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WA E AR M (CAM) 8940 & 7 ik, SR A N 5 4548, F5iE VA Shisedo CAPCELL ADME # &3 4%, /KFe T
(394-0.1% F B8R ) A RS ARBATH 2R B, A% A 0.4 mL/min, 238 4 20 °C, #4842 uL; Rt R AL 5 & F R, ELH
FREXTHATZ R BN, BT 355 A m/z 322.1—211.9(CLP) .m/z 308.1—-197.9(CLP-C) \m/z 322.1—154.8(CLP-G) .m/z 504.1—
154.9[5M3% 7% CAM 47 £ 4 (CAMD)], 6 R KRk # § CLP(10 mg/kg) , 2 #| T4 259742425 )5 0.08.0.33.0.66.1.2.4.6.10,
23 .35 h B M i BF | R LSk 2 5564 77 AR i F & o8- F , 5F AR WinNonlin 6.1 #4325 30 2 24, 45 CLP.CLP-C,
CAMD #4 i 8 % JE 5 #) ££ 0.08~20.00,205.00~8 000.00,0.04~25.00 ng/mL ;& B R £ % & B33 (,=0.990), B 1, B W45 5% &
K B RSD 34 /N T 15%, A 74 69 RE 4 —11.68%~14.40% , & i B -F 69 £ 7 24039 T 15%, e AWM o ir k&8, %
HERRLERI T, L REF CLP )G, K R R A CLP & E ZMAK, 2 25-88 W & T @R (AUCossn) MR D T AT EA
W B AR CAM #9 AUCo550 29 4 CLP #9 43 45 2 2 #4543 (2.53 h) ; BB AR CLP-C ¢ R E F R & A28 iR A ik
PR %1% ;CLP-G #) AUCos, 29 A CAM 89 445, - F % 815 CLP-C i, i AR R E L T M E CLP & L 3R M = 45
8RABETE BRI PR T T R AKX KR A6 3h F A, Bp R A 254 CLP TTALIR & F 1k, M L& R4 CLP-C 5 CLP-G
HERF TR, SRR CAM 245 R EEX,
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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:.54) 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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h). The inactive metabolite CLP-C exhibited the highest
exposure level, but it reached its peak concentration the latest
and was eliminated slowly. The AUC.:5, of CLP-G was about

WPEZG 2025 4F5 36 4555 131 China Pharmacy 2025 Vol. 36 No. 13 -« 1599 *



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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SN A 5 (clopidogrel , CLP) J2& — il & Wy I i i 2%
B MR 259 , 75 2M: e DRER -5 R TR L 28 Bz e IR 30 ik
A AIRTT Bt 1A Filg 2 v i A B v v B E I R
X 1Z2ULIH AR, 29 85% Y CLP il i ¥R IRMRAE 1 /K fit
RICTE AT ) S A% B R R (clopidogrel carboxylate,
CLP-C), BifiJ5 28 T AHAR G A B S A B 19 3 -6-D- 4 b
[ 1% (clopidogrel acyl-B-D-glucuronide, CLP-G) , H H A
24 15% (1) CLP Z23:f 21 Jifd {5 25 P450 if§ (cytochrome P450,
CYP450) Ak A B L i S B T MEA ™) (clopi-
dogrel active metabolite, CAM) ; Ji5 & i 12 5 IfiL/]Mi 2 [f
P2Y 12 Z AR S5 & il i /R 2R 4E | AT & 35T /M
PER™ A,

CLP W25 3l kR o 52 %, LR AL 25 ) 7 i 2 v
B Ve R A A, LA 4 CLP-C 78 I b B v JE s i ™
BARFLIIRFIE £ B, CLP-C 5 CLP IIfi R 2558 A e 4%
85" 7 A5 A WSS L ORIRBERG 1 i TG ARk 2
CLP-C ¥ &, DT (8142 5% M) CLP A1l RYT 2™, itk
AL UL, %8 CLP it 28 245 4 J HC T 1/ TG 0 PR A ) 1 e 2
AR AL AT R B W, X R B AR AR R A 4G
2507 BRI RS T R B R, Hir, RO A XT
CLP py ARt BF 5™ ™, {H & 5¢ T CLP, CLP-C ., CLP-G J%
CAM I 22 B8 RH1IE S 2 8l 2 S 8BRS ATh SR B =, T X
— WIS RT A ELA AFSE  im R G A B AR 2
Tt , AW 5 0 4t 7 [ B 22 CLP ., CAM., CLP-C J¢
CLP-G 7 5 [ AR 15 BRI BT 1 (liquid chromatography-
tandem mass spectrometry, LC-MS/MS) ¥, 33T 1%
BT HT 13 A AE R BRI S A REAE , LA CLP Y
Il R R LI 555
1 #
L1 FEUE

