[ Downloaded from aums.abzums.ac.ir on 2025-11-25]

[ DOI: 10.29252/aums.10.4.512 ]

Sourmal

iz dlio AT - Y sloaxio F o)las ) e Jw ) Foo jul ol Kip pole olSiils 4y puii AUMJ

Jbd Clgrlio jlado cpnnd S (AR LT s gy 22 (5590
Su39lant gl )3 J )5 9 olS

AANY/A 2 2o pdy gl AUV e Bl js )b

s AS>

. %

301 ol 8 Bl s Oliies Ollas 3 oy i 53 IS 5o 5IS (55015t 03 28 5 ume 3 g2 s L 5 4
e Sle cpeend 1 oils dalgs 38 SO T 3 oS G ez 513l Ao s g B av 53 Jgeme S0 b
s B G5 25 5o ol al S bl g d S s SIS Jl

et aslie 5 e e (ol 53 IS s IS L e pledly e nd el @ a5l Eom
e 2ol Bus Ly J S50 IS Jlad Cd plin Jlide s S o 35158 ales LT sla iy,
oo 3 st Gla il sy Ll a5 5 o 5s clie S0 s Sulgd 5o 5 pls opl SaS SLb
ot iz S5 g e Sl 53 S 5dg S JLa S e Olsn BT g anlllan 3 5 o (S 5y 1S 5T
L s LC alls i, 5l bdas J S50 oIS Jpeme 353 35o0 Sllate i e il oS Sl 3lie Iy o
dast 5 S s oIS b S gl oS ey Al 4 a5 L e ool aslinal OF BT g S i 3505
Goes e Olej ol 50 pls Sl sl plendly haes LS Ll 0 (pltes oS S pe 2 O 2 Ol el S jae
o=l et 3 Ty b anil e e S S s s slie (Sl s Wb el w SIS hy, il
Al ged 6055 LLOQ bl ol Sl ol &) 50

Sl (a8 ST lania 4 s S0 53 s g 3550 ST s S Clupar b 55 ams
Sl e etmes Wl Al Sy (6t sl 35 L BT e (s 5 S5 UHPLC s
Ll e S e g 55 15 U S5 oIS (Sl 355 plewsdly e (5 S 0310 OISGI MS/MS Sl s 5 eslanal

s s i Hlastl s |y Sl eSS glaesls

CYP2C19 o 51 318 5oy S o S ske olS Jlad S plie oJ S 5y IS 15 bl

Alborz University of Medieal Scences

Sonlis wg g0 BT o)l
Ty " S gy L yhoxo < Mol
f@b’é)l 01 )y

olCeilaj] sigilog Is sozeiils !
095 iS5l )l g oo i
o5 jloog 13 0uSilse S Sgeilo 16
Ol St St Lz pple ol
ol o] o poSeipcalin (6 09,8 Lz
09 iS5l )l g o i
s ylaog I3 0uSLidls o S ganlo, 8
el I Ol S pale oS
5 csilo )l oliolojl colil”
e Sepslo )6 09,5 (Lo 55510 i
‘;ﬂﬁ);z ,A}[c oLl .lew”/o oSl
el ol ol
5 ooyl ol Lo LctilsF
cr gl 6 09,5 S 5350 s
u‘:“"/ /a}.k olCiiily ‘JJ'L.J;)/J oSl
Ol Ol ol

1 g 0 g5
5 ooy 85 ol lojl o Lils
o SeFgaleyld 095 (S S oS o8
S pale olRails «g3lug,ls 0aslisls
.Ql).ﬂ ‘Ql)@‘ ‘O‘)‘kj

SYV-2ENY .
Email: Yh-ardakani@tums.ac.ir

OFO AN Foylacs ) o0 s)Frv sl ol (S5 pole olitily iagly oale


http://dx.doi.org/10.29252/aums.10.4.512
https://aums.abzums.ac.ir/article-1-1406-en.html

[ Downloaded from aums.abzums.ac.ir on 2025-11-25]

[ DOI: 10.29252/aums.10.4.512 ]

OVY OhlSan 5 5 1T o)l

P N O E 7SS S B R W gy VI [P SN Pt
Dyhst

b cdsbe W5 edle J S S 5uSY —pss e
He Jls s pasnl Sl w5l 5l S (o5 b s il
‘.zj;: 5,4 3oendo

B O e P O R
e s 1 e ol H2 ol plie SO A les
ol st Sl olie s a4 Js il sds 55158 H4
s O sl (S5ahsm Cled (S3gm bae s S plee
e ol (i Sl Lol b s 55 0 4 S
Hl slacd plie a5 cool o U sdme Sldlas 5y o sl
St o Al e b d (S e 3 HB
boeonls il o 5 ol dl c sle Ol e & HA o5
IS s lS SaS Sboyl gla S5 oand S (Il Cenl
Yl sk a0y O 3 sl il Ol e Sl

Jli oS cdpbe o Salul cer Lol
Slaole s OF el chle (S5 UL i o)l
Copon Sdale ) bl S5 pder s 5 S
B a Lpes ILL slasy il dlaudly s Olojes
S Wils HA U HI glacdplio Sbtle 55 J5s o35, s
23 ogme 5l A b sl sas Ly SIS 4 5006
2l b ot 05U Ogmes LDy Lo 05
ol o il potem 035 ul slacntis g
ol 5ol sk e RS L ad ke SRS
OIS Ol e 4 omie Al e ol S ol sl 31
b S Gose Jole Sl ale 258 05 L3 i plhe
S5 bl ol pll esle ) s e (pnd g
Ol Jilas @ Cer ke b oy Ml S
—Y b oS O peSIT ole G ok Ol sl sla ST
Wigad Soslpazr pKim 53 (MPB) 05 gl (oS ¥ 505
B Sles S b asdie 0253 Oley Sl edd w8 S 0 4
edd S Sl OlS S e 5 Lpd Col e sl
53,8 i e o A3 o b

spden ol (Kishp Slabe s esle ol ol chile

Alborz Univ Med J (AUMJ) 2021 October; 10(4):512-525

http://aums.abzums.ac.ir

PRV

(1)-(S)-a-(2-chlorophenyl)-  slans oG L IS sdusls
6,7dihydrothieno|3,2-c]pyridin-5(4H)-acetate hydrogen
LaS b o ol v olinio £9° s 51 pals sulfate
S Ml 5T Solym S g 3 SO A4S Sl
P T e
Mshe e Sl Sl len 5 e e (IS Cina

0 AS 3 0l 5l ase Sl ol J Sl
el b s ke o0 e el ple J o Jlb ) sl
ol sl sl S P2Yg, ek ,S pibesS
o Ol o Sulg 53 5 a3 Ciles of & Slinds
Sad g odalie ) oyld eal j5 aS Hsboles 350 6 SO
3 My NS Spon AS 53 J Sl el
3y el e s

ke V0 sl ndld cdple WS Ly, -l
CYP450 (slans 5l 51 258 by odd o J S5 lS
CYP2B6 CYPIA2 CYP2CI9 lawsl eha) siS
355 o5l J,Ssau S suSY & (CYP3A4 5 CYP2CY
G HT Jols) Js5 ded o slie Bl 5 ool o dir b 55 oS
LS 1 o pkie S doys Vol S & uS A5 1, (H4
S0 symee adle AL b Sl e e
Ll e plasdp el AT3 55 (J S 5o S 5 t-Y
A5 HA GHL Ses5ls mals sl bslse culg 5o 5 das 5
Jola HA G HI glajltle o o)led pgpad 4 ax 5 b ospd
S5 Lgm 2pms J> 4 &5 dien JS5an J5S-V S5
lodd el (5 n el 058 0 4 AN Y osled 1 S
E g5 5l 55k W85 Wgw H2 5 HI (g el oo sl 5o
aars b oremes Wb Z g SV HA S H3 LS 5 s
S 5l sl SLS S (S LR) E osled S sy S
T e S8

