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T FHR ., F ik BN 283 -F ALK CEA(MPB) Ry a9 R A, B UK REZEG R ATLH-TANE, RALES
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Simultaneous Determination of Clopidogrel and Its Metabolites in Human Plasma by UPLC-MS/MS

SUN Zeng-xian', WANG Hai-dong', NI Shan-hong', CHENG Cong', LIU Nai-feng’ (1.Clinic Pharmacy Research
Center, Lianyungang First People’ s Hospital, Jiangsu Lianyungang 222002, China; 2. Zhongda Hospital,
School of Medicine, Southeast University, Nanjing 210009, China)

ABSTRACT OBIJECTIVE: To establish the method for the simultaneous determination of clopidogrel (CLO) and its active
metabolites (CATM) and inactive metabolites (CCAM), and to conduct pharmacokinetic study. METHODS: The plasma sam-
ple had been derivatized by 2-bromine-3’ -methoxy acetophenone (MPB), and was precipitated by acetonitrile. Using carbam-
azepine as internal standard, UPLC-MS/MS was adopted. The separation was performed on Waters ACQUITY UPLC HSS T;
column with mobile phase consisted of water (containing 0.1% formic acid)-acetonitrile (containing 0.1% formic acid) using a
gradient elution program at the flow rate of 0.50 ml/min. The ESI was equipped and quantitative analysis was operated in posi-
tive ion and MRM mode. The mass transition ion-pairs were followed as m/z 322.1—211.8(CLO), m/z 504.1—155.0 (the alkyl-
ation derivatives of CATM, CATMD), m/z 308.3—198.0 (CCAM), m/z 273.2—194.3 (internal standard). RESULTS: The lin-
ear calibration curves for CLO, CATMD and CCAM were obtained in the concentration range of 0.03-20.00 ng/ml, 0.30-200.00
ng/ml and 10.00-10 000.00 ng/ml in plasma, respectively; intra-day and inter-day RSD for them were all less than 15% , and
relative error (RE) ranged from —3.5% to 5.7%. Main pharmacokinetic parameters of CLO, CATMD and CCAM in 5 healthy
volunteers after oral administration of CLO 300 mg were as follows: cn.. were(7.89 £5.46), (15.58 £8.08), (8 023.33 £
1 047.39)ng/ml; tn, were(1.25 £0.43),(1.25+0.43), (1.67 £ 0.29)h; #,. were (2.31 £0.61), (0.64 +0.08), (6.53 + 2.55)h;
AUC,-, were(17.19+14.59),(21.39 £ 9.58), (30 648.85 £ 8 026.63)ng-h/ml. CONCLUSIONS: The established method is sensi-
tive, rapid and convenient, which is suitable for pharmacokinetic study and plasma concentration determination of CLO and its

metabolites.
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CCAM #AX CATM P CLO FH 25 A A7 8 i 2 1L,
B T TR €335 - F3 35 BT (LC-MS/MS ) 32 [R] Bl 52 A 3% o
CLO .CCAM ,CATM ¥ I iy SCRk & ™ ™. K1, T CATM
RSN o T Tk, 20 e LSRR T S A I 20k B, B
R REA T 2-75-3" - A LA 2,1 (MPB) (-4 I AR i, #5r
[] b5 0 52 I3 v CLO . CATM %% 1k 417 4 4 (CATMD) J
CCAM e J& )18 B SO £ 3 - AR IBC ST 1% (UPLC-MS/MS ) %,
HARF LA T CLO B G R 2 8h 205 .

1 &t
11 %=

Eksigent ekspert ultra LC110XL ¥ AH £ 4t (445 PU T4 i
R DEREZS FIAEIRAG ) L AB Qtrap 4500 %I MS Y | Analyst 1.6.2
Bdi b 1A (25 [ Applied Biosystems 23 1) ) s T B R & 4R
8 (|- R ZE WA T s AB-240 B, - (it -1 M4 - 71
Z AN BR A D) s Peqlab Z T fit iy 3 B0 AL (B 02142 : 8.4
cm, 7 [# Deutschland 22 F] ) s MS2 3% %5 (18 IKA 24 F]) o
1.2 w5l

