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Abstract

Clopidogrel is a pro-drug which needs two-step metabolism to produce the active thiol metabolite. This study
aimed to explore an efficient method to simultaneously determine the plasma clopidogrel, 2-oxo-clopidogrel (2-
Oxo-CLP), and the clopidogrel active metabolite (CAM). A high-throughput liquid chromatography tandem mass
spectrometry (LC-MS/MS) was therefore developed.  The analytes  were extracted from plasma by using methyl
tert-butyl ether (MTBE). Chromatographic separation was performed on a C18 column under an isocratic elution,
accompanied with acetonitrile and deionized water containing 0.1% formic acid. After optimizing the condition of
LC-MS/MS, a stable linearity was observed in the standard curves over the concentration ranges of 0.05 to 50.0
ng/mL for clopidogrel, 0.5 to 50.0 ng/mL for 2-Oxo-CLP, and 0.5 to 100 ng/mL for clopidogrel active metabolite
derivative  (CAMD).  The  retention  time  was  4.78  minutes,  3.79  minutes,  3.59  minutes,  and  4.82  minutes  for
clopidogrel, 2-Oxo-CLP, CAMD, and internal standard, respectively. Both the relative standard deviation and the
relative error were within the requirement of operating criteria. No significant degradation of clopidogrel, 2-Oxo-
CLP,  and  CAMD  occurred  under  different  storage  conditions.  This  method  was  successfully  validated  in  3
patients  with  coronary  artery  disease.  The  results  showed that  the  current  LC-MS/MS method was  efficient  for
simultaneously detecting clopidogrel, 2-Oxo-CLP, and CAM with fine linearity, accuracy, precision, and stability.
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Introduction

Clopidogrel,  (+)-(S)-methyl  2-(2-chlorophenyl)-2-

(6,7-dihydrothieno[3,2-c]pyridine-5(4H)-yl)acetate,  is
an anti-platelet  agent.  It  has  been extensively used to
prevent  ischemic  stroke,  myocardial  infarction,  and
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cardiovascular  diseases[1].  However,  its  pharmacody-
namics  differ  remarkably  among  patients[2],  which  is
considered  to  be  associated  with  the  unique
pharmacokinetics of clopidogrel.

Clopidogrel  is  an  orally  bioavailable  pro-drug,
which  (approximately  85%)  is  hydrolyzed  into
inactive  metabolites  by  carboxylesterases,  and  then
partially  converted  to  the  corresponding  acyl
glucuronide[3–4].  Additionally,  a  portion  of  the
remained  clopidogrel  is  metabolized  into  its
thiolactone  intermediate,  2-oxo-clopidogrel  (2-Oxo-
CLP).  2-Oxo-CLP is  further  hydrolyzed  by  thioester,
cleaving the thiolactone ring and finally generating the
active  thiol  metabolite  (Fig.  1).  Functionally,  the
active  thiol  metabolite  binds  to  P2Y12  receptor  and
irreversibly  inhibits  ADP-induced  platelet
aggregation[5]. The hepatic cytochrome P450 family 2
subfamily  C  member  19  genotypes  (CYP2C19)
contributes to the two steps of clopidogrel metabolism
by 45% and 20%, respectively, in which clopidogrel is
metabolized to 2-Oxo-CLP and active metabolite[6].

It has been reported that approximately 20% to 30%
of  patients  with  coronary  artery  disease  (CAD)  have
low  or  no  response  to  clopidogrel  due  to  the
CYP2C19  gene  variation  and  consequent  less
production  of  the  active  clopidogrel,  which  leads  to
increased clinical events, such as stent thrombosis and
myocardial  infarction[7–10].  However,  the  Gauging
Responsiveness  with  A  VerifyNow  Assay-Impact  on
Thrombosis  and  Safety  (GRAVITAS)  trial  showed
that  the  platelet  function  test  (PFT)-guided  anti-
platelet  treatment  did  not  reduce  the  major  adverse
clinical  events[11].  Based  on  this,  the  pharmaco-
dynamic  tests  are  not  recommended  for  guiding  the
anti-platelet  therapy  (Recommendation:  Class Ⅲ;
Level of Evidence: A)[12].  Our previous study showed
a  moderate  correlation  between  platelet  aggregation
and  clopidogrel  active  metabolite  (CAM)  levels,
suggesting that PFT may not be suitable for measuring
clopidogrel  therapy  adequacy.  The  pharmacokinetics
of  clopidogrel  should  be  investigated  to  clarify  the
phenomenon of low or no response to clopidogrel, and
the  efficacies  of  pharmacokinetic  parameters, e.g.,
concentrations of clopidogrel, 2-Oxo-CLP, and CAM,
might be useful to guide the anti-platelet treatment[13].