23 een 33 Jold 2 b s ke M5 Ao

Ly 3 okd ol IS sdu IS A5 A0 ssd )l s

4 (CESD) il SibaS 58 w3l hug (S od s


http://dx.doi.org/10.29252/aums.10.4.512
https://aums.abzums.ac.ir/article-1-1406-en.html

[ Downloaded from aums.abzums.ac.ir on 2025-11-25]

[ DOI: 10.29252/aums.10.4.512 ]

sl slolaro o S sls Jlad Colyplio o Soni g (ool U] (Slobs, 0 (500 oy

A el O Cilese 5 IS dlS Jl ol plaw
il 03505 0305 4 5 1255 0 O (SHAS

o Fr by IS0 Gab ldle 4 L
2l L@l s dxtes 1 )03 cpl (S 03 S g Slap 51
Jleal 2l s 4 s S Sl 5 03503 (3 pae slagls
sl &0 3l sS4 LELA("'.’.J'"’I O[PS SRR v
o SIS G bled e Ol 53 g ol el (slais
boolee o Olan ol il il by el o slagls
S i e gbadpbe 4 J S8 Las Wl
e Gl b el ) Ll Jei cd gl cble il e
sl Bli s e cledd U oldlas s Jle sl
S a3l s e 5 W5 e Yo 5 Sl (ubs b
Tl e

el T 2o 5 Snoep law 5 oS (5 3UTk anlllas 31
oS 3l Dlew mo o Ol S A S sbelis Wl
(S5l £ K L Obeys 4 L8 & J SsdylS
b G20l Al s S g s el el
G s s s podew (o eSn aler 51 ol
o 2 Oz Lledp Sp el Sl e Sl Sl
Dopsd waadles ool by CYP2CL sl S
@y Aoy YT dolee &K 55 28 &y s 4 CYP2C19%2
adllas 5 ol ol 5518 Ao s UYLl K sen Oy s
o bl bl 5 2l e 53 S 6, UL
Sl S5 S b oleys cou Ohlew Sl Ao VY s o
hoad lagealy ol odd 555 S e Ll pe b
SeaSl ol ot G053 L San 5S4 eds 215
s el el e S

SESSLOB e Slalllae 55505 3525 Lol S5 LB
g Ol 5 Bl i S e Sl b Sl S se 2
deé cdpbe clle s b Sl ol SR s
T b lasdlae ass s cpl 3 J S sda 4IS

Ssols 3,08 Olpe b slaadlas s s Lol &S bl 5l
pe Jod SLagsls syl oS Jo oS el 0l S5 J S50 lS
(IS 5 IS 5300 (2aols DL 53 P2YI2 15,5 odiS s

IS5y dled St s (5So3l0l 53 s oS
s pleedly clle Sl & g 4 2pd e o
A3 eS0T Sl Soml O Sl Jseme 550 s CSlane
ol oslinal _alKiws iy el pls ool sd 5155 1) e
MB Bl Blus Ol 51l wsle cpl i cen g
Jo 4 pzmen 5 o2y o) eels (LLOQ) (5 xSejlul
Gl pl e ps s La el aals s
sl andls 55 Jss LB Caslanst| (HI-H3 sl plie)

e JIOVE PR e GlasdiT sy ol 5l i U
L8 e Gose e o S oy edd olgdy JSsaS
Wodr b Sldlas b bl cslodd antls p LOT gdunas
55 e iS b ys Olylew 3l doys B0 B aw a5 dal s Ol
Ol sl om0 ST SIS Sl
A2 S et e ISl e (s ML s
S plie s oS 5 s bl LBl s LKL, SO
sty J S sl B8 e

Chle 5o W o o glassls s Jelss o Sage
S s s Sas sl llg 5 (HA) ol cpl sl
C)‘"" 03 sl 4 OlE e Oblay 53 Glass esgdme Sl 2ol
a b oo a8 s Ll gl b el s s LEL*’*;»&)JT
il 0l x5y O

2 el sl iledbs s eed e Aol b Ceal W 4
S sl glackle ol S5 sledssk b3l
S Ll 51 dal g sl LBy 3 J S s SIS b o bee
S s b e pbe a0l3 s bl 28 CYP2CI9
(sl O5sn o cbbedsSilee s lagls
GlookiS)les (ko 5 D) ladl> an gla Ssadlis
5 (spde — ) by ol (ol dlen) s sl
S5 s ol (U85 lS) e us slagls
Sloz S Sk 550 4 e Ll e O (S5 by 8k
”_\'.»Jf Wagyls oyl V,..,:lj_:l:.a B

on a e Sl Gals 5 1A elsl dauly ppan 3
S b, bl Olse o CYP2C19%2/%3 ol Pl o

DAl e DS 4y 5 3, 5 Lol s o il Il

OFO AN Foylacs ) o0 s)Frv sl ol (S5 pole olitily iagly oale


http://dx.doi.org/10.29252/aums.10.4.512
https://aums.abzums.ac.ir/article-1-1406-en.html

[ Downloaded from aums.abzums.ac.ir on 2025-11-25]

[ DOI: 10.29252/aums.10.4.512 ]

NI OhlSan 5 5 1T o)l

oSyl Sl el L Ay sla by, —o
S5 s sbe

O, 5 Takahashi Y+*A Jle 5 5L causs ¢l
3ot s s sibe s kiS L Olse 4 1) MPB S 5
Gl ine iy sl cadlas cpl s dsls slgiig of SJUT 5T
Gleli= 5 ol cgr LCMS/MS oK Lawy ol
sl gl O 03500 L Claie J S50 S 55 ol plie
sbadple chle a8 ad esls 0L (ass cpl s ol
b 0o S L5 e wliS Il Sl el pde Dy 3 JsS
23485 Sosba e p gl CBle Ao s Ar Sl S 4 adds )
dops Qv sgde 53 (Jad sbad sl clle (i Olallas
b &l A By o edd 518 cadlas opl 3l S
o Chle bk 5 s CdUT e s 4 536 andlas opl s
AL g 435 0 5l 1S 3 Lendly L3 1) e o3 p S 5L

S5 slS o S e Yoo sy onl (b Lol o5k &
cilise slaoles 53 (S0 5 pa Wl Clbyls T 4
YNl Jo5 Cdplie plaadly chle Slis s S ol
e Sl Cele S ClidS Gl ey il e s f«’fﬁ‘.u q/¥0 %
s S S s

Ll S A ST e, Yve Jle s
Ly UPLC-MS/MSelKiws 51 eslizal L 5 ax3dS axllas
S sbadsle i s skiea (O,Ks 5 Delavenne
A58 518 MPB eSSl eslinad b olusl glendly s
J addlae b alie Lo s b i sy LT oS (o o
2 pSFEN B L Ll oSl LB clls Blas)
sk a4 il e e s LB 4R35 1/0 51 a8 5s (2 e
e ke W 553 L S san IS el gl By Il ol
Clpbe plewdly ChlE s 5 nes Wl Clbsls & &
cble sSlas sl cpl 53 s S o Ol 05 ki 5,
e 03 0SS0 VAY AN Dol Jos e gl ol
[V S X O IV S CIPS W FTR VARG K L

