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Determination method of clopidogrel and its metabolites in rat plasma and its pharmacokinetic study

Y1 Huan, MIAO Lan,REN Changying, LIN Li, SUN Mingqian, PENG Qing,ZHANG Ying, LIU Jianxun(Beijing
Key Laboratory of Pharmacology of Chinese Materia Medica/Institute of Basic Medical Sciences of Xiyuan
Hospital, China Academy of Chinese Medical Sciences, Beijing 100091, China)

ABSTRACT OBJECTIVE To establish a method for determining the contents of clopidogrel (CLP), clopidogrel carboxylate
(CLP-C), clopidogrel acyl-B-D-glucuronide (CLP-G) and contents of clopidogrel active metabolite (CAM) in rat plasma, and to
investigate their in vivo pharmacokinetic characteristics. METHODS The Shisedo CAPCELL ADME column was used with a mobile
phase consisting of water and acetonitrile (both containing 0.1% formic acid) in a gradient elution. The flow rate was 0.4 mL/min,
and the column temperature was maintained at 20 °C. The injection volume was 2 pL. The analysis was performed in positive ion
mode using electrospray ionization with multiple reaction monitoring. The ion pairs for quantitative analysis were m/z 322.1—211.9
(for CLP) , m/z 308.1—197.9 (for CLP-C), m/z 322.1—154.8 (for CLP-G), m/z 504.1—154.9 [for racemic CAM derivative
(CAMD)]. Six rats were administered a single intragastric dose of CLP (10 mg/kg). Blood samples were collected before
medication and at 0.08, 0.33, 0.66, 1, 2, 4, 6, 10, 23 and 35 hours after medication. The established method was used to detect
the serum contents of various components in rats. Pharmacokinetic parameters were then calculated using WinNonlin 6.1 software.
RESULTS The linear ranges for CLP, CLP-C and CAMD were 0.08-20.00, 205.00-8 000.00, and 0.04-25.00 ng/mL, respectively
(r=0.990). The relative standard deviations for both intra-day and inter-day precision tests were all less than 15%, and the relative
errors for accuracy ranged from —11.68% to 14.40%. The coefficients of variation for the matrix factors were all less than 15%,
meeting the requirements for bioanalytical method validation. The results of the pharmacokinetic study revealed that, following a
single intagastric administration of CLP in rats, the exposure to the parent CLP in plasma was extremely low. Both the area under
the drug concentration-time curve (AUC:.5,) and the peak concentration of the parent CLP were lower than those of its metabolites.
The AUC,ss. of the active metabolite CAM was approximately
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an liquid chromatography-tandem mass spectrometry method for the determination of CLP and its three metabolites, and revealed

their pharmacokinetic characteristics in rats. Specifically, the parent drug CLP was rapidly eliminated, while the inactive

metabolites CLP-C and CLP-G exhibited long half-lives, and active metabolite CAM displayed a transient exposure pattern.
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P/ MR 25, T2 IKER B AR TR | 28 52 AR 30 ik
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RICTE A ) S A% B R R (clopidogrel carboxylate,
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tandem mass spectrometry, LC-MS/MS) ¥, 33T 1%
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A5 i HI 5T % & 48 API 4000 QTRAP, it A
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tems 23 1) ; WA {631 2 45 4 Agilent 1200, it 5 G1379B
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2.1.1 XA S AT

}5 B FREUCLP .CLP-C .CAMD % #8511 4% 1 mg, 43 3]
T 2 3% figp BB W 58 o0 1 mg/mL fY B — oF B 5 ik
I, BT — 35 CCURKAR T RAT , FEH
2.1.2  INFRIFW

KBS FRIULTD X R 5 1 mg, A 2 1A il ik
&4 1 mg/mL ) P BR A8 s BN AR At S i, DL &
5B, Tl BB B B R 25 ng/mL B N BRI -
2.2 KR I 32 R G R0 BT I 342 R R B0 4 5

43 5B CLP . CAMD i & 5 fiff 7 V068 2, LA S HEH
B A5 B 5 U B2 22 00 20 pug/mL BB — X TR D VAR
b B — X6} R SV S CLP-C o B b s 5 V0 o, &
Tlrl—%afi, LLCER R, #il i CLP .CAMD ,CLP-C
Jo i e E 43514 0.20,0.25 .80 pg/mL [FRMETR & TAE
o B ARRR TR A TARRGE &, Lhas A% (R
A 4%MPB) i B 1045, 57, 15 2145 Bl 40 5T 9 3 433l
47 20.00,25.00.8 000.00 ng/mL FHR 4 ML AL G . 55 HL
25 ML HGE I A [R) 5 v B B AR TR B TAE W,
TC T RS 3 e T FRRIMER L v o YR B 1 Jo 4 I
R (B QCHEA) .
2.3 MERHFRBBETLE