Previous  studies  have  reported  different  methods
which  used  liquid  chromatography-tandem  mass
spectrometry  (LC-MS/MS)  for  quantification  of
clopidogrel  or  its  metabolites.  Peer et al quantified
clopidogrel  and  cis-clopidogrel-MP  derivative  from
two separated plasma samples by using a sensitive and
rapid  ultra  HPLC-MS/MS  strategy[14].  Karaźniewicz-
Łada et al simultaneously  determined  the  concen-

trations  of  clopidogrel,  its  carboxylic  acid  metabolite
and the derivative isomers of thiol metabolite by using
a  triple-quadrupole  MS  with  multiple-reaction-
monitoring via electrospray  ionization[15].  Silvestro et
al simultaneously  quantified  clopidogrel,  clopidogrel
carboxylic  acid  and  the  newly  described  acyl
glucuronide  metabolite[16].  However,  there  is  still  a
lack of functional methods to simultaneously quantify
clopidogrel, 2-Oxo-CLP, and CAM, especially for the
patients with CAD.

In the present study, a high-throughput LC-MS/MS
method was developed to simultaneously measure the
concentrations of clopidogrel, 2-Oxo-CLP, and CAM.
Meanwhile,  this  method  was  validated  in  3  CAD
patients undergone stent implantation. 

Materials and methods
 

Reagents

Clopidogrel  hydrogensulfate  (purity ≥98%)  was
purchased from Sigma-Aldrich Chemie (Germany). 2-
Oxo-CLP  hydrochloride  and  clopidogrel  active
metabolite  derivative  (CAMD)  were  obtained  from
Toronto  Research  Chemicals  Inc.  (Canada).  The
alkylating  agent  2-bromo-3'-methoxyacetophenome
(MPB)  was  bought  from  Sigma-Aldrich  Chemie.
Mifepristone  (internal  standard,  IS)  was  supplied  by
Xianju  Pharmaceutical  Co.,  Ltd.  (China).  1,4-Dithio-
DL-threitol  (DTT,  purity ≥98%)  and  ascorbic  acid
(purity ≥99%)  were  purchased  from  Sinopharm
Chemical Reagent Co.,  Ltd. (China). Acetonitrile and
methyl  tert-butyl  ether  (MTBE)  of  HPLC/Spectro
grade were obtained from Tedia Company Inc. (USA).
Other  chemicals  were  all  of  analytical  grade  and
purchased  from  Nanjing  Chemical  Reagent  Co.,  Ltd.
(China). Blank plasma was obtained from the Nanjing
Branch, Red Cross Society of China. 

Preparation  of  stock  and  working  standard
solutions

Stock  solutions  of  clopidogrel,  2-Oxo-CLP,
CAMD,  and  IS  were  prepared  individually  in
acetonitrile  with  the  following  concentrations:  10
μg/mL for  clopidogrel,  10 μg/mL for  2-Oxo-CLP, 10
μg/mL  for  CAMD,  and  1  mg/mL  for  IS.  After
vortexing and brief  sonication,  all  the  stock solutions
were  stored  at  −20  °C.  For  plasma  sample  analysis,
the  standard  solutions  of  clopidogrel,  2-Oxo-CLP,
CAMD  were  prepared  from  stock  solutions  by
diluting  the  appropriate  volume  of  the  stock  solution
with anhydrous acetonitrile in 10 mL glass flasks. The
standard solutions for clopidogrel were at the doses of
0.5,  1,  2,  8,  100,  200,  300,  400,  and 500 ng/mL.  For
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the  2-Oxo-CLP,  the  doses  were  5,  10,  20,  80,  100,
200,  300,  400,  and  500  ng/mL.  For  the  CAMD,  the
doses were 5, 10, 20, 80, 200, 400, 600, 800, and 1000
ng/mL,  and  for  the  IS,  the  dose  was  10  μg/mL.
Working  dilutions  were  freshly  prepared  from  stock
solutions  of  the  analytes  or  IS  when  needed.
Calibration standards were prepared by spiking 10 μL
standard solutions into 90 μL human plasma, and they
were 0.05, 0.1, 0.2, 0.8, 10, 20, 30, 40, and 50 ng/mL
for  clopidogrel,  0.5,  1,  2,  8,  10,  20,  30,  40,  and  50
ng/mL for 2-Oxo-CLP, 0.5, 1, 2, 8, 20, 40, 60, 80, and
100 ng/mL for CAMD. Quality control (QC) samples
were at three different concentrations (0.1, 20, and 40
ng/mL  for  clopidogrel,  1,  20,  and  40  ng/mL  for  2-
Oxo-CLP, and 1, 40, and 80 ng/mL for CAMD). 