Sl Gae b g s aus i, Y00 e s
H4 Jle g;tjﬁl:ﬂc)awﬂdjjlﬂ'ﬂj Jssleel Olejan B ne

oslaal b 0es 5 Angiolillo ¢ a3 cpl 5o RIS uijljf

Alborz Univ Med J (AUMJ) 2021 October; 10(4):512-525

http://aums.abzums.ac.ir

5 s oml (BB el e S s«
Olse 4 sls ul Olames (JS50 8 5l Cp ol
Ol S glaitassy plnil il ke g DS
Sladllas 3l (ol bl w5550 0T (5108 S
53 e e Sl 31 b b S Il sy b 20y )50
Slod ol S pde Sl el b 8 4 536 2l 4 Ok
Tl omn e B4 il sl pl e Lol
JB sy 0sSE s Olamen s i Cdple oleudl
S Sl Ohle 53 b Glo)s 553 (o g sless
25 s iagsl (K55 allae (ol S o i S
dals 50 Olomen Jld sl o 515 ] ule
S g A et (Sose Wi ) s 1 sy
A el g Gdumar 5 o S s 5l e S plie LT

AT Gt o SUlS 4 aedie o wll
oAl 53 IS sda s Jles Cd e Jlade nd 5l 3 g s
bl g s S5 )

GlediS Il 5l eslizal O aas gla by, -l
S s b

ledly o Ole A asite Slalllae (b oSl 2 b
Moo Ol 5 Aol ShaS 5,8 IS8 Jled e o e
Oe Sl sy Solslae aaly LDl s S e
ol ey e e Ll 3 IS 50018 Sns Sl
o Ly 53 OF iy CBle s 4 o8 45 e plndl o il
GC- LC-UV Jolis (g3dsze slaolSaws Lo s ¢ Jo5 ol sl 4
M 13 S e Jldis fpns LC-MS 5 MS

& Qe 5 Delavenne asllzs ile s Jiass, el L
S e g A5G 5T Doy G drwy G L
LC- oz lawgs OF bt 5 Jlab slacd plie oJ S5y 5iS
s JSaa S SaS Sl oL s bl MSMS
G0 b rasn ol s oS S O J o sl
dé e 5 d slacd sl 5 a8l o J S S gilulis
pde Hs 4 Ll s gilulir Slal glad sed slesdly ol
o ey 4 Gpe adlle ol (Jas Sl sl ololul
VA O s IS s S e (5l O sl S


http://dx.doi.org/10.29252/aums.10.4.512
https://aums.abzums.ac.ir/article-1-1406-en.html

[ Downloaded from aums.abzums.ac.ir on 2025-11-25]

[ DOI: 10.29252/aums.10.4.512 ]

sl slolaro o S sls Jlad Colyplio o Soni g (ool U] (Slobs, 0 (500 \Aid

HPLC-MS/MS olSius by JSsdudlS Ju slacd pbe
ot GBS 1S opl Coe LS s el L1
H2 5 HI lac e sl o S 5ol LLOQ sl
IS o oS gl g sz ol by il
i obs, b slad e
Iy s O, Ken 5 Karazniewicz-Lada (g 555 axllas 53
Gt STl e ad 5 (3l 4 535 45 s sal &1
5 IS ls HA Jo ok rie H3 Ju5 sl
Aol SeS 58 IS0 i e sl roes
el 3 e HPLC-MS/MS oSy g Objer &) pon
S A eals QLS (o pe g 5585 SN gy Sl ealizal b aslllas
Csle MPB S5 by Sllbl pde Sope
dalt (g ,Seslll LG IS5 IS el S 5 S Jled e

A
.}ﬁ

LC- olams Lo (s os) B b OLSes 5 Park
Oley e (b 53 15 0 Jo e 5 S5y IS MS/MS
wry JB R podle iz Aissed Jlis S 4l 53
OS5 3oL e Gl Gias orl Ls AUl ol e s
WKA L edcS Slul Ol e 4 tris(2-carboxyethyl)phosphine
Jolse Koa b Jos sl plie o sl sm(sd Ly o kalS
Sl 2D oLl o s eslinad Lewdly 3 Js 058 sl
Pl bl i gls p S e VO Ol S S0e s
IS8 o5 o b lendly Clale Sl oS 0d 5 8
chle sl 5 albe 55 e S50 V0L 2 YT Uslee
ke 53 p S50 A0/ £ 0VE Ll JSsunls gleadl
sdalin pde s candllas ool 3 mmens ol 0ld 515
e 5 e b s e Sl S Ole Jlsine LS|
e Gl b S5 s Sl olrodil
Jb Js5 Cdplin o sl Coasl 2 IS5 S 4 by e
Vel 05 ST IS sl s Shae ) skl s
UHPLC-MS/MS ol&iws w0l 5301 Jag, Yoo e s
Cdple 5 J S50 S Ologen lulix b ode &S Ul &)
Al e slacdple la e aas 4 o6 HA s
o Heendo 5 J 8500 S uShYtul SdS 5 S J S50 58

L oalie giluslul 55, 5 Shim-Pack XR-ODS 1T & g2 3
H3 5 HA Js5 slacdpbe sloldr 4 Gise A ojlad o e
TR Nt

J}_J Ji el ple ‘.bgjf Ol asdde 4y &S 43_,50\.0.&
5 Tuffal &5 Wlets |25 e g5l mals Sler 51 J S ey slS
oo b B Yl s L s gl O
sladised 5 Jod Sl sbe sler iluldr e piSla s 2l
Slae 4 ol sl a4 ki bt Suss 5) aKebes]
Rl s e ol B s S L s S S e
Lol omtess @l 50T sy onl 02 s Lol JUT 2,
@iy Sia Oloy s b 53 5 UHPLC-MS i (58,15
el ol S a5 S e Slinie g3luli
o B s sl A ejled e Gillas addses (5lslk
Gb il o3 S s b ST S s s gl
53 H2 S HI Gl plie Giie el o casllae oyl gl
T K55 8 Sl B 5 835 05 S il 455

o3ls =3 058t oS Slllas b3 s &S ol S5 0L
son s S5 dW sbacdple ol s LSl
ootz pledly o L OT o Glosan OG5 a5 S 13
GRS L s Oes 5 Peer by L e ol ool
@ B e &l s, .58 5,158 UHPLC-MS/MS o&zws
2SS Gl b IS aleedly e
2pSAN T CBE b g slacd st plav o 5 A e
S5 s Glhe Olames Ladisas (3l Adl o 2 e
Ot 4 gl Cl ab Ll O A ojled Ere o3 ekl
sl s eaiS oS L5 udbsls 53 CYP2CI9 f_)j b5
pde g S Gl S W3S jasie walles ool L
AW o s BB SR s S S T s Sles
kas o 0L 0T s Sl 5 IS g sl Loty il

AT e xS 8 Y dl s
pde 4 arg LS w3 S Wl O slacdpbe 5 J S50
S5 e L @nddS Oldlas 4 Gl a5 B S8 sdalie
5 Furlong (Jle cpl s sl odn LOT & bl

sonliaels Sl il e Sy SO

OFO AN Foylacs ) o0 s)Frv sl ol (S5 pole olitily iagly oale


http://dx.doi.org/10.29252/aums.10.4.512
https://aums.abzums.ac.ir/article-1-1406-en.html

