRR HIHOM R &S I K
Beifil 2.4.24.800 pg/L 3 /> Uk BE (Y JoT 25 4
(B BE 6 D PATREAD | DL 28 284t N R % )2
ANERA B 5 55 R LB AT B AR VEAE o — [R] 2R . 2%
G (R PARE i 1) 0 3 FORG 3 E, E 2E a 3
KV IR R . SRR H
DA TR X s 9 i 22 359 /1 1506, oE A FE AR
E15062Z P9, U6 BZ 7 L A R R
U B RAPRAIE R 1 A P R o 0 i 1 A 1
2.1.4 BTN HARBCENR 20 pL H
JE A 12.120.4 000 pg/L ) MP-AM 5 i 5 51
W A KRR 2.4.24.800 pg/L.iRA
W51 )G 4 I 50 L M B AF B9 A 50 pL
WhR. 100 L NH,HCO; 100 pL Z fif A1 700 pL
LW BRI i eV A3 60 s, L 20 pl I
TH VBCHEAE 43 A 0 04 T AR 23 3012 Aee am~ Ass o
JHI50 pl 25 RS R M3 . 100 pIL NH,HCO;
100 pL Z B 700 L 1% FRR-2 05 5 T8 A
FEIRA 60 s, T4 CE.LHLLL 13 300 r/min B
O 1 min JFHCEVE W 45 50 oL #i B 2
2.4.24.800 pg/L By TAEW M 50 pL AR, IR
BETRE A 60 s, HEAE 3 B, W 0 T AR 3 0
Bup am~Bis o & BCIR] e #8 = Cifi A7 Jo 4 0 iy A
A) X100 % » 3 AL = (B/A) X100% ., #% I
W AR S MP-AM [ 4 47 05— 1k 58 5 4k
Ml F (matrix factor, MF)CV<(10.15% .{I% .
o 3 MU R MP-AM £ B[l 050 43 1) R
95.1%.92.8% ., 94. 7%, PN b 2 B 8] Yig R Ny
96. 7%, HA I T3 2,
2.1.5 FaElE Ml 42 WhnHEEIR
T RS E R AR S A 3l R A AR E PR
(2.4,24,800 pg/L,3 A8 B4 3 447 Kk
A JFHE 1403 WA AL B UL B 1T R
0 T EIRBCE 2 h, BB BEAE AR ICE 2 h J5
FEOT T s B 1 4. 2 95 5 ik o KO R AR R 8
PERE G B S VR Rl R E PR RE A, 4 i BE AT
—80 CUKFI KA A 30 K K& 3 K kil »
TRFE IR, A3 I b B R RE BT A R R
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Fig.4 LC-MS/MS chromatograms of MP-AM (left) and IS (right) in beagle dogs plasma
*1 MP-AMEETRNEBRE HERBEE
Table 1 Accuracy, mean and standard deviztion of MP-AM’s LLOQ
FEIE VR B FE 5 4 Bk A E T B
Theoretical concentration/(pg/L) Sample name Measured concentration/ (pg/L) Accuracy/ %
LLOQ-1 1. 10 110
LLOQ-2 1.11 111
LLOQ-3 1. 14 114
1. 00 LLOQ-4 1. 05 105
LLOQ-5 1. 08 108
LLOQ-6 1. 16 116
¥ME .11
A 2% (SD) 0. 040
A SRERECV) /% 3. 60
fii 2 (DEV) / % 10. 7
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Table 2 Concentration, accuracy and standard deviation of quality control samples
Concentration of quality control samples
2.4 pg/L 24 pg/L 800 pg/L
A5 v 2 A5 v W75 v B2
Measured WA Measured A Measured B
Accuracy/ Accuracy/ Accuracy/
concentration/ concentration/ concentration/
(pg/L) ” (pg/L) ’ (pg/L) %
Valol 2.47 103 26. 2 109 704 88.0
2.52 105 25. 4 106 759 94.9
2. 48 103 26.9 112 798 99. 8
2. 30 95.8 25.9 108 762 95.3
2. 68 112 23.7 98.8 746 93.3
2.39 100 22 91.7 720 90.0
HNHHE 2.47 25 748
b A AR Al 22 0.128 1. 82 33.3
e 7E 5 R H/ Y 5.18 7.27 4.45
2/ % 3.06 4.17 —6.48
Valo2 2. 46 102 24. 4 102 759 94. 9
2.18 91 23.2 97 748 93.5
2.14 89 23.4 97 783 97. 8
2. 67 111 23.8 99 743 92.9
2.45 102 22.9 96 767 95.9
2.34 98 23.4 97 731 91.4
HE R B fE 5.97 24 755
b A AR Al 22 0.565 0.53 18.5
HEI A 5 R H % 9.47 2. 24 2.45
R/ % —0. 500 1.92 —5.60
Val03 2. 30 95. 8 22.6 94. 3 749 93.6
2. 39 99.7 21.9 91.2 693 86.7
2.67 111 22.5 93.7 722 90. 2
2.19 91.2 21.9 91.2 699 87. 4
2.22 92.7 24. 4 101. 8 739 92.3
2. 50 104 23.1 96. 2 688 86. 0
N P 2. 38 23 715
b A AR U i 22 0.182 0.95 25.5
WAL S R E 7. 64 4.18 3.57
R/ % —0. 889 —5.26 10. 6
L8] 24 2.41 24 739
HH 17 A 7 Ml 22 0.168 1.51 30.7
HEE 22 S R H 7 6.98 6. 34 4.15
He W 2/ % 0.35 —1.02 7.57
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W] o B (2. 424,800 g/ L) B 5 310 5 fi 400
FY 4 FE AT AT 60 0 22 248 T 15,9, S sl
V7 v R L E
W5 0 4 1Y 5 vk BE FIAIG Mk BE MP-AM il % 200f
WBR TR T 4 °CHCE 15 F 5, 55 97 6 10
F A 17 e 2 MEP-AME il Py b 110 3 — [ 8 g 1o
A T B RE 3 UK L K T 2 0 T AR o —