Sample preparation

Firstly,  400 μL blank samples were mixed with 40
μL calibration standard and 40 μL QC samples  in  10
mL glass  tubes  containing  50  μL  DTT (20  mmol/L).
While detecting the patients' samples, the QC samples
were  replaced  by  equal  volume  of  anhydrous
acetonitrile in order to guarantee the equivalent testing
system. Then, 100 μL hydrochloric acid (0.05 mol/L)
was added and vortexed for 10 seconds. Next, 1.5 mL
MTBE  was  added  and  vortexed  for  3  minutes.  The
solution was centrifuged at 2000 g for 10 minutes and
an aliquot of 1.2 mL supernatant was transferred into a
new  test  tube,  then  50  μL  DTT  (20  mmol/L)  was
further  added,  and  the  supernatant  was  evaporated  to
dryness  under  vacuum  at  40  °C.  The  residue  was
reconstituted  in  a  150  μL  mobile  phase  containing
0.1% aqueous formic acid and acetonitrile  (1:19, v/v)
and centrifuged at 16 000 g for 10 minutes. Finally, 30
μL aliquot was injected into the LC-MS/MS system. 

Instruments and conditions

LC-MS/MS was performed using a Waters Alliance
2695  LC  system  accompanied  with  a  column  oven
(Milford,  USA)  and  coupled  with  a  Micromass
Quattro  Micro  tandem MS system (Micromass,  UK),
which  was  equipped  with  an  electrospray  ionization
source and operated with the MassLynx 4.0 software.

The  analytes  were  separated  on  a  Sapphire  C18
analytical  column  (250  mm  ×  4.6  mm,  5  μm;  Sepax
Technologies  Inc.,  USA)  with  a  Security  Guard  C18
guard column (25 mm × 3.0 mm, 5 μm; Phenomenex,
USA), which were maintained at 40 °C using a mobile
phase  of  0.1% aqueous  formic  acid  and  acetonitrile
(1:19, v/v) at a flow rate of 1 mL/min. The volume of
injection  was  30  μL  and  the  analytical  run  time  was
5.5  minutes.  The  eluent  from the  HPLC column  was
introduced  directly  to  the  micromass  using  the

electrospray  ionization  interface  in  the  positive  ion
mode.  The  detection  parameters  were  optimized  as
follows:  source  temperature,  120  °C;  nitrogen
desolvation  gas,  370  °C  with  a  flow  rate  of  500
L/hours. The specific transitions for the analytes were
monitored  using  multiple-reaction-monitoring  mode.
The  transitions, m/z 322.0  →  212.0  for  clopidogrel;
m/z 338.0  →  183.0  for  2-Oxo-CLP; m/z 504.0  →
354.0 for CAMD; and m/z 430.0 → 372.0 for IS, were
chosen for the quantification of the analytes. 

Method validation

The LC-MS/MS method was validated by the Food
and  Drug  Administration  (FDA)  guidelines  for
bioanalytical method validation. 

Linearity

Linearity  of  the  calibration  curves  was  assessed  in
duplicate  on  three  consecutive  days.  A  series  of
working solutions were obtained by gradient dilution.
The  standard  curves  were  established  ranging  from
0.05 to  50 ng/mL (0.05,  0.1,  0.2,  0.8,  10,  20,  30,  40,
and 50 ng/mL) for clopidogrel, 0.5 to 50 ng/mL (0.5,
1, 2, 8, 10, 20, 30, 40, and 50 ng/mL) for 2-Oxo-CLP,
and 0.5 to 100 ng/mL (0.5, 1, 2, 8, 20, 40, 60, 80, and
100 ng/mL) for CAMD. The peak area of the analytes
was  used  for  quantification  by  using 1/x2 as  a
weighting factor (where x was the concentration of the
analyte). The correlation coefficient of the calibration
curve was determined and the equations of calibration
curves  were  used  to  calculate  the  concentrations  of
clopidogrel,  2-Oxo-CLP  and  CAMD  in  patients'
plasma. 

Lower limit of quantification, accuracy and precision

Lower  limit  of  quantification  (LLOQ) was  defined
as the lowest concentration of analytes. The intra- and
inter-day accuracies, expressed as relative error (RE),
were calculated by the formula: RE=(nominal sample
concentration−tested  sample  concentration)/nominal
sample concentration×100%.  The intra-  and inter-day
precisions,  expressed  as  relative  standard  deviation
(RSD),  were  calculated  by  the  formula:  RSD=SD
value/mean value×100%.

The  QC  samples  were  prepared  in  six  replicates
analyzed  over  three  different  days  at  plasma
concentrations of 0.1 ng/mL, 20 ng/mL, and 40 ng/mL
for clopidogrel,  1.0 ng/mL, 20 ng/mL, and 40 ng/mL
for  2-Oxo-CLP  and  1.0  ng/mL,  40  ng/mL,  and  80
ng/mL for CAMD. 