[ Downloaded from aums.abzums.ac.ir on 2025-11-25]

[ DOI: 10.29252/aums.10.4.512 ]

0VY OhlSan 5 5 1T o)l

Sou

5 SIS Lo sla iy anslie 55 e sk o

ST Gl iy, e Sny aods el iy, ol
Jd glacdplie Jllis ond Cgxr odd ) 2SR
2 gl G s S (S Ol glandly 53 IS5 lS
T Sy P RGN PR R o350 ) oslad Jsd

A sl antls O SIS

S EFLs S e
355 e Sl A b ol s s 3 i 5o &S sboles
LDy 53 0T b S slacdplie ke J 8 5k IS Jsana
Lo oSk el mlav o OG5 035 oS b
el sl 28 pled 53 5 5,106 5y HPLC-UV NEC
2 Sl Jlie e 4 LS ol cpl 5 eslinad b el
WMOQ:QLﬁy.wl ol eS| el LS 5 5 Jles
A0 MS/MS LSl L e JUT ol plasdly el
5 HPLC (glaolaws b 5L KT pl jshite p i o8 AL e
Lot oaws 53 cpl olle sl 33,5 o plKen UHPLC
St 3 UHPLC olSaws s3)lpn 55 Js Ll e alie
Shdas e OLES 55 31 (6 g > S clin ltla L LS 5
53 S 3 o3Il 4 015 e olams (pl Gla Sis cn S
SIS s a3 sed Ll 0T L3 el 4B SIS sl s
2 3 4 Tl bl 8 el 05 S ¥ 1 S (3
sl @alp B85k, S (Sl U Olsea | ol o
o ot 03 Wb Sl s Sl eslizad o (g e
Ol o Rl s 53 5 S e JU g5l 8 fals
wlie Ll b 0 o (e LS 3 x5 LB 2alS ol eas
Sy G Sde Jale 53 alen 335 s HPLC olKiws o
S Sl s o e e sl 1) atesy o8 4 L~
2l ot ) wlie glaletle b sl SIS Ol O s
o Gge oS odd sy addllae esg Sl anllas gy 53 sl
oKaws 31 Llods J S5 4lS HA cplie 585 Jllde e

Alborz Univ Med J (AUMJ) 2021 October; 10(4):512-525

http://aums.abzums.ac.ir

Slalllae O 5 a8 iy g L adl sl e Ll s
Ol SNl Lo adlllan opl s S8 lacd e oty
Pt et a5 Ll S Josss S slad sl
IS0l alie s Shae L JSIKG, pdas alagsls 35,5 L
L UHPLC-MS/MS L 5 a&ews 50T 55, ool L«
Ol el om0 J SIS 5 5 S se 5l Olejon e (ond OIS
SM-3 5 H3 Jlé e 5 HA Jl slacdsle gilulas
b Ll 5o (IS5 2o Sl g o A58 e 0 20)
s LYY e s ol s SKnS Syl anslie G
Loy b oalie bt batsel g5llil &5 ol S3 0Lls
JARCI b S &y g0 "0l Kaa 5 Takahashi axdlas ;5 sl S5
Sl ool 53 5w 50s adllas 53 Jle cpl 5 wimeen
e e e L OLKes 5 Xue sy andlas s a5 LS
s, Beagle Dog (slawdly 3 J S5 oS Jleé Jod o sl
G el Sy Cupe 4 S LS SIS |, LC-MS/MS
"l ok oL 0T s i sla 318
Eh SN Olss 4 IS8 e L 4 e
AT iy OLes 5 Lyngby s aadlae s daw S s
Grie ISl b mhe o S A
Clsbe 5 IS ST WU SeS Jas sk
53 HPLC-MS/MS Luy sl ShooS 50 S 5SHY Jlad 8
GOLLL G Jeseie s 4y 4 Lsls Sl Ol o) slendly
Aokl oldles (bgs S IS5 SY e sl
s K el S5 ol g5 Osas
boasllae o T cpbio 5o ol pladl gt 4 ax g L
b e Gds LY\ Jl 3 LC-MS/MS 6w 3 eslizad
sl CESL sl atiSlee Olge 4 (YU G e
IS 50lS (S5 lS mhav s OB L 5 S5y lS
IS5l Sl Y S Sl suSHY oSS S
IS5 lS ST st 5 J S5 kS sl HA oduS 5 S
ol &byl O 5 Laizure vy ol o Jise slodly o
CESI o3l gl ot 45 das o 0L ooy nl il oo
IS5 1S e e 055 53 a5 B Dl d o e Ll 5 o

m‘.bb;


http://dx.doi.org/10.29252/aums.10.4.512
https://aums.abzums.ac.ir/article-1-1406-en.html

[ Downloaded from aums.abzums.ac.ir on 2025-11-25]

[ DOI: 10.29252/aums.10.4.512 ]

sl slolaro o S sls Jlad Colyplio o Soni g (ool U] (Slobs, 0 (500 VA

Sl 5 S5 lS Olojes sba HA Jli o plhe S
e s G (el eSS S slS) O Lol
il OISal ol Al sla g, 5l eslizad L 10 e
(ol chle & cdpbe chle cod) Spbe Cons 53
Sl ( (SanS Slo b Sl 51 ol 534S 355 s ol 2
© Ol addlls 53 ool e mlee Sl s e ege
S8 pde s 4 H3 b o cd e mlan O3S 15
adlae N5k 31 S5les S Oloy cwamen 5 OF 51 H2 agsl
3505 0,5l 0K e 5 Park

525 poesdhe JOLes 5 Zhao Xue b adlae o
Lt SHUD IS sl S pes WJSsdnls
A F s Sl Aol coles b S (U850
soodle wallas pl s ol 485 e alles 34
Jé e alze H3 LT oJ S50l HA 5 H3 glac Ui
2 IS ol Sdsbe 0 Olps 4 i (SM3)
S el S5 0LLE ol skd Sl 5 bime el
5P S5 S S e Sl ey (SMB) S e sk
RCUOU AT CSF P W P PR PR

Do b bl cpl s anly s adlas o ST s
sl SO Oljes Gras abulse CESL o3l
ol 43S 3 s 3550 e e Je 53 IS5 S
=Y 5 IS S puShY glacdale WS 4 s LS
ST s Bl opl dbalie OS5 S U S sy S 5uS]
5 HA b cdplin J S S S Ul opdle 555 S
e 5 Sl NS S S S s e sl
Jol ST e sl SLS 5 5 esdle umman Lol ldis
S5 8 5 IS s S 5eSEY Sl 5 S ssls gt He
0> s dalp s Ol Ok 53 U gl s w WO