P I L AE 37 °CTF VR MG %5 F L 50 L, A
200 L PIARIA I, W8 HE 2 min, T4 °C 41 F LA 12 000
r/min B0 5 min, U IE R IERE M
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2.4.1 @&

A B 5 i FH (5, 33% 4% 4 Shisedo CAPCELL ADME
(2.1 mmX 100 mm,5 pm) ; sl A MK (75 0.1% H
M) B AR NG (£ 0.19% H R ) , SR AR BE PR (0~0.5
min, 40%B—75%B; 0.5~2.0 min, 75%B; 2.0~2.1 min,
75%B—40%B;2.1~5.5 min, 40%B) ; ifi 4 4 0.4 mL/min;
FETL R 20 °C 5 SEFEZRIR A 4 °C 5 #FFE R0 2 pL
242 FUEAFAF

R FH LT 25 B IR, 76 1E B R T i T 2 )
] (multiple reaction monitoring, MRM) ; ‘<5 ‘AR J& )
R 20 psi; P PR EE A 550 °C, I8 N SR GST 1 R
40 psi, Y5 AR GS2 R 77 0 40 psi; 25 W5 L R
5 000 V; filf 48 < Medium,  F T 5 & 5 #1 1 B F XF
(T CLP-G WA i 8 Xof B, e 28 3 A 4l Sk Az i
WE T CLP-G Y B 1 X5 8 ) AR BT 3% 2 8 3k 1
B o

x1 FURSMAIRHMRM BT EEERIESH

L BEFn:  PEFn:  ZEREN  BEREV  ORENV
CLP 3.1 2119 61 61 16
CLP-C 308.1 197.9 61 601 14
CAMD 504.1 1549 96 9% 12
CLP-G ml 1548 65 [ 11
LTD 383.1 336.9 106 106 10
2.5 FHiEFER

25.1 EJEMHE

F 42,3700 R J5 a0 AL B BRLAS 1 3K L 2s pa
W+ B F PR TAE% W (CLP,CLP-C . CAMD Jifi & ¥k Ji#
4351124 0.08.205.00.,0.04 ng/mL) . K S 25 5 (4525 )5
40 min) IfiL 3% BE &, A e AL B S 5 AN 0 P BRI
Wo BULIRAAR S, $22.47 T A5 5 Bl AU RE o
B, iCE MRM &, 25 5L o 45 1 o0 A AT A0 25
SR UT, A5 L A P IEPE Y R T4 CLP . CLP-
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U, ZERILE 1T CLP-G JCT X E &, I E 1
B/ CLP-G RS 5 AR L ERS )
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252 ZRPEXRRFE

B2, 27 00 AR M 2R AR Sl i, B RS L 2R
FBNURE (LM RRUE ML RE S SR JE H2.47 00 44k
FESTHT , LATEDN B 43 o vk M R A b () R 8 o 5
DA s 1) 068 T BB DA AR B () FEA T BT 43 H7 , 5 5
22, SR EIR, F RN SRS VR S RN
BA B E R (,20.990) , CLP . CLP-C HI CAMD
[ f N R4 3114 0.08 ,205.00.,0.04 ng/mL.

x2 CLPRERGFHNEMEXRZEZRLR

F4 REMPHEFUNRSTHEREERER

Fl B/ (ngimL) HFAT(Es) ARARR
cLp 051 0.67£0.06 847
320 0.63+0.06 1023
2000 0.64£007 1026
CLp-C 512.00 1222011 8.90
128000 100004 352
8000.00 100006 5m
CAMD 0.10 088£0.11 1261
400 0.77£0.05 6.99
2500 0.68£0.06 8.58

(Gl frl r LI (ng/mL)
CLP y=0.010 60x+0.000 334 0.996 0.08~20.00
CLP-C $=0.003 03x+0.000 430 0.990 205.00~8000.00
CAMD y=0.010 81x+0.000 308 0.991 0.04~25.00

