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Fig. 1 Chemical structures of (a) clopidogrel bisulfate and (b) loratadine (I. S.)
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TAE (RFR, PUA 2R BT, b5 100615-200401, 4L FEDECN 99.2%), HEE ({4
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2.1.1

k. Cig#F (Diamonsil, 150 mmx4.6 mm , 5 um, JbRtidSA%) | Filk:: EasyGuard Cig
PRy (8 mmx4.0 mm , Jbptidi B AR , WahA: FEE-K-FIR (AFRLEA 90.0:10.0:0.1) , .
0.5mLemin", K. i, BFERE: 20 plo
212

BFYR: R IR (ESI D, YRR 4.2kV, BAEEE: 320 C, #55 (Ny) JEJJ:
30 Pa, 5B (Ny) JE7J: 85Pa, MidE < (Ar) JEJJ: 0.133Pa .

MEFE S SR (CID) HiJk: 20eV GRS D 0eV (RFEME), Milly: E&7T7, i
G BRI (SRMD, B FIRN: m/z322 — m/z 212 CaERE ) m/z 383 — m/z267 (A
), FAEETE: 0.3 s0
2.1.3

R R R SRS T 16.5 mg (MM FAEAS & 12.5 mg), #HT 25 mL &

R, R IR BRI, AT, PSRRI N 500 mgeL (RS AR ik 4 T; B 2.0 mL

it L, BT 25 mL =T, FEEE-K AR 50:50) MBI emEZI8E, S TREIREN

40 mg L™ R #0310

SR R i 2 i bRt v, DL EE-/K (ARBRLE A 50:50) ks, AcH

HOTTRMRE A 2.04 5.01 10.04 25.0. 100.0. 400.0. 1000.0 F1 1600.0 pg-L™ FIZUA% 55 A5 vE 22 51555 -

A F g 10.0mg, BT 10 mL B, FFERMIFMBEEZIE, #4,

C BT A 1000 mer L AE 4 T HX 0.25 mL #4501, &1 100 mL S5, JT I EER R

SERBLE, PAFTEIKE N 2.5 mg L FIREHW . B 2.0 mL 43 1, & T 50 mL &,
R e A B ZNE, RAFREIRE N 100 pg L 1) ARV -

FAERIL R RV WARE I UAH AR R, SR IE RIS, T4 KPR

7%
2.1.4

WML AE 5 100 uL, 43X BN A FRATR (100 pg L' S0 fthsE) 50 uL A1 1M NaOH %3
100 pL, ZMEE-1E ke (RFILE N 4:1) $8 B0 3 mL, WS 1 min, #% 10 min, 25.0» 5 min
(3500 rmin’™), BB T 5 AMaET, T 20 B ERT, FREPIINA 200 uL AEIHIE,
WIIRA, B 20 uL FAT LC-MS/MS 4317 .
2.1.5

SRS RN bR S T fl e E BST LB 70 R, B84k [M+H] #E 7251, 209108 m/z 322
m/z 3830 JEPEPEXT GMEAK T R AT fhe [M+H]" BT i oA, SRR B 32 B A i m/z 212
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Fig.2 Full-scan positive ion ACPI product ion mass spectra of clopidogrel and loratadine (IS)
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Fig.3 SRM chromatograms of clopidogrel and loratadine
from analysis of blank (drug and IS free) beagle dog plasma
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Fig.4 SRM chromatograms of clopidogrel and loratadine
from analysis of zero sample (drug 2.0 pg-L™ spiked with IS 50.0 pg-L™) beagle dog plasma
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Fig.5 SRM chromatograms of clopidogrel and loratadine
from analysis of No. 3 beagle dog plasma sample after 0.5 h administered
Peak I — clopidogrel, Peak I — loratadine