SIS 5y S O g
GLose T gy arwy Sllas g3 (NS ba
T bt S5 ol @y bl 318 ks S

3 S ulasl Oley ulal p Culgs 53 5 ol cwy Sl 5 5e

Ll cdabe pl K& 0l & ol ol oslizad UPLC
Cmaad Caslos s 5 o2l Sl sl 4 S LLOQ (s 28
s S boslgn SJGT (3, ool 53 YU SLas Jlas! s @
S Jle gl 538 ¢l HPLC s & o (G s
dlie 5y anlas cpl 5 L sy SUS 5 gl s gsluldr O
eJuJ..ﬂ‘L.JASCM»\ 0> 4 4._%5; 0/\ Q\J’,:Adk.gjv\;)b&a.&jﬁj)

ool 0l 55058 UPLC o8aws 3

P s pbe gHlusluly
2l s glacd sl g ILLL 4 a5 L S5 g
SLS 5 opl s Sl s 0 Soslper 55 (glad sl
S Glaes S illbl slety L S Slule
L35 s MPB oS 5 5l el b (6,86 505 5 gy hslid,
5 Takahashi axdUas las A&z 3JIUT gla iy, sles 3 oS
L5 5 ol o a8 8IS 0 (5la e s ol "OLISen
sdialS S 5 5l O es 5 Hua alles s 5158 S s
Ol digy 03308 Lol b oS5 ol ol oS oslizd TCEP
Jed cple by e o Selul 4 Ji glaes S
salS oS5l Sl eslital e S e SGS IS8
OF L3538l 4 5L pds MPB oS Sl oS5 4 Sl

el 0l Ol g (6 S gl 3 e Al lEL

ol Hlulir LS 5
Cdplie Sllie end 5 (Ol s S S S 4Kk
JS5eslS (S (S5 Sas G0 n e o8 Il
2 Sose e pl 5 WSk e Soup2 08 A 2
e gl cpl Sl GUls L osdd (515 sl b,
sl 3 s Sde Aus g by, e .l sl S a3
b A Gla sy Ole cpl s o sl o35 Y ol
J cdpbe ilulis s odle (0L 5 Tuffal aslae
Sl sl K88 4 06 (Jus sbad gl ple 5T HA Js5
3 S Spee S o &S dzes (HA G HL) 35 S5
0> s b dal gl 31, (HA) ) pe Wb oS 5
Ol s esdle Mol Kan 5 Lin 5 T 0l,Ken 5 Park aallas 5

OFO AN Foylacs ) o0 s)Frv sl ol (S5 pole olitily iagly oale


http://dx.doi.org/10.29252/aums.10.4.512
https://aums.abzums.ac.ir/article-1-1406-en.html

[ Downloaded from aums.abzums.ac.ir on 2025-11-25]

[ DOI: 10.29252/aums.10.4.512 ]

IR OhlSan 5 5 1T o)l

ol 3 &)Jjﬁl{iy}wj el (61550 Ol 05 gl o sS (e
AT 0k Jsb 5l dess 55 b G oo ssbay st sles

S e j6
5 IS Gals T e sld s Dllas o
oslizal S e U Olgea sl LS 5 51Ol glacd sl
S ams e 0l Oldlas pl e SIS sba ol e
s comge S e B ST 5B 4 Dl S p s el 03533
5 S el D253l pramen 5 LS Ll e S w
H2 oy mals 55 S5 53 gljms 50 (S e 6 pH 2alS
Sl & 5 Sope 3l dal S 5l HA
O35 g el SeheS S ISl J e
2 Sl (sl Sl eslind sbr 4) JT 56 & Jsile

sl dal e

(LLOQ) (5565101 Jb chale |3la>
Gl b8 jee wad 5 ol pledly chile s
ST e iy 53 leses Coeal 51 LLOQ [ldis ¢ oyt 3550
GANF S OF Jlie ax a5 ol Jlas 55 5 0dd (G5l ina
el 5o 1 s pslarsl B gl i s pe g il el
2 son s A U Gl iy, Ole s ool
LLOQ Olsee (%S HA Jo c e Jlke (ond 2525
ool odd MO 5 Liu s i e S HL /00 L dslas
g b Sl ol ] Sz SLyl @ ar g L oaS

S S 4o
4 2555l 4 Ol 3 (ol Coaglie sdalie 4 ax 5L
hls gl @V Ts Sl 5 dSodaslS ol L Ol
(Sl Cgmaz 53 CYP 450 2C19 5T 5 Shee 2alS S35
AT s ol Sliper Gda b el (slaslllae plonl
Js el Ll Cb“ EEC SRV LJAK;«J;

Alborz Univ Med J (AUMJ) 2021 October; 10(4):512-525

http://aums.abzums.ac.ir

Lo s o Dbl ale G 5les S O o slas Sy S0
Jebaodes B S5 IS5l Ul s oSl 4 ar 5
I el ilo b Cwnls lls 5 (LogP=1.96)
CI8 L 5 C8 (slavsiw g 5l (Sen il cpl 3 ok a3 S
b BI85l S Gy cwbe pbosge & Klds ol
b o e sSae

HPLC MS/MS olKzees 53 o a3 S IS0 (lag sz Ols 53
B ) I35 4 > b s 4 ASCENTIC CI8 {5
Pl sl bl s 4 (s b Sbml
231y el 2l a8 ol anl s 3T 5o glaes S
Js e 4 LS o2l (0=Y+/V) pH I (gles 28 05 5dous
5 Lyngby adlks ;5 UPLC o&iws 3l eslicl e 2y L
SS& gl (@32 Y 5l 2e8) wbie ola3k Ol SO
el 0l i3S e JUT

Ogw UHPLC piw bawg odd elnil Sldlas o
5baS el andls 1y 3,08 o xi BEH C18 31 S 4l S
Dosin b S 0l 5 iluldr Ul a4 Ols e OF bl s
PH 51 om0 508 53 S ot 506 4 Cond ailin ool 2l
Gladges 5l by sl LT s b Pl (VYY)
Sl Lgy g5 am Joolm Zaslie (o ged oLl G4
e Bl 3 & O cpl 53 1) (0 5 Glse s 45 o
Sl eslial Sy o s SIUT o 5w Al 3 b bl e
A 4 ks UPLC 4 ails slagieew 3 BEH C8 052w
Sl eslazad fK'* 2 LS, IS5 oS JSoska Js an) o
SSE Ol oS g 4 (Sl w3y ze L8 O
C18 Ui 3l oslizwl Doy s L HA U HI lacd sl

SIS by S 0 g sl
(oo o ke Gla sy 53 SIS sl S O gles
35 S sba ol eas e ol S Sl 4z 80 U YE
2 Sl O st glos IR L OLSS SIS 5l S Ll
AL S8 S, e Sl i S LS Gl


http://dx.doi.org/10.29252/aums.10.4.512
https://aums.abzums.ac.ir/article-1-1406-en.html

[ Downloaded from aums.abzums.ac.ir on 2025-11-25]

[ DOI: 10.29252/aums.10.4.512 ]

sl slolaro o S sls Jlad Colyplio o Soni g (ool U] (Slobs, 0 (500 oy

ol g o5 oo SIS K00 51y el e 5 R
WOl e oS R e A g, ol (K.I.A 33
Chle waz 5 b sed ol el SIS s, 53 LLOQ ldis
S o aedd momen 5 o,L3 350 ol GlasJUT oS L
che B Rbsy 4 plaws S Gose > 0d L3 ol
DR Al Gime B3 s Oley pln 53 g0l S sl plendl
2S5 Se A pslie S el bbb e 4B SIS

Sldde @ v‘.L.?:"" REPPW) Oﬁlﬂ.b)ﬁ LSU Ll ails 1 J,:.J‘).\A

AL ed 652 LLOQ el ol

Ol 43 0k 4l & a5 b led o (503,20 ISy slS
SetS Sl 533 glaesls 4 pliws S 45 3500 (6 S 4t
Olew 2 53 sl 333 Gds asles 5 o ol e 4 501 (]
sl (0 Sl HA J55 b S plie Sldde
Gleosls Llg o 5 sols 355 plewdly mdave (S50 OIS
@ dyam g s J1E i Sl a1 Sl eSS
el Ll o (55,0 MS/MS LKl 51 eslinad e o
St A LT Slagienm 4 pds Spg 53 S
S C33 L el ltis w5 S UHPLC L