CLO K (B &t 44 L 2, bU N SR IR BRZA il Bk : 75
mg/ i, L5 : 4A812) ; CLO X MR fih (#L 5 : 5-XJY-64-5, 4l [F
95% ) \CCAM %J B bt (15 + 3-THY-32-3, 4% : 98% ) .CATMD
X 1A (L5 - 5-MNZ-188-22, 4l i : 99.9% ) ¥ H Jil &= K To-
ronto Research Chemicals 2\ &) ;3 5 P4 3 %] B 5 (CBZ, IN#s
Jit 5 . 106H0889, 41 fif : 99.9% ) . MPB ( 4% 4k #I , #it & .
151910100, £l : 97% ) ¥4 [ S£ [l Sigma A Al ; LN H R K
gkl KO A
2 AEEER
2.1 BIESMSEH

f6,1%4%: . Waters ACQUITY UPLC HSS T;(50 mm=2.1 mm,
1.8 um) ; M ZhAH K (A, % 0.1% B iR -2 5 (B, %5 0.1%
FHER ) , 46 ¥ B (0~0.7 min, BAH M 20% T+ 90% ;0.7~
1.2 min, BAA4 90% ;1.2~1.3 min, BAHM 90 % [4 % 209% 5 1.3~
1.5 min, BAI} 20% ) s 43H i 1a] : 1.5 min; 5% : 0.50 ml/min; 4
230 CHEFEE 10 ul

K FH LIS 55 B B R (EST) |, LA 22 By W) (MRMD) A =X 4
i, IE BT = . B FE R 15 500 Vil 1500 °C 5 ME%%
S (N) H 7255 psis flf Wi S (NL) He 72 55 psis ST Ak
(NL) HE J1 + 30 psi; Alf 48 A 2 : Medium; $$5 7] : 100 ms. J:
REHLFE L,

x®1 MSB¥
Tab 1 Parameters of MS

i AR NFE BEFmiz FETFmz BEREV EREEV

CLO CHiCINOS 3218 3221 2118 23 70
CATMD  C:HxCINOS  503.1 504.1 155.0 59 119
CCAM  CisHuCINOS 3074 308.3 198.0 10 70
CBZ CisHN,O 236.2 2372 194.3 25 83

22 BRHIFE

FEBFREUCLO .CATMD .CCAM X & St &3, 2 v
JEHFE WO CLO . CATMD . CCAM R 4351 9 1 170.0,
92.0.960.0 pg/ml [F%F BE S IV 298, 45

FE B PRI CBZ X} B il it 1] U I s A - e, T ol o
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HeRE A 1.00 mg/ml A NARIC A TR o 4 25 B BN AR I A5 it
HCTER B, T i 5T Sk 4k 50.00 ng/ml F) N BRI
=H.

R PRI MPB 38 i, F 26 68 P Vs A e, B i i
WS A 500 mmol/L AL SR, 75 F
2.3 IMRHEMLIE

IS (U 50 wl, A PIARIA TR 50 ul, FRIILA M 200 pl,
WE 5 min, 11 400 r/min 8.0 5 min, B3 10 pl, FEREMHT
24 FIREEE
241 FBIFRMHLE SIS (UMK 50 pl, $42.3" 5 4h B
UHZ RS IR I TAERD , MR, A i ] LA el
CLO.CATMD,CCAM ¢ it I BR¥& £ (0.03.0.30,10.00 ng/ml)
MR 2237100 R ARFE, 3 % 1] 1B BUZ i 2 1.5 h
S B SRR b, $2.37 N AT A5 (0 1 1, H (i R AT
i,,CLO.CATMD ,CCAM . CBZ ()45 B4 5} ] 435124 1.07 ,0.96
0.72.,0.84 min, IfiL 3K FF 5 A YR 49 5T R AL 1) MPB X
CLO.CATMD ,CCAM Fl BRI 2 B T4 -

=X
EER
=X
EER

M b £ Jt o A'
)
2 !ﬂ! £ N g
2 i 5 B 5
E - Mkt arons ot £ I JL £
ST W Y (R B |
A B C

1 A3 CLO.CATMD .CCAM CBZ fy 815! fa i [E]
A.Z5 P13 ; B.CLO . CATMD , CCAM Ifil 3¢ K¢ & (5 ¥ )% 43 51
0.03.0.30,10.00 ng/ml) ; C.3Z {7 Mk 300 mg CLO A 1.5 h J5 By i 3¢
Fiih31.CLO; 2.CATMD; 3.CCAM; 4.CBZ
Fig 1 Representative MRM chromatograms of CLO, CAT-