2.1.6

WP H IS 100 pL, DI GUEAK T bRtk RSV 50 pl, BCH R =5 1 Stk i o 5t
BRI N 2.00 5.01 10.01 25.0. 100.0. 400.0. 1000.0 A1 2000.0 png- L™ [RIFES,, Feiln AT i 1) b 2
VN AR, IR AT SUREAS ST, HERE S0 uL, 0 &l . LLAERS B BT IR S N RS AFR, SR
WS T 5 PR AR T AR EL AR AR, FINA. (W=1/X") e/ FRidkdbAT [ 38 55, Sk ASAruf ih 2k
(JLE 6) 24 Y=0.029 7X+0.004 8 (2 >0.99). MRAEFrAE ML, SOk & LM N 2.0~2000.0 pg L.
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Fig.6 Calibration curve of clopidogrel from analysis of plasma samples using LC-MS/MS method
(on the first day of method validation)

HAS (IR 100w, T i SO ks o 1030 B B 2.0 pge L BORE R, (85 VAHfIE

S RHHAT 6 FEARIINT, FERRYE Y H AR UE 28 v SR — R AR DA TR 5 o SR SUIEA% 5 7 = N IR
SRR H AR E B (RSD) 2 10.0%, #ERFE (RED 4 4.0%. S5 REHPTELF) LC-MS/MS
VAN 5 oS v SRR R N R ETIA 2.0 pgL .
2.1.7

B (I 100 pL, $22.1.67 407V ENE . . & 3 AN IR CRUMLR 5 s Ik
FESR 50 5,00 100.0. 1600.0 pg L™ MIFTEFEHE (QC) FEM, & B FiaIRIE AT 6 FEAHT,
AN E 3 d3 d, AR H bRAEI LR, THE QC FE S DA ISR FE o ARHE QC FF b il e 25 AL vt
HOTEHEEE SRE %, 4RI 1,

Table 1 Accuracy and precision of the method for determining clopidogrel concentrations in plasma samples

P adaed/(ng'L7) P tound (X £5)/(ug’L") RSD/% RE/%
Within-day (n=6)

5.0 5.1+£0.5 9.5 24

100.0 98.9+83 8.4 -1.1

1600.0 14247+ 61.8 43 -11.0
Between-day (n=18)

5.0 49+04 8.1 -1.9

100.0 97.9+8.1 8.2 -2.1

1600.0 1501.2 £ 108.0 7.2 -6.2

2.1.8

B (3% 100 pL, 321,674 VAR ENE . s & 3 ANREIREE CRUTLRS TR I i ik
JE43 512 504 100.05 1600.0 pg L™ HIFES:, A FRREWRIEIAT 6 FEADHT  FIN S HES [
H 100 puL, BRASINGUERS T bR UER RN AR IAL, Hothdi 21,474 5800, T 3RA3 I B3 n
ONAH T 553 P 1 S s T A BV SO wL R BRI 50 uL, RUiR A, 22 230 FIRT, 7R
VI CLIR SAE IR G RERE T, SATHINIE TR (66 VKlsE (T8 . LARE— iR iRk B 22 Flh
PR AR LA o AR I B e, Hidis WLk 2.
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Table 2 Recoveries of clopidogrel and loratadine (n=6)

P addgea/ (R L) P tound (X £5)(ngL") RSD/%
Clopidogrel (n=6)
5.0 71.8+9.6 13.4
100.0 783+6.5 8.3
1600.0 68.1+52 7.6
Internal standard (n=18)
50.0 743 +9.1 12.2

2.1.9

43 501 2 S U RS T I RE S A SIS S IR T5CE 24 h IIFaETE . MURAE AN 3 IRA R R EFR
(R PRI A T--20°C W CE 15 d EssE .

B 100 pl, $%2.1.674 ALl AR S5 R e w8 3 ANSUERIRE CRUEA% 1%
JREIRBES N 5.01 100+ 1600 pg L) 1) QC #ffh, H— FREIEREAT 3 FEAMT, 4R W% 3.

PRI, M2EAE AR S SR 24 h IWERE (RE 76+ 5.0%2 ), MLRAESE ) 3 ATk
—MRFIEINEFEE (RE 76+ 6.0%2 ), MLAEFERT-20 A%E 15 d T8 (RE 5+ 9.3%2Z ).