Of glacdplie b5 S 500 IS Jliie pnd g aus gla osy 40Dt 1) sl

P 83 gh>es
oo F) B P s " s
b (NS TH Ofw b8 o S e 56 R
- z * [ el ) B alS) g | >
< er P i > v ml/mi ” X ngm
m/z pm °cC min : 1
n ng/ml
\ A YeoA LC- 'CAMD ¥ot—o0rg  oxY.axor  InertsilODS-3 ¢ Il Al 0 04 =+/0 .0
MS/MS
: Aol S0 2
Y v Yoy UHPLC- CAMD 5048 VXY XY v BEH C8 § ST ol .Y Y 00—\ YA
MS ’
Voo . oo sl
Aol Ko 2
¥ Yy Yoy LC- H3, H4 - Y/YXYXV0 Shim-Pack v SR o .o - Y0r—1/0 ‘0
MS/MS XR-ODS 1T R
e Jed s
Al S
Sl p g5 e
¢ YY Yoy UHPLC- HI, H2, 1000+ ¢ Y/YXYXV0 Shim-pack / g o ‘o A You—1/0 .0
MS H3, H4, XR-ODS II ’
MP-H endo b g
Aol S0 2
Sl p g5 e
° Yy Yoyy UHPLC- CLP STYY . Y/\%0e BEH C18 ‘ s o v \/0 Beme/e) e
MS/MS ’
Y. . el
CAMD V0004 Aol S0 3 Vor—/\ A
h Yo Yoy HPLC- H1, H2, H3 / / Ascentis / / / ViV —+/\Yo vAY
MS/MS Express RP-
amide \Yo 0
H4 —vN A
Vo \
v m Yoy LC- H3, H4 —0e8.) AREIEN Zorbax Plus ¢ SR CXo o AYo oo /X0
MS/MS C18
Voo ¥/ox . Sy
CLp —SYYY. Sl o 3 BOAL /Y0
Y o
CLPM AN —0+ 0v v
VaA Yevan \
A \ Yoy LC- CAM —voer) FXYX0H CI8 RP ¢ s o oy Y Yeeor0 .0
MS/MS column '
Voo.Y . Jiﬂ}:ﬁﬂi
CLP —¥YY Aol s Yeova0 w0
ARRIRY

OFO AN Foylacs ) o0 s)Frv sl ol (S5 pole olitily iagly oale


http://dx.doi.org/10.29252/aums.10.4.512
https://aums.abzums.ac.ir/article-1-1406-en.html

[ Downloaded from aums.abzums.ac.ir on 2025-11-25]

[ DOI: 10.29252/aums.10.4.512 ]

ovy OhlSan 5 5 1T o)l

Ol lacd slis b 5 J S 500 S Jldis s g axus la s, aodlst 1) J gk aslsl

83 gh>es

.. S
) PO S W =) 3 Eie R YN . sl o ol " udo
¥ e sl YO et BN mmxmmx e S R G Y . ng/m
' m/z pm c° mimi o2 1
n ng/ml
q YA Yevo UHPLC- H4 00t N> VeuxYyx X Bridge TM v o305 ol RS 0.0 0v—vn0 a0
MS/MS BEH C18 ’
Voo Y.0 J;Jwrﬂi
CLP FYY AN Aol Ko 3 Yo—ra0 a0
VAL Jgle
CLPM g Oeresd °
Mp-H endo
2-0X0 YW
Ve Y4 Yoy UHPLC- H3, H4 0r 8100 YoexY yx BEH C138 ) s ol ‘80 1 — e A
MS/MS ’
Vv o sl Yoo .
SM3 VY Y el Koo 2 R Voo
Voau
I} Y Yoy LC- CAMD 008\ — 04X§ X0 Ascentis C18 §s CR \ $ Yoaaoy \
MS/MS e
Yoti.) Aol Ko 3
VY i) Yoy HPLC- CAMD 0vt 8 VouxY Cl18 / o5egs o .t v Yooy \
MS/MS ’
Yooy e sl
CLp YYYY— Aol Ko 3 —vA ‘A
YAY.) vii
CLPM YA N> Yo Yoo
V4A.) Voans
w Y Y14 LC- CLP FYYoY\Y VoY) Waters v SR oy A / .00
MS/MS XSelect CSH ’
CLP FeA 1A C18 oA il AR
Carboxylat
e Aol Ko
2-0x0 CLP  yya—y00 R
2-0x0 CLP yys 5y v
Carboxylat
€
H4 6v§—Y00 Y
Ethyl clp FrI—YY Vv
Ethyl 2- YoY—\Yo /
oxo clp
Ethyl H4 0VA—Yo /
sl ol esliie) andlae U'l‘ BE I é\) BE) (CAMD) JJ,;}J\:.:)JS JLQJ L;LAC,.;J_,JL?A ‘_3:«..& -
J,,Jdlwa YV 40/0 aids U u.lp— Syse 4 P Co =Y MPB « .l . H4 5 H3 H2 HI :J»Li 63}.; sl Olon
s vevry) @JJ;_ el 03l Jilsbjob})}\ ‘_}TA_:

Sl Gy hsle Kol b use 55 s, =Y

Alborz Univ Med J (AUMJ) 2021 October; 10(4):512-525

http://aums.abzums.ac.ir


http://dx.doi.org/10.29252/aums.10.4.512
https://aums.abzums.ac.ir/article-1-1406-en.html

[ Downloaded from aums.abzums.ac.ir on 2025-11-25]

[ DOI: 10.29252/aums.10.4.512 ]

sl slolamo o JySgukosls Jld Codplio i Crons g (ol 1 IUT Slo S5, 0 (59350 ovy

Intestine Liver
Clopidogrel Ciopudugrel cVPIEin 2-0x0- Clapudogrel
R ST CYP1A2 o0
- @
2
P-Glycoprotein/ CYP3A4
CYP2B6
Esterases cYP2C19 Esterase
cyp2¢9 (OB
Inactive Metabalites
85% of clopidogrel dose Active Metabolite
Major cis-thiol
It & (LOCH,,
w130
Glib/illa receptor V s o ¥
ITGB3, IGTAZB Minor
P2Y,, receptor endo-thiol

(P2RY12)

Platelet
Activation

i
& COOCty
Om"/\/-(]‘>;<j
s &

CYP2B6 5 CYPIA2 CYP2CI9 (slap 3l b OgralidenS] gy (b 53 bl —J S5audlS oy Sdple 3ladles ) JSo
CYP2B6 CYP3A4 lag 5l o 5 sday omx i1 Jorl o (b 53 oJlad Sl plite s 5 0 W5 J S5y gl 5S1Y Lol o il
‘s e Mg CYP2CY 5 CYP2CI9

Platelet

HOOC

H1
H COOCH3 H COOCH3

N
HOO HOOC
o &

J,fj-*»x,)is S sbed sl glend Sl Y Jiw

References
1. SINGH, Sonu S., Kuldeep SHARMA, Deepak 2. Pan, Yuesong, Weiqi Chen, Yun Xu, Xingyang Yi,
BAROT, P. Ram MOHAN, and Vidya B. Yan Han, Qingwu Yang, Xin Li et al. "Genetic
LOHRAY. "PLAVIX"< T™>, RxMed: polymorphisms and clopidogrel efficacy for acute
Pharmaceutical Information PLAVIX"< TM>, ischemic stroke or transient ischemic attack: a
RxMed: Pharmaceutical Information." Journal of systematic review and meta-
chromatography. B, Analytical technologies in the analysis." Circulation 2017;135(1): 21-33.

biomedical and life sciences 2005;821(2): 173-180.