2.5.3 4B IR 5K

HR“2.27 T 45 W43 2 T BRAMIG b L v o i vk
1 QCFE S, #5“2.37 T 5 AL BR , SEA T 4 5 43, il 3
H HRE 24 HARAERN LR, 23 BT 8 QC R i Ay SN o ek
B, LAFHXS B v 22 (RSD) PEAIN 1 7k (49 H P9 A H T
KG9 B, DS PR I v B 5 P I v B A AR X iR 2
(RE) B Z e G5 R WLFK 3. 25 R WR, bhEsE T
B QCHE A, £ LA L L v Jo 2 R 32 119 QC i 1Y
H P . H [ 2 B 79 RSD 34/ T 15% , E#f & A RE N
—11.68%~14.40% ,£5 & HE WIS AT LK .

3 AXRMEPFURSNBZEMERELR

R T

WA (ngl) (55)ngil) RSDI%  RE/% (5t5)ogh) RSDI%  RE/%

cp 0.08 0.09+0.01 83 67 008001 908 549
031 0.53£0.05 873 435 0341004 700 630
30 3.16£020 619 —131  308%0.8 51 =37
2000 1926£123 641 =370 1894£087 461 =530

e 20500 17240740 429 —1590 1850741253 677 9T

512,00 5822013161 S 1B 5198712452 43 1326
1280.00 1440.00£44.72 3L 1250 14433315233 363 1276
§000.00 710200213480 190 —1123  7006.00£191.56 271 —11.68

CAMD 0.04 0.04£0.01 18.61 6.13 0.04£0.01 1581 152
0.10 0.11£001 T18 1440 0.11£0.01 9.56 9.80
400 4.08£0.53 13.00 190 3962035 893 —1.07

25.00 22901325 1419 -840
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BOk B 6 HURR R ER A9 2S Fme 4% 423730 Jy ik
AEBRFS RN AR )15 328 F S RE i, TR BRI
AN [ o Vi B PO PR TR A TR, RIAHIG L
BB TRAE S, SRS #5242, 47 TR S E e e A, DA
R 8355 P bR A 08 T AR 5 [R]3kEAE 43 B 2 AR ) 0 ol
G FI AR A B, 38 2o AR B o 5 Al A
43 B U TET R AR, 3 F A I8 43 0 P b ) L o PR 7, 28
WARIH—AL 5 PR L840, 45 R LK 4. S5 R IR,
IS P L R A R B A 2 bR IE — AL e,
51 T 1728 53 R B/ IN T 15% , D8 B L Rl 88/, 44
G HEYIRE R AT TR R
255 FaEMEEE

FE 2,27 0T Tk L A5 A B A3 A1 e T R

2338203 953 —648

-+ 1602 - China Pharmacy 2025 Vol. 36 No. 13

1 QCHE i, B i Wk ATl 48 3400, 4% 2.3 T N )
AL, AN E Y QC BE A TE IR UCE 2 h HERRR
JiE 24 h,—35 °C'F [ S VRl 31K S —35 °C M i1 7 il
PR . 453N, FEdhH CLP .CLP-C fiICAMDYE I+
R FHIRSD Y INT 15% , il e AEDIREAR ST R .
2.6 KRR CLP.CAM ., CLP-C #1 CLP-G BYZ55h =
5
2.6.1 2 SFESIE

SCUGHT R BAS A RAE K 1 d, HL6 H R Ryl
CLP(10 mg/kg, 7l EARYE I R SFRHOR S5 , 705 T4
ZHTT 4425 )5 0.08.0.33.0.66.1.2.4.6.10.23.35 h i,
AR SRR A S R A BRI 247 0.1 mL ZEJF E AL B 048 (4
PRSI 3 WL 5k SR 500 mmol/L A MPB) , 7. Bl
FEAT, T4 °CEAF T LA 3 500 r/min 250> 10 min, B35
2.6.2 2B ERARA I 5 530

K H WinNonlin 6.1 24 5 g9 3E i SRR TR 4 1F
W53 1R 245 812 S0, T2 25 -1 il 2, FLAAR LR 23R
FHA R (f1) IR P (Cona) IR WA 1] () 245 Rl 2K
R (AUC) R S22 AT B R D x + s TR, BLAR
W25,

~ 06 ~ 8000
205 E
?0.4 6000
= 0.3 £ 4000
02 ¥
o % 2000
|- =
04 Bl
0 5 10 15 20 25 0 5 10 15 20 25 30 35
t/h t/h
A.CLP B. CLP-C
512 ~ 18
E 10 E 15
2 s 212
=6 =9
B o4 ® 6
Z]E)! 9 i
. 0 =
0 5 10 15 20 25 30 35 0 5 10 15 20 25
th ih
C. CLP-G D. CAMD