A5 i 1] T % & 48 API 4000 QTRAP, Bt A
Turbo V™A B T35 AR SUR LB B IR LA
Analysis 1.4.2 80540 B R 45, ) H € [E Applied Biosys-
tems 23 1) ; AT {633 2 48 4 Agilent 1200, fit 5 G1379B
WAL G1312A 03R4, W [ 92 5 Agilent 23 7] ; DW-
FL362 71 8 {1 i oK 46 0 3 40T 58 22 4 A BR 2 ]
MS205DU UL F-43Hr KA B Bt Mettler Toledo 28 7 .
1.2 Z@m5iRH

CLP X B8 5 (L5 100819-201504, 4 & 99.9% ) . 5.
T il 5 (loratadine, LTD) X B& & ( N 4% , it 5 100615-
201404, 4 i 99.9%) W [ v [ 12 5 24 i e e B 5 B 5
CLP-C X B (35 11-ZCA-53-1, 4l ¥ 98.0% ) . M fig
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CAM 5 2E ¥ (racemic CAM derivative, CAMD) X I /i
(k5 5-MNZ-188-22, 4li & 98.0%) 414 [ /N4 K Toronto
Research Chemicals 2\ &) 3 2- 7R -3/ - B 48, 3 7% 2, il (2-
bromo-3’-methoxyacetophenone, MPB; It 5 STBF4711
V, 4l 98.0% ) I [ 3¢ [ Sigma-Aldrich 23 7 ; Hi B2 20 &
A% B R (A5 TAB05, HLA% 75 mg) W F FE35TE (B)
il 25 RN W) 5 o 4l R I H € 16 J.T. Baker 23 ) 5 8
i 2l HH 50 £ B ) 5€ [ Thermo Fisher Scientific 23 ] 5
Ha a4 o et
1.3 LI

AW 5% BT 2 ¥ & SPF % It 1 SD K R, & &
(180+10) g, My [ Ikt 2 Al A4 Yy HE ARG BR A, 3
YA P VF AT S  SCXK (52) 2021-0006, A K FRY
TFE T ERE B PSR B sh W =, LRI E] [
PR OK . AFFE 28 [ v R R4 B P A6 P e R 24 16
T G R B /F5 o4 2024X1LC005-2
2 AEEHER
2.1 BEBIELH
2.1.1 X IR SRl £

}5 B FREUCLP . CLP-C .CAMD % #8545 1 mg, 433
T 2 7% figp BB 9 58 o0 1 mg/mL Y B — of B 5 i
W, BT — 35 CCUKEE ARAE .
2.1.2  INFRIFW

KRS FRIULTD X B 5 1 mg, A 2 1A i i
&4 1 mg/mL ) bR A8 T BN ARt &S 4L DL &
SRR, il BT B BE O 25 ng/mL A N BRI -
2.2 KR I 32 R G RN BT I 4% R S B0 ) %

43 5B CLP ,CAMD X & 5 fiff 7 V068 2, LA S H
R A5 B o Y HE 32 O 20 pug/mL BB — X TR D VAR
B R B — X6 R VA S CLP-C %o R S i 45 V0 e,
Tll—%htifi, LLCER B, #il i CLP .CAMD ,CLP-C
Jo i E 4351 R 0.20,0.25 .80 pg/mL [FRMEIR & TAE
Wo B ARAR TR A TARRGE &, Lhas A% (R
A 4%MPB)Fi B 1045, 157, 15 2145 Bl 70 5T 29 35 4303l
47 20.00,25.00.8 000.00 ng/mL FIFR 4 ML AL G . 55 HL
25 M HGE B, I A [R) 5 v B AR TR A TAE W,
e ) S A5 3 e T FRRIMER L v Jo o YR B8 1 Jo 4 I
R (B QCHEA) .
2.3 MERHEHFRMBTLE