OO LOIY F oylos o) v 0,00 ) Frv sl oipll (Sip pole olCiils gy sale i


http://dx.doi.org/10.29252/aums.10.4.512
https://aums.abzums.ac.ir/article-1-1406-en.html

[ Downloaded from aums.abzums.ac.ir on 2025-11-25]

[ DOI: 10.29252/aums.10.4.512 ]

oYY

10.

11.

OhlSes 5 5 QL?gj"/L“

Kazui, Miho, Yumi Nishiya, Tomoko Ishizuka,
Katsunobu Hagihara, Nagy A. Farid, Osamu
Okazaki, Toshihiko Ikeda, and Atsushi Kurihara.
"Identification of the human cytochrome P450
enzymes involved in the two oxidative steps in the
bioactivation of clopidogrel to its
pharmacologically active metabolite." Drug
Metabolism and Disposition 2010;38( 1 ): 92-99.

Farid, Nagy A., Atsushi Kurihara, and Steven A.
Wrighton. "Metabolism and disposition of the
thienopyridine antiplatelet drugs ticlopidine,
clopidogrel, and prasugrel in humans." The Journal
of Clinical Pharmacology 2010;50( 2 ): 126-142.

Dansette, Patrick M., Julien Rosi, Gildas Bertho,
and Daniel ansuy. "Paraoxonase-1 and clopidogrel
efficacy." Nature medicine 2011;17( 9 ): 1040.

Casey Laizure, S., Vanessa Herring, Zheyi Hu,
Kevin Witbrodt, and Robert B. Parker. "The role of
human carboxylesterases in drug metabolism: have
we overlooked their importance."

Pharmacotherapy: The Journal of Human
Pharmacology and Drug Therapy 2013;33(2): 210-
222.

Tuffal, Gilles, Sebastien Roy, Melanie Lavisse,
Denis Brasseur, Joe Schofield, Nathalie Delesque
Touchard, Pierre Savi et al. "An improved method
for specific and quantitative determination of the
clopidogrel active metabolite isomers in human
plasma." Thrombosis and haemostasis 2011; 105
(04): 696-705.

Takahashi, Makoto, Henrianna Pang, Kiyoshi
Kawabata, Nagy A. Farid, and Atsushi Kurihara.
"Quantitative determination of clopidogrel active
metabolite in  human plasma by LC-
MS/MS." Journal ~ of  pharmaceutical  and
biomedical analysis 2008;48( 4 ): 1219-1224.

Abell, Lynn M., and Eddie C-K. Liu. "Dissecting
the activation of thienopyridines by cytochromes
P450 wusing a pharmacodynamic assay in
vitro." Journal of Pharmacology and Experimental
Therapeutics 2011;339( 2 ): 589-596.

Angiolillo, D. J., C. M. Gibson, S. Cheng, C.
Ollier, O. Nicolas, L. Bergougnan, L. Perrin, F. P.
LaCreta, F. Hurbin, and M. Dubar. "Differential
effects of omeprazole and pantoprazole on the
pharmacodynamics and pharmacokinetics of
clopidogrel in healthy subjects: randomized,
placebo-controlled, crossover comparison
studies." Clinical Pharmacology &
Therapeutics 2011;89(1): 65-74.

Payan, Maryam, Nader Tajik, Mohammad Reza
Rouini, and Mohammad Hossein Ghahremani.
"Genotype and allele frequency of CYP2C19* 17
in a healthy Iranian population." Medical journal of
the Islamic Republic of Iran 2015;29: 269.

Alborz Univ Med J (AUMJ) 2021 October; 10(4):512-525

http://aums.abzums.ac.ir

12.

13.

14.

15.

16.

17.

18.

19.

20.

Neyshaburinezhad, Navid, Mohammad Reza
Rouini, Hanieh Entezari, Hoda Lavasani, and Yalda
Hosseinzadeh Ardakani. "Evaluation of changes in
cytochrome P450 2C19 activity in type 2 diabetic
rats before and after treatment, by using isolated
perfused liver model." Iranian Journal of Basic
Medical Sciences 2020.

Snoep, Jaapjan D., Marcel MC Hovens, Jeroen CJ
Eikenboom, Johanna G. van der Bom, J. Wouter
Jukema, and Menno V. Huisman. "Clopidogrel
nonresponsiveness  in  patients  undergoing
percutaneous coronary intervention with stenting: a
systematic review and meta-analysis." American
heart journal 2007;154(2): 221-231.

Sameer, Abu-Eid 1., Gharbich M. Amany, Abed A.
Abdela, and Sharif A. Fadel. "CYP2C19 genotypes
in a population of healthy volunteers and in
children with hematological malignancies in Gaza
Strip." Journal of Population Therapeutics and
Clinical Pharmacology 2009;16 (1).

Ardakani, Yalda H., and Mohammad-Reza Rouini.
"Improved liquid chromatographic method for the
simultaneous determination of tramadol and its
three main metabolites in human plasma, urine and
saliva." Journal of pharmaceutical and biomedical
analysis 2007;44 (5): 1168-1173.

Patti, Giuseppe, Giuseppe Micieli, Claudio
Cimminiello, and Leonardo Bolognese. "The Role
of Clopidogrel in 2020: A
Reappraisal." Cardiovascular Therapeutics 2020 .

Rouini, Mohammad-Reza, Yalda H. Ardakani,
Alireza Foroumadi, Hoda Lavasani, and Lida
Hakemi. "Sensitive quantification of carboxylic
acid metabolite of clopidogrel in human plasma by
LC with UV detection." Chromatographia 2009;70
(5-6): 953-956.

Mani, Helen, Stefan W. Toennes, Birgit
Linnemann, Dorota A. Urbanek, Jan Schwonberg,
Gerold F. Kauert, and Edelgard Lindhoff-Last.
"Determination of clopidogrel main metabolite in
plasma: a useful tool for monitoring
therapy?." Therapeutic drug monitoring 2008;30
(1): 84-89.

Taubert, Dirk, Adnan Kastrati, Steffi Harlfinger,
Olga Gorchakova, Andreas Lazar, Nicolas von
Beckerath, Albert Schomig, and Edgar Schomig.
"Pharmacokinetics of clopidogrel after
administration of a high loading dose." Thrombosis
and haemostasis 2004;92 (8): 311-316.

Delavenne, Xavier, Thierry Basset, Paul Zufferey,
Nora Malouk, Silvy Laporte, and Patrick Mismetti.
"Ultra-performance LC MS/MS method for
quantification of clopidogrel active
metabolite." Journal of separation science 2010;33
(13): 1968-1972.


http://dx.doi.org/10.29252/aums.10.4.512
https://aums.abzums.ac.ir/article-1-1406-en.html

[ Downloaded from aums.abzums.ac.ir on 2025-11-25]

[ DOI: 10.29252/aums.10.4.512 ]

21.

22.

23.

24.

25.