MD, CCAM and CBZ in human plasma

A. blank plasma; B. plasma sample spiked with CLO, CATMD, CCAM
(0.03, 0.30, 10.00 ng/ml respectively) ; C. plasma sample 1.5 h after po
300 mg CLO tablets; 1. CLO;2.CATMD;3.CCAM;4.CBZ

2.4.2  PRuEMZAEI S FE R FRMELSE A AmK A
Ko BRI B A, A9 ) B CLO Btk 4 0.03.0.10
0.30,1.00.,3.00,10.00,20.00 ng/ml, CATMD J& ¥ & 4 0.30
1.00.3.00,10.00,30.00,100.00,200.00 ng/ml, CCAM Jit 12t ¥ &
4 10.00, 30.00, 100.00, 300.00, 1 000.00, 3 000.00, 10 000.00
ng/ml () RFUFRIE AL, 32,37 0 Jy P Ab B, JEREI 2
O, DARRY TR B (o) R Ak bR R 5 IR
MU TET AR LU AR () S GhAR bR , FTINA R /N — 3 AL R B w=
1) AT, 75 CLO . CATMD . CCAM F 8] I 75 F£-43 1)
H 2 Yero=0.816xc10+1.49x107*(#=0.998 9) \ yearwo=1.13x10""
Xearwot4.21x107°(7=0.998 1) \yeean="7.43%10 *xccan+3.69x 10"
(r=0.999 8), 454#H,CLO.CATMD .CCAM il 25 & 53 31]
1£0.03~20.00.,0.30~200.00,10.00~10 000.00 ng/m] J& Fl £
PEOCFR RAF, =8 e T B4 0.03.,0.30,10.00 ng/ml.
2.4.3  OR§E I RN RS A ECH A CLO g it T PRV
(0.03 ng/ml) MLHAE T AT L =5k (0.05.,2.00,18.00 ng/ml)
B4 (QC) A i , CATMD & it T PR (0.30 ng/ml) I A

China Pharmacy 2015 Vol. 26 No. 35 - 4943 -



FUIE o I (0.50.,20.00,180.00 ng/ml) QC FE i , CCAM &
i BR R (10.00 ng/ml) MM 2 B ff AUIE L o L =5 v BE (20.00
500.00.8 000.00 ng/ml) QC A iy, Bk BEEL 6 FEA4- T , 7 22
3 d, ARAE Y HARERD Ze it A R S IS B, B AR T
BORE 2 B FER B . 45 R EoR, =& H N . HERSD<15%,
AIRHRZE RE N —3.5% ~5.7% . K555 FEFERG R i 645 51 0L
#£2,
2 BEEMARERRELER
Tab 2 Results of precision and accuracy tests

gy AR, /HV‘]*%%‘E(MZ()) ‘ /El'ﬂi%%‘fﬁ(nﬂ) RE.%
ng/ml W, ng/ml RSD,% L, ng/ml  RSD, %
Lo 003 0.030%0002 60 002940001 51 04