Stability

Stabilities  of  plasma  clopidogrel,  2-Oxo-CLP  and
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CAMD were evaluated at concentrations of 0.1 and 10
ng/mL for  clopidogrel,  2.0  and  50  ng/mL for  2-Oxo-
CLP,  and  2.0  and  50  ng/mL  for  CAMD  (three
replicates  for  each  analytes  concentration)  after  three
freeze-thaw  cycles,  short-term  storage  (plasma
standing  at  room  temperature  for  8  hours;  extract
standing  at  room temperature  for  8  hours),  and  long-
term  storage  (45  days  at  −80  °C).  Moreover,  the
stability of the processed samples were examined after
being stored at 4 °C for 24 hours, and the stability of
the  analytes  were  examined after  being stored at  −20
°C  for  2  months  in  stock  solutions.  Considering  the
potential  degradation  of  stock  solution,  we  prepared
and  used  it  within  one  week.  The  independent
experiments were performed in three replicates. 

Extraction efficiency and matrix effect

The  extraction  efficiency  was  evaluated  by  using
plasma  samples  of  the  calibration  curve  at
concentrations  of  0.1,  20,  and  40  ng/mL  for
clopidogrel,  1.0,  20,  and  40  ng/mL  for  2-Oxo-CLP
and  1.0,  40,  and  80  ng/mL  for  CAMD,  respectively.
The  reference  samples  of  extraction  efficiency  were
prepared  by  adding  clopidogrel,  2-Oxo-CLP,  CAMD
and  IS  working  solutions  to  blank  plasma  extracts.
The  recovery  was  acceptable  if  the  coefficient  of
variation  (CV)  was  within  ±20%.  To  investigate  the
matrix  effect  (ME),  the  reference  samples  of
extraction  efficiency  were  compared  with  reference
solutions  without  matrix.  The  CV  value  of  ME  was
acceptable if it was within 15%. 

Clinical application

The validated LC-MS/MS method was demonstrated
for  quantitative  determination  of  clopidogrel,  2-Oxo-
CLP,  and  CAMD  in  the  CAD  patients'  plasma.  This
study  was  conducted  in  compliance  with  the  revised
Declaration  of  Helsinki  for  biomedical  research
involving  human  subjects  and  the  rules  of  good
clinical  practice  (GCP),  and  was  approved  by  Ethics
Committee of the First Affiliated Hospital of Nanjing
Medical  University  (Permit  No.  2011-SRFA-099).
Informed  consent  was  obtained  from  all  subjects
before the study initiation.

Three  patients  with  CAD  and  stent  implantation
were  enrolled  after  taking  oral  Plavix  (Sanofi
[Hangzhou]  Pharmaceuticals  Co.,  Ltd.,  China),
containing  75  mg  clopidogrel,  for  more  than  5  days.
The  Plavix  tablet  was  required  to  be  taken  with  250
mL  water  within  half  an  hour  after  breakfast.  Three
milliliters  of  venous  blood  was  collected  into  tubes
containing  EDTA  and  DTT  before  Plavix
administration and 0.5,  1,  2,  2.5,  3,  3.5,  6,  8,  12,  and

24  hours  after  administration,  and  30.0  μL  of  MPB
(500  mmol/L)  was  added  in  the  blood  samples
immediately  after  collection.  Then  the  samples  were
separated by centrifugation at 16 000 g for 10 minutes
and frozen at −80 °C until assayed for clopidogrel, 2-
Oxo-CLP and CAMD. 

Statistical analysis

Statistical  analysis  was  performed  by  using  SPSS
26.0 software (IBM, USA). The data are presented as
mean±standard  deviation  (SD)  for  continuous
variables. 

Results
 

Optimization of LC-MS/MS condition

The MS conditions were optimized for obtaining an
appropriate  resolution  and  high  sensitivity  of
clopidogrel,  2-Oxo-CLP,  CAMD,  and  IS  in  the
plasma  samples.  The  transitions, m/z 322.0  →  212.0
for  clopidogrel, m/z 338.0  →  183.0  for  2-Oxo-CLP,
m/z 504.0  →  354.0  for  CAMD,  and m/z 430.0  →
372.0  for  IS,  were  chosen  for  quantification  of
analytes. MS collision parameters for each compound
are listed in Table 1. The full scan product ion spectra
and proposed fragmentation pattern of analytes and IS
are shown in Fig. 2.

It  is  important  to  optimize  chromatographic
conditions,  such  as  analytical  column  and  mobile
phase, to achieve an adequate retention of analytes on
column  and  desired  separation  with  endogenous
matrix.  In  addition,  clopidogrel  