2SRRI« P - S e TR Y MR 22 /N T 1504
EWIX PR TAEMCT 4 C kA e 15 K
2.2 HRINFEER

Pk R H 4 6.6 mg/kg ML H 5
MP-AM f9 1f 2 e F2-1f 8] iy 2678 T & 5. BAK
ESE AP 3 C SRR

Time/h

5 HERRAHFME P MP-AM
14 1M 4% R FE- e i B 2% (n=3)
Fig.5 Plasma concentration-time curve
of the active metabolite produced after oral

administration of clopidogrel to beagle dogs (n=3)
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Table 3 Pharmacokinetic parameters of MP-AM in beagle dog plasma

BSR4 . B CE bR 22)
o g i RS 1 M RES 2 HERHES 3
Pharmacokinetic Mean( + standard
Unit No. 1 No. 2 No. 3
parameters deviation)
0~ 2y i 28 R m A AUC0~0) (pg/L) + h 500 473 431 468(34. 8)
ZIF 4R F A AUC(0~c0) (ug/L) + h 508 483 607 532(65. 6)
M 1) h 3.35 3.50 3.22 3.36(0.14)
TR WIS F] £max h 0. 500 0. 500 0. 500 0.500(0)
MRV, /F L/kg 37.1 10. 8 53.2 43.7(8.43)
R CL,/F L/h/kg 7.67 8. 08 6.43 7.39(0. 86)
WY B Crna pe/L 286 345 358 330(38. 4)

2.3 Wig

2.3.1 RiEACRTEREOR DY AR RS TR O b
RZAEMY . EAIRZ KT ZA% & si LA
PP AT O R AR IE S R R 0 HAY
A A I I B DR AP AR R 0 Al O L X R T
ELREE W E S5 R A HER R . BE R IX — AR
AR SEER R AR BT LA e . 1D S22 A A
UK R BEAT R LA AR TS L 3X 2 il TR IR A5 A
T BTSRRI N AR TR R Y
P Tt O 1 R E I o K50 1) HE R A 0T I
sty SR S I SR L F S0 A B A R
(RECEVIN N R o N A R Y O N B
00 D 9 AR S B P AT ML AR 2T
B Dy T Al A0 A4 )+ S5 6 e e v i B D 4

70 e R ek R S O L e BE e AR K AN B 5
AU ) P R P A R T DUAE SE R AT R AT T
R I L IR (19 % %6 AL T A 52 5 A g il 4
il 70 B 9 JEE

2.3.2 FRAARAPE SEAR R TG PRI Y
T S L AR A S RN ARE B S SR A B
5 HA A W) Ry 1 A e 1 IR 45D 45 45 TR i
ity S AT AT AR ALY . AT AR A AR PR X T
A O H B, O A S 4 o AT 2R A
R B ITAERE S >R 4R )5 2 min PN 58 180 XA
AT LLORIEAS TR E 1 30 56 18 -5 A7 A A 150 S L i
AR S S A T A ) T
PRt T A RAIE . 7R IR A b 38 X A AR AR
BEIF B MPB A 34T T 5%
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1) OB O [) 0 26 0 R o s AR SR AT
A A R S B RE S AL R IR R R — B
££ 5.10.20.30 min B[] 25 ) MP-AM ¢ i {f .
SERFRM RN 10 min AT N 58 4 .

2) MPB it A &t 22X 7E K & Hom A 50,
100,200 mmol/L ) MPB, %l 4 Mk &R 1.
RFR 2 AR R 3. 455 & B0, A A 0 24 90
R TP ER TR R 2.6 R 2 flfk
R 3 IMAFM LS KB 20 . HIk, 4k £ m
KR A 100 pL 100 mmol/L % 34k 5) .
HI T MPB 5 23R OG AR A7 A 2 N2 7 i ' 4%
AT

3 &g

ARSI JT ST ) AT T IR G T SRR AR
WIRE S 7 1 A B E , F o B ORG  E E RT A
[ %62 i 24 5 B4 PR R (CEDAD i+ 56 %2
SR o H AR A A b e L R A BB A% S B SR A
BT M A P A B A AT T R ST A
TAR BN T F TN
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