0.05 0.053£0.004 74 0.049£0.001 22 0.4

2.00 2.06£0.11 53 2.00£0.09 43 29
18.00 18.53£0.67 3.6 18.93£0.25 13 1.1
CATMD 0.30 0.31£0.02 58 0.31£0.01 29 -2.6

0.50 0.50£0.06 124
20.00 19.20+2.07 10.8
180.00 190.00 £10.08 53
CCAM 10.00 10.13£0.34 33
2000 2030191 94
50000 477.17+4420 93
8000.00 7773.33+80535 104 7510.00£193.13 2.6 5.7
2.4.4  JEJRN AR R A K IS 3K 50 ul, A
N 250 pl TRAT, B0, 3 B BVEWL, T sk TR o il A
F CLO,CATMD ,CCAM R IR A 1 W (M B2 5 A 1Y QC i
AR50 pl ARV TR 50 pl ZJIE 200 pl, IR HER AT, B0 B E
TR AT AC A A ETIANU(B) o RIKACE 25 (i 2k
A7 EIRERAE UERE AT, 0 SRS AL A TR (A) . LIS H AR
B QC AR, 352,371 Jy A B, RS0 HT e e 5 4l
U T R (C) o JE B 2% W =B/A x 100% , 32 B[] g % =C/B x
100% o FE TR 25 4K R 5 SR IR ISR 2 22416 P L
WP . SEIR R, B CLO BRI Rl e R 435 R 73.8% |
86.9% .83.2% , CATMD [WH2EL [EIR 73 51 78.2% .92.4%
87.7% ,CCAM Y FLH I 5351 82.3% .90.3% . 77.5% , NHR
B 2 B ENSCR R 92.9% o 45 He & CLO B 3 5 30 43 591 hy
89.9% ,93.6% , CATMD [ 3 J5T & i 433l i 91.9% . 87.3% ,
CCAM HY T30 43 51150 96.4% . 99.8% , INAT I 3L ST A
102.7% . FHIFEAR I Fr vE #0103 B Bt 2510, vl 2%
FHE AR [ R
245 REtEZE AR H 5% % T CLO.CATMD Fl
CCAMIL . R JE QC RE R TEAFRMRAT AT R AR e (n=3)
SR AR 4 CHE 4 hFa 2 (CLOMI RE S —7.9% ~
5.8% , CATMD [# RE }y — 3.4% ~7.9% , CCAM [ RE Wy
7.3%~9.2% ) ; MM FESH AL , 4 CIE 8 haE (CLORY
RE 4 2.7% ~5.4% 2 [i] , CATMD ) RE 5 — 3.9% ~7.7% ,
CCAM Y RE N —5.2%~6.7% ) ; ML FEN —20 CTiE 45 dfa
Z(CLOMIRE }—0.5% ~6.3% , CATMD [ RE }j —2.2% ~
9.4% ,CCAM ) RE }—5.4% ~8.7% ) ; il FE T 27 3 IR V-
fif G 384 22 (CLO 1% RE 5 — 5.5% ~1.8% , CATMD [#J RE
H—4.7%~—3.8%,CCAMIIRE N —T75%~—2.4%).
2.4.6 CATM ik g ¥ CATM A By A fave e, 1
D 2 (A ST AR A Rt v AR 2 il T CATMD /R A AR X 42
TE R A HIRE S (00 22 e 7 22 AR 97 75 MBP, 8% CATM %k

0.54£0.02 4.0 2.1
19.70£0.70 36 -2.6
195.67£6.43 33 -2.8
10.25£0.35 34 24
20.27£0.68 34 -2.5
466.67£17.10 37 -35
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N CATMD. [HItt, ZERE S A st sk e , 75 28 TS £ CATMD
Jo ik e i 9fe LA R 450071 (H 19 35 43 - o a4 B30 T A ) 47 532 i
CATM [ Tt e B
25 HEHFEMR

5 AR R 56.5~75.4 kg, 4Ry 28~37 4 .0
HL P LI L DR R R T R A I R . IS A g —
R R REAE T — N REEBE B2 2 By 25t
i, SZIAE I T RAREG W B RS, BB S LR
B MG REA.

FZRAREAEEE 2 h DAL, FH 2 KR LAl n
JIk CLO J300 mg, 200 ml /K%M, IR24 2 h J5 W] ad oK,

MRZ5I5 4 hINAE . Bl FIRZy T AR 255 0.25.0.5.1.0. 1.5,
2.0.3.0.4.0.5.0.6.0.8.0.12.0.24.0 h §ij& &Ik R M0 5 ml, B JH

HHEEA R, 7 BN A 500 mmol/L MPB {479 25 ul, | F#%
TRIRR 5 Yk, IR A, 2R ACE 10 min, 4 000 r/min 250> 5 min, 43
BN, B —20 COKEIRAT, %

K H UPLC-MS/MS 3l 5 45 2 J& AN [R] B 1] 55 CLO . CAT-
MD .CCAM [ MM 25 ¥ J& , FF- 4053 CATM Ry ML 25 vk J5 . 25 5 )
¥ s R, MR E & BT AE i 1 Analyst 1.6.2 844 4b
25822800 DAS 2.0 BT 3 . A5 T3 2 -1
Mk IR 2 T2 A S0 3 3.