B2 KRMmEHCLP RERG=HWHIZ-F ik (n=6)

P& 2 A 00, B ' CLP 5, R R v A CLP
T TG, H AUCosn . con /N T BUAR T AT 5 15
PERI Y CAM (2L CAMD 1) [ AUCous50 24 CLP 1 43
5% H 13855 (2.53 h) s TEIGE AR CLP-C (1) 255 & hy
fe B I8 08 A 3R LW BR 2212 5 CLP-G 19 AUCos0 294
CAM [y 413 , Ho 1.5 CLP-C 2l .
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x5 KRMFHCLPRERBE=UHZAINFESHLLE
B (x+s,n=6)

el fih [ Co/(ng/mL) AUCys5,/(ngh/mL)
CLP - 0362034 0394021 0324022
CLP-C 9552171 LITE142 5418332238851  65246.7412133444
CLP-G 10202212 0.61£033 6791483 53.40126.61
CAM 253+1.89 068040 13.57£8.51 13.80£9.58

— L JERICLPAA I 25k BEREA , 30 50 AR B S (2 - 28
PRI A A5 o,
3 it

CLP YERIG IR 12 N BT MR 259 , A2 24
FRGHRFAE DR 2 T X L 22 AR Bl 43 [R) A A6 D0 1) ik
TEPEAC Y CAM W] B 35 ) W25 %4 8h 712547 R 5 AR TG
5% CLP-C FIl CLP-G & 25 fE iR N 1) £ B R TR,
JEVPAE CLP A= 1y ) FH S IV IR 3 5% AL 1Y 3 B 45 A
PRt [R5 A CLP S Z AP 2 Bt CLP AR N it
PR, SR, o AR R K B A R, B
J715 Z2 K CLP o H: s — R ™ ™, X F b1 CLP 1Y
R A R R R . FEF I, ARBFST S T LC-MS/
MS iE AR 430 CLP B A ik P 2.

CLP-G1EH BErh 55640k CLPY, N I ARG 4 ARl
FHZEVE R, LAk G P EEECHI 5E v B2 A 52 o 3%
PG ™ ) CAM PR 78 U 5 50 3k, 76 135 P A A B
U TR ARG AE I R TS i A MPB #E1 T A1k
3 3 MPB H B IR 5 T 5 CAM 8 3 5 & 2E SR A% U
S, A2 LA RGRE AT A 7 ) CAMD ., CAMD X B iy
FEAEVETH LR 1 1 00 S AR (2 > S A 4 1) 4 B B ]
5390k 4.0 4.3 min) , {H R FRUAA P9 ARG H £ B 15T 1) oy 4.3
min 1 F 0§, AR BF ST 7EXT CAMD 5 =i, DL 06 i &
TR . FIA, BT RS AS CLP-G A T 5 X 1]
i, BOASHIFSE 22 SCik i B T B T XHE R L IR T
CLP-G 5 CLP-C #UZ5 A AL AR , # CLP-G W TR R
fRA CLP-C (bR b4 T 2 1t 537 o

ARWF5E 245 527 45 5 R , CLP 16 K U Ny R i 4
1% ELWOR G T B L TS PR G CLP-C o H 32 ) 57
e, 5 AH IS5 AT, 16 A CAM 11
AUCo55, 2970 CLP 19 43 4% (B W1 (2.53 h) , i T
HEA AT — B R IR 5 P2Y 12 ZARSE & 16
PR LR A B T BRI R A B T AR R PR
I /N 2R 245 25501 TR) B U 20 il S L o PR PR TR T 2
CLP R 2 Hh Y = ZAR U , 24 CLP 5 MR T % 5%
1 PG g T VG 40 506 FH B 2 R O 56 4 1 00 ) 4 i 1 48
CLP G A2, 245 el ixX v fig 5 CLP-G 5 CLP-C
F 2K (9T 9 h) , B FEIR N = A B RUE &

Zg LT, AT ST T E CLP K H: 3 Rl
=) & ) LC-MS/MS i, IR T HAe REIAR N Y
2B F AR L JE R 258 CLP ] Pl s vt B, i JC s AR
¥ CLP-C 5 CLP-G ¥ 2 K2 3 R i | 16 AR
CAM 240 B Z R A
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