W I RE S AR 3T °CF M VR R %5 B HC50 L, A
200 L PIARIA I, W8 HE 2 min, T4 °C 414 F LA 12 000
r/min B0 5 min, U IE R IERE M
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2.4.1 @il

AW 5% FF ) €5 1% A 4 Shisedo CAPCELL ADME
(2.1 mm X 100 mm,5 pm) ; sl A MK (75 0.1% H
%), BAH R NG (7 0.19% H R ) , R 6 Ve (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) ; i7i 4 4 0.4 mL/min;
FETEL R 20 °C 5 HEFEZRIREE A 4 °C; R0 2 pL
2.4.2 i

SR FH LT 55 B IR, 76 1E B A T i T 2 /R v
] (multiple reaction monitoring, MRM) ; ‘<, %5 ‘A & )
R 20 psi; P PR EE R 550 °C, I8 NS AR GST 1 R
40 psi, J5 N SAE GS2 77 4 40 psis 2§ WS HL R
5 000 V; filf 48 < Medium,  F T 5 & 0 #1 19 B F XF
(T CLP-G WA i 8 Xof B, e 28 3 A 4l Sk Az 1™
WE T CLP-G 1Y B 1 XH5F 8 ) AR BT 3% 2 8 i 3k 1
B o

F1 FURSMAIRNMRM BT EEERIESH

ikt BEFnz  FEFm:  ERAENV O RHEAEEV O RABENV
CLP KA 2119 61 61 16
CLP-C 308.1 1979 61 61 14
CAMD 504.1 1549 9 % )
CLP-G ml 1548 65 6 il
LTD 3.1 3369 106 106 10
25 HiEFEE

25.1 EJEM%EE

Fi“2.37 R J5 43 A BER RS (L3 L 45 1 i
U+ 2 T R PR TA/E W (CLP . CLP-C . CAMD J3 1 ¥k Jif
43549 0.08,205.00,0.04 ng/mL) . KEZA 25 )5 (442455
40 min) IfiL 3% BE &, A e AL B S 5 AN 0 P BRI
W B EREAES,  F52.47 TR {63 55 ik 2 AR 2
BT, iC 5 MRM &, 255 R 45 1 o0 A WA A0 5
BRI BT, 2% A % Y IR R T3 CLP . CLP-
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U o 455 UL 1 (T CLP-G TG i B 6 B &, R 1 v
/> CLP-G AR I B s AR IE SIS ) o
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252 ZRPEXRRFE

B2, 27 00 A M 2R RE Sl i, B R L 2R
FBNURPE LM RRUE ML RE S SR JE H2.47 00 44k
FESTHT , LATDN B 53 o vk M R A s () R 0 5
DA s 1) 068 TR BB DA AR bR () FEA T BT 43 H7 , 5 5
22, G EIR, F RN R4S RV S R
BA B E R (,20.990) , CLP . CLP-C HI CAMD
[ f N R4 5114 0.08 ,205.00.,0.04 ng/mL.

x2 CLPRERGFHNEMEXRZZRLR

F4 REMBPHEFUNR SRR ERER

FelR JR KA (ng/mL) ERRT(xs) BREH%
CLP 0.51 0.6710.06 847
320 0.6310.06 1023
20.00 0.6410.07 10.26
CLP-C 51200 1.22+0.11 890
1280.00 1.00+0.04 35
8000.00 1.00£0.06 5n
CAMD 0.10 0.88+0.11 12,61
400 0.7710.05 6.99
25.00 0.6820.06 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 B 43 2 T BRAMIG b Lo o vk
1 QCFE s, #5“2.37 T 5 AL B SEA Tl £ 5 43, i 3
H HRE 24 HARiERN LR, 23 BT QC R i A SN o ek
B, LAKHXS B v 22 (RSD) REAIN 1 7k (49 H P9 A H T
KG9 B, LSRR v B 5 PG I v R A AR iR 2
(RE) B UYERG LY G5 R WLF 3. 45 R WoR, bhE s T
B QCHE A, £ A% L v L v Jo 2 R 32 119 QC i 1Y
H P | H 80K 2 2 59 RSD $4/N T 15% , HEHf /) RE 4
—11.68%~14.40% ,£5 & HE IR AT LK .