16 24 10000
— 12 — 18 — 8000
£ g §D12 £ 60
= g = 4000
© o4 © 6 < 2000
0 0* 04
0 6 12 18 24 0 4 8 061218243036

t,h t,h t,h
A B C

E2 JESTFHZ-RTHZ%
A.CLO;B.CATM; C.CCAM
Fig2 Mean concentration-time curves of each group
A.CLO;B.CATM; C.CCAM
*3 L ABRRZIXEFEFEOMRCLO K 300 mg MZiEh%5
#(x+s,n=5h)
Tab 3 Main pharmacokinetic parameters of 5 healthy sub-
jects after oral administration of 300 mg CLO tablets

(Xx+s,n=h)
At B CLO CATM CCAM
Coeong/ml 7.89+5.46 15.58+8.08 8023.33%1047.39
fish 2314061 0.64+0.08 6534255
fush 1254043 1254043 1674029
AUCy-.,ng+h/ml 17.19+14.59 21.39+9.58 30 648.85 8 026.63
AUC, ..,ng-h/ml 17.65+15.19 2.23+8.60 334547910 470.13
3 itig

CLO 7EAR N ARG T s PRI 4 CATM 72 13 Hr
e BERRAIG , X i 24 e B 1) 2 a An 0 i B AR AR =5 1 4 Bt
Tk WA LI BE A = AR TS PR 2 ) CCAM #1724
B2 WEIE IR A LC-MS/MS Bk [a] B 52 1L 3% Hh CLO .CCAM
e B SCHRARGE 1, [H CLO . CCAM 28047 245 BRE 1 , ASBE TG
JE CLO 23l 2y s TR 5 . CATM 4 F45H b &
TR O S R AR PO S L SRR A B
Tt s S A P A O B A R T B L ) L
I 245 B EATAS I, R ZEAEAE S R A e A6 55 (Can MPB) X
o s LAY, B T 8 e FEARUGR R
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2E 35 1 FH MPB A R e Ak 351, X CATM 1 TAT AR Ak, BRI FaE 1)
BEALATEY) CATMD, J X HEgEA 7 oA, i ad 0 1 ot
B TR HBOERA ) CATM L2453

Takahashi M 552552 T A I3 CATM i Fs e L & B
MHERAE T, CATM e JEE A TR, 10 min 2 N T [ BT IR
JE1¥80% ,60 min B2 30% LA o PRI, 75 MURER AR S5 i 7 B
JA MPB, LA P M3 A it 72 b BERIIE A7 3 e o CATM AR,
2 PR AN 72 45 0 AT SEPE . MPB X CATM 1 4 Ak 3¢ i i
90% , MLIF] CATM 5E 4454k Jy CATMD!™ . 235 H#E TR 1ML
76 R M8 Hh 558 A MPB HER IfLfS £ 71A MPB i b 2
Tk BER BN AR U TP IS A MPB B MR AEA L4
MR $] CATMD , 7] R 2 Hi T MPB 7 I 048 B i MPB 7
AP, W R R L AN RE S CATM 74335, 7 BOCH A 8 St
fii4E ) CATMD.,

CCAM £ vh & A7 #R 8% IR AL, IR B AE e TR
M 7 B 5, AT A B TR S A T 4
IR, B TR R 1 24 O 1E B TR 1045, (HCLO Al
CATMD 75 72 1E B T A, 25 P 3 A ] — A5 ey 1oy
JE , H. CCAM 7E 1E 25 7R T 08 v i A2 AR, e ¢
EREIE B TR IN . FE R M fE h , CCAM 7E
Tl AE B 20 VA N , (BRI RERE T , CCAM VR B2 K &
R MS i 2R, S BOCEA I, SR A £ CCAM
HIREFERER Y 10 Ve

Peer CJ %R H1IA 2 MPB 7] RE23 5% CLO I MS 55,
TEFEA SR AR WG FEA SR R PI4y , — 6y A MPB, — £33 A Jin
MPB, i id 1 000 Z 43 i IREEAS (9 73 Hr , R BUREA th2 A
MPB % CLO il 25 R 50 A7 i 25 5200 , I MPB $0A7 Itk 1) 2
RN o ARES 7 k2 5 BRI IR S, MPB Y 5L BTN A 235
M R0 DL 245 32 A

ARG SR 8 A 70T I A it R AT A, 2 S T g 00 7
MM i CLO .CATM ,CCAM & Ji£ () UPLC-MS/MS 4347 )y
V20T HATRAR R RBUZ & AR FRE VR 4
Ff L, AT CLO I 2k B M2 g2 oe
S 3k
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