Table 3 Stability results of clopidogrel plasma sample

P ataed L) p (8 £5)(ugL") RSD/% RE/%
Room 24 h Stability

5.0 4.8+0.1 3.0 -5.0
100.0 98.5+5.8 59 -1.5
1600.0 1550.8 £ 14.7 14.7 -3.1
Freeze-thaw stability

5.0 53+0.2 33 6.0
100.0 103.7+£9.1 8.8 3.7
1600.0 1606.4 + 82.5 5.1 1.4
15 Days stability

5.0 50+0.5 10.3 -0.5
100.0 90.7+4.6 5.1 9.3
1600.0 1540.7 + 49.1 32 -3.7

2.1.10
EEAS RS AE 2621 47458008, AR AT ib @y — SebnvEfh £, M. B B2 FEAN

JRAERES G T LORS R S e o AR 2 bt i 25 K A0 LU R i SRR ot AR 5
PERES TURIREE, TP FE A 52 45 S RE <+ 15% GE & NIRRT &4 RE <20%), % LI 1/3
ANTE ) — 0 S R P55 1 ST e ot 5 SRR PR, T VB T 52 o R T 1 AN fbre i, ik
J¥5 5.0~ 100 1600 gL (A FE S RE 23515 2.9% 6.2%K1 2.0%.
2.2

fREaipp bk R 6 S, BouiErE, HiEg 210d, VIR 6.2 kg.

FBENLAE SO IR TE, ZRB BNk 2 4.

FlReE 2y, kS IdReg 1 G 75 mg).

TR (100 BLED, TIRHER 7 5452, FHombliioK 25 mL. k&G
2h FAOK, 4h Egdkr.

TSR YR Z (R BE24 2 mine T-4524)5 0.50. 0.75. 1.00. 1.50. 1.75. 2.00, 2.50.
3.00. 4.00~ 6.00, 8.00. 12.00 Fi1 24.00 h 535! FI RTREEAKCR M. 2 mL, FHFZAAFLL AR, 3500 r-min”
B0 6 min, HUMKE-20  VKAELRAERFIN . SB[ R 24 05 .
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Fig.7 Average concentration-time curves of six beagle dogs

Table 4 Pharmacokinetic parameters of clopidogrel after peroral administration

tmax! Prmax/ t! ke/ vd/ CL/ ka AUC,./ AUC./

h o (uglh h  h' (Lkg) @Chl'kg) b (ughL') (ughLl)

Mean 1.9 1663.0 80 0.212 74534 13.221 7.035 7 876.6 8563.4
SD 0.6 472.2 43 0.059 61.130 6.927 10.351 2562.0 2679.6
Mean 1.7 16373 6.7 0.234 58.547 12.799 8.042 7 622.8 8 128.5
SD 0.7 382.1 1.1 0.071 23.131 4.443 6.725 2548.2 2 664.9

Reference drug

Test drug

24
24.1 AUC

SR TR B AR BE K S 45 R, RTRRIRAETEAR 0 2 RRARIFRI AUC, WA 5, DARRHE 32k il
HZ L) o S A TR ) AUC o THSEADN AR IR, L4 SRR W 2 Rl i) AR5 2

Table 5 Analytical results of AUC,_, after administration of clopidogrel

Test drug Reference drug
Beagle Phase F /%
AUC; InAUC 1 (X) AUCR  InAUGCR (Xp)
1 T/R 5279.6 8.6 4109.5 8.3 1.3
2 T/R 10915.7 9.3 11230.9 9.3 1.0
3 T/R 4122.5 8.3 6144.8 8.7 0.7
4 T/R 7547.5 8.9 9316.5 9.1 0.8
5 T/R 9398.0 9.1 7214.9 8.9 1.3
6 T/R 8473.7 9.0 9243.1 9.1 0.9
X 7622.8 8.9 7876.6 8.9 99.3

s 2548.2 0.4 2562.0 0.4 25.5
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Table 6 Variance analysis results of AUC,_,