3 AXRMEPFURSIBZEMERELR

. ; HP(n=5) HIE(n=3)

CJE T ——

WA (ngml) (ffg’jiﬁ) RSDF  RE% (ﬂ%ﬁi) RSD%  REF

CLP 08 09:000 823 67 008001 908 549
031 053:005 87 435 0S4£0M 710 630
320 36:00 619 —131 308£018 ST 375
200 926:13 641 370 1894087 461 —530

CPC 2500 IRAETH0 429 —1590 IS0 67 9]

512,00 5822013161 S 1B 5198712452 43 1326
1280.00 1440.00£44.72 3L 1250 14433315233 363 1276
8000.00 710200213480 190 —1123  700600£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

2.5.4  FEFRUNM

BOk B 6 HURRRER A9 2S Fm e, 4% 2.3 00 Jy ik
AEFRFS RN AR )15 328 F S RE i, TR BRI
AN [ o v PP TR A TR, RIAHIG L
BB TFAE S, SRS #5242.47 T0U R S E e e A, DA
REI 8355 bR A 08 AR 5 (R34 43 B 2 AR ) A 0 ol
G FI PR A S, 38 2o AR B o 5 A R A%
53 B U TET R AR, 3 F A I8 43 0 P b ) L o PR 7, 8
WARIH—AL 5 PR L840, 45 SR Lk 4. S5 R WoR,
I P R B (A A5 R I R A e bR IH — AL s, R
5 T 1728 S5 R B/ IN T 15% , D8 B BE R 88/, 44
G HEYIRE R AT TR R
255 FaEMEEE

FE 2,27 00T Tk L A5 A B A3 A1 | e T R

2338203 953 —648
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1) QCHE i, B i Wk B AT 48 300, 4% 2.3 I N
AL, AN E Y QC BE A TR E IR UCE 2 h HERRR
JiE 24 h,—35 °C'F [ S Vil 31K S —35 °C M i1 7 Jil
FIRRE . 53R, FEAhH CLP .CLP-C fiICAMDYE I+
R FHIRSD Y INT 15% , il e AEIREAR ST LR .
2.6 KA CLP.CAM ., CLP-C #1 CLP-G BYZ5 50 =
R
2.6.1 22 SRS IE

SCUGHT R BAS T RAE K 1 d, HL6 H R Ryl
CLP(10 mg/kg, il EARYE I R SFRHOR S E) , 7050 T4
ZHTT 4425 )5 0.08.0.33.0.66.1.2.4.6.10.23.35 h i,
AR SRR M S R A BRI 247 0.1 mL ZE T E AL B 048 (4
PRSI 3 WL Bk SR 500 mmol/L A MPB) , 7. Bl
FEAT, T4 °CEAF T LA 3 500 r/min 250> 10 min, B35
2.6.2  ZjEEHARAL I 5 530

K H WinNonlin 6.1 24 5 a9 3E i SRR TR 4 1F
DR S3 (R 245 82 S0, T2 25 - il 2, FLAAR LR 23R
FHA R (£1) IR P (Con) IR WA 1] () 245 Rl 2K
TR (AUC) R B2# AT B R D x + s TR, BLAR
W25,

~ 06 ~ 8000
205 E
? o4 5 6000
0.3 £ 4000
¥ 02 ¥
o % 2000
O ‘
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 ERP
= 6 =9
B o4 ® 6
B, o3
. 0 =
0 5 10 15 20 25 30 35 0 5 10 15 20 25
th ih
C.CLP-G D. CAMD

B2 KRMmEHCLP RERGHF=WHIZS-F %k (n=6)

P& 2 A 00, B CLP i, K R v i CLP
TR, H AUC w50 Coe B/ N F B T4 0 5 15
PERIR Y CAM (L CAMD 1) [ AUCos50 294 CLP 1 43
5% H 13855 (2.53 h) 5 TEIE AR CLP-C (1) 255 & e
fe, H I8 08 A 3R LW BR 2212 5 CLP-G 19 AUCo50 294
CAM 1y 41% , H 1.5 CLP-C 2l .
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x5 KRMFHCLP RERBE=UHZAINFESHLL
B(x+s,n=6)

Tl fih [ Co/(ng/mL) AUCys5,/(ng*h/mL)
CLP - 0362034 0394021 0324022
CLP-C 9552171 LITE142 5418332238851  65246.7412133444
CLP-G 10202212 0.61£033 6791483 53.40+26.61
CAM 253+1.89 068040 13.57£8.51 13.80£9.58

— L JERICLPIA I 257k BEREA, 3 50 AR B f S (25 i 28
PRI A A5 o,
3 it

CLP YRR IR 12 N FH BT MR 259 , A2 24
FRGHRFAE DR 2 T X L2 AR B 43 [R) ARG D0 1% Bk
TEPEAC Y CAM W] B 35 ) W 2554 8h 712847 R 5 AR TG
R4 CLP-C FIl CLP-G & 25 7E iR N 1) £ B R FRIE A,
JEVPAE CLP A= 1y ) FH S U AR 3 5% AL 1Y 3 B 45 A
PRt [R5 A CLP S Z AP & Bt CLP AR N it
PR A, SR, o PR VR K B A R e, B
D715 Z2 K i CLP o H: s — R 9™ ™, X F b1 CLP 1Y
R A R R B . JETF I, ARBFE S T LC-MS/
MS i5 AR 430 CLP B A ik P 2.

CLP-G1EH b 5540k CLPY, N I A BIFSE 4 ARl
FH GV R, LAk G P BT 52 v 2 A 52 o 3%
PEACIE ™ ) CAM PRF7 78 U 55 50 3k, 76 1 5 P Al AN B
U R ARG AE IS R TS i A MPB #E1 T A1k
i 3 MPB H IR 5 T 5 CAM 8 3 5 & 2E SR A% U
SN, A2 LA RGE AT A 72 CAMD ., CAMD X B iy
FEAEVETHI R LR 1 1 00 S AR (2 > S A 4 1) 4 B i ]
5390k 4.0 4.3 min) , {H R FRUAA P9 ARG H £ B 15T 1) Sy 4.3
min 1 T 0§, AR BT 7EXT CAMD 5 =i, DL 206 i &
I TRAE . T4, TR AS CLP-G Ay T 85 X 1]
i, BOASHIFSE 2 2% SCk i B T B T XHE R L IR T
CLP-G 5 CLP-C U Z5 A AL AR , # CLP-G W TR R
fRA CLP-C (bR etk 4T 2 5t 5347 o

AW 5T 245 524 45 5 R , CLP 16 K U N R i 4
1% ELWOR G T R, T PRSI CLP-C o H 32 3 ) 57
B, 5 AH IS5 R AT, 1 A CAM 11
AUCo55, 2974 CLP 19 43 4% (B 1 (2.53 h) , i T
HEA AT — B R IR 5 P2Y 12 ZARSE & 16
PR L A B T BRI R A B T A R PR
I /N 2R B 245 25501 TR) R U 2 il S L . PR PR TR T 2
CLP R 2 Hh Y = ZARU T , 24 CLP SR T % 5%
1 PG G T VG 40 506 FH B 2 R o 56 4 1 00 ) 4 i 1 48
CLP G #2", 2845 el ixX 7T fig 5 CLP-G 5 CLP-C
F K (T 9 h) , G FEIR N = A B RV K

2g FRTR , AT ST T E CLP K H: 3 Rl
=) & 1) LC-MS/MS i, IR T Hae RN Y
LY B F AR SRR 258 CLP ] Pl s vt B, i JC s AR
¥ CLP-C 5 CLP-G ¥ 2 K2 3 R i | 16 AR
CAM S4B Z FE A
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