26.

sl slolaro o S sls Jlad Colyplio o Soni g (ool U] (Slobs, 0 (500 ovy

Angiolillo, D. J., C. M. Gibson, S. Cheng, C.
Ollier, O. Nicolas, L. Bergougnan, L. Perrin, F. P.
LaCreta, F. Hurbin, and M. Dubar. "Differential
effects of omeprazole and pantoprazole on the
pharmacodynamics and pharmacokinetics of
clopidogrel in healthy subjects: randomized,
placebo-controlled, crossover comparison
studies." Clinical Pharmacology &
Therapeutics 2011;89 (1): 65-74.

Rouini, Mohammad-Reza, Yalda Hosseinzadeh
Ardakani, Faezeh Soltani, Hassan Y. Aboul-Enein,
and Alireza Foroumadi. "Development and
validation of a rapid HPLC method for
simultaneous determination of tramadol, and its
two main metabolites in human plasma." Journal of
Chromatography 2006;B 830 (2): 207-211.

Peer, Cody J., Shawn D. Spencer, Dustin AH
VanDenBerg, Michael A. Pacanowski, Richard B.
Horenstein, and William D. Figg. "A sensitive and
rapid ultra HPLC-MS/MS method for the
simultaneous detection of clopidogrel and its
derivatized active thiol metabolite in human
plasma." Journal of Chromatography 2012;B 880:
132-139

Furlong, Michael T., Ishani Savant, Moucun Yuan,
Laura Scott, William Mylott, Thomas Mariannino,
Pathanjali Kadiyala, Vikram Roongta, and Mark E.
Arnold. "A validated HPLC-MS/MS assay for
quantifying unstable pharmacologically active
metabolites of  clopidogrel in  human
plasma:application to a clinical pharmacokinetic
study." Journal of Chromatography 2013;B 926:
36-41.

Karazniewicz-t.ada, Marta, Dorota Danielak, Pawet
Burchardt, Lukasz Kruszyna, Anna Komosa,
Maciej Lesiak, and Franciszek Glowka. "Clinical
pharmacokinetics of clopidogrel and its metabolites
in patients with cardiovascular diseases." Clinical
pharmacokinetics 2014;53 (2): 155-164.

Park, Jung Bae, Soo Hyeon Bae, Su-Min Jang,
Won Jun Noh, Jang-Hee Hong, Kee Dong Yoon,

27.

28.

29.

30.

31.

32.

Han Chang Kang, and Soo Kyung Bae. "Direct
measurement of active thiol metabolite levels of
clopidogrel in human plasma using tris
(2-carboxyethyl) phosphine as a reducing agent by
LC-MS/MS." Journal of separation
science 2013;36 (14): 2306-2314.

Hua, Wenyi, Michael Lesslie, Brian T. Hoffman,
Christopher Binns, and Daniel Mulvana.
"Development of a sensitive and fast UHPLC-
MS/MS method for determination of clopidogrel,
clopidogrel acid and clopidogrel active metabolite
H4 in human plasma." Bioanalysis 2015;7 (12):
1471-1482.

Liu, Cai, Youming Lu, Hongbin Sun, Jin Yang,
Yonggiang Liu, Xiaojuan Lai, Yanchun Gong et al.
"Development and validation of a sensitive and
rapid UHPLC-MS/MS  method for the
simultaneous quantification of the common active
and inactive metabolites of vicagrel and clopidogrel
in human plasma." Journal of pharmaceutical and
biomedical analysis 2018;149: 394-402.

Zhao Xue, Sun Hui, Zhang Qi, Ren Tian-ming, GU
jing-kai. "Determination of Clopidogrel Active
metabolite in Beagle Dog Plasma by LC-
MS/MS." Journal of Chinese mass spectrometry
society 2017 ;38(4).

Lyngby, Janne G., Michael H. Court, and Pamela
M. Lee. "Validation of a method for quantitation of
the clopidogrel active metabolite, clopidogrel,
clopidogrel carboxylic acid, and 2-oxo-clopidogrel
in feline plasma." Journal of  veterinary
cardiology 2017;19 (4): 384-395.

Laizure, S. Casey, Zhe-Yi Hu, Philip M. Potter, and
Robert B. Parker. "Inhibition of carboxylesterase-1
alters clopidogrel metabolism and
disposition." Xenobiotica 2020;50 (3): 245-251.

Greibrokk, Tyge, and Thomas Andersen.
"Temperature programming in liquid
chromatography." Journal of separation
science 2001;24 (12): 899-909.

OFO AN Foylacs ) o0 s)Frv sl ol (S5 pole olitily iagly oale


http://dx.doi.org/10.29252/aums.10.4.512
https://aums.abzums.ac.ir/article-1-1406-en.html

[ Downloaded from aums.abzums.ac.ir on 2025-11-25]

Sareh Aghajanpour’,
Navid Neyshaburinezhad’,
Mohammadreza Rouini’,
Yalda Hoseinzadeh
Ardakani**

! Pharm.D. student, School of
Pharmacy, Tehran University
of Medical Sciences, Tehran,
Iran.

2 Ph.D. candidate of
Pharmaceutics,
Biopharmaceutics and
Pharmacokinetic Division,
Department of Pharmaceutics,
School of Pharmacy, Tehran
University of Medical Sciences,
Tehran, Iran.

? Full Professor of
Pharmaceutics,
Biopharmaceutics and
Pharmacokinetic Division,
Department of Pharmaceutics,
School of Pharmacy, Tehran
University of Medical Sciences,
Tehran, Iran.

* Associate Professor of
Pharmaceutics,
Biopharmaceutics and
Pharmacokinetic Division,
Department of Pharmaceutics,
School of Pharmacy, Tehran
University of Medical Sciences,
Tehran, Iran

*Corresponding Author:
Department of Pharmaceutics,
School of Pharmacy

Tel: 02164120

E-mail:: Yh-ardakani@tums.ac.ir

Alborz University of Medical Sciences Journal, October 2021, Vol. 10, No. 4: 512-525

Original Article

A Review of Analytical Methods for the Measurments of
Clopidogrel Active Metabolite in Biological Matrices

Received: 20 Oct 2020 ; Accepted: 26 Feb 2021

Abstract

Introduction: Despite the widespread use of clopidogrel as a prodrug in a wide range of
patients, the researchers found that the drug couldn't have sufficient antiplatelet effects at
a usual dose in three to forty percent of patients. So on, measuring clopidogrel active
metabolite concentration is seems necessary to evaluate the effects of this drug in each
patient.

Discusstion: Due to the importance of determining clopidogrel active metabolite plasma
level, in this article, we reviewed and compared all the analysis methods for that which
could affects on correct pharmacokinetic evaluation of clopidogrel and thus play an
important role in prescribing the appropriate dose of that in each individual therapy.
Despite numerous reports of the clopidogrel analysis method, only thirteen studies have
been published to analyzing the concentration of clopidogrel active metabolite in a
biological matrices. As a result of the very low concentration and short half-life of the
clopidogrel active metabolite in the biological matrice, the method used for determining
it's concentration profile should be able to measure values in picogram per millilitre scale.
Discusstion: According to the complete summary of the analyzing methods, employing
advanced device analysis systems such as UHPLC lead to much more accurate separation
and quantification of analytes. Also, employing the MS / MS detector adding the
possibility of measuring the clopidogrel plasma level in the same matrices.

Keywords: Clopidogrel, Clopidogrel Active Metabolite, Chromatography, CYP2C19
enzyme
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