Variance analysis SS DF MS F P (0=0.05)
Between-preparation 0.00 1.00 0.00 0.09 0.78
Between-phase 0.00 1.00 0.00 0.04 0.85
Between-individual 1.17  5.00 0.23 5.60 0.04
Total variation 1.34  11.00 0.12

Total error 0.17 4.00 0.04

24.2 Pmax
SUMEAS T AP A BE e s 25 IR, 2R RIS poax TE FISEINSE R IR 7, PLS LA pmax
S RBI o B, HUEE SO — 2 TR B

Table 7 Analytical results of C,,,, after administration of clopidogrel

Test drug Reference drug

Beagle Phase Donand! Dovcar!

el T gl i (060

1 T/R 1346.4 7.2 720.8 6.6
2 T/R 1969.6 7.6 1970.1 7.6
3 T/R 997.5 6.9 1738.5 7.5
4 T/R 1774.1 7.5 1866.7 7.5
5 T/R 1858.7 7.5 1735.0 7.5
6 T/R 1877.4 7.5 1947.1 7.6
X 1637.3 7.4 1663.0 7.4
SD 382.1 5.9 472.2 6.2

X 8 TR T =Ny =i AL R, AMAD, 193 8 1T =i
Zi e UL R RRR R v 2 R, MR IR W T SR

Table 8 Variance analysis results of p,,,

Variance analysis SS DF MS F P (06=0.05)
Between-preparation 0.01 1.00 0.01 0.26 0.64
Between-phase 0.01 1.00 0.01 0.27 0.63
Between-individual 1.04 5.00 021 499 0.03
Total variation 1.23  11.00 0.11

Total error 0.17 4.00 0.04

243 Fmax
KIS HIGBCXS Wilcoxon VEXT tme BEAT TEEHIEVPHT . PR MER 9. SR R, ZuliflHL
Z LI fmax TE2EST o

Table 9 Nonparametric test results of 7,

Reference drug  Testing drug P

X+s 1.88+0.59 1.67+£0.74 >0.05
Max-Min 3.00-1.50 3.00-1.00
Median 1.6 1.6

AR AR L 6 AEELURR LR RO T B, SR LC-MS/MS i 3 il 2% Hh Sl A% 75 o
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Fig.6 The metabolizing process of clopidogrel in vivo
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Pharmacokinetics of clopidogrel tablets in beagle dogs

HU Wei-min, ZHANG Wen-ying, CHENG Gang, ZOU Mei-juan
(School of Pharmacy, Shenyang Pharmaceutical University, Shenyang 110016, China)

Abstract: Objective To study the pharmacokinetics and bioavailability of clopidogrel bisulfate tablets in
beagle dogs using LC/MS/MS method, using PLAVIX ® (clopidogrel bisulfate tablets, Sanofi Winthrop
Industrie) as the reference. Methods Using loratadine as the internal standard, double phase crossover
experiment between two preparations was designed, and the plasma concentrations of six beagle dogs in
vivo were determined. Results The time to peak (#,.x) of clopidogrel in testing and reference preparations
were (1.7 = 0.7) h (Mean + SD, the same below) and (1.9 + 0.6) h, the maximum concentration (pmax) in
plasma were (1 637.3 +382.1) and (1 663.0 + 472.2) ug-L™, respectively. Calculated with trapezoidal rule,
the area under concentration-time curve (AUCy,) were (7 622.8 =+

2548.2)and (7 876.6£2562.0 ) ug -h-L'; AUC,., were (8 128.5 +£2664.9)and (8563.4 =

2 679.6) pg -h'L™, respectively. Based on AUC,., the bioavailability of the testing drug was (99.3 + 25.5)%
compared to the reference drug. Conclusion According to the regulations of bioavailability and
bioequivalence, it was concluded that comparing to reference drug PLAVIX ® the bioequivalence data

(AUC, pmax and t,ax) of the testing drug are acceptable, but have significant difference among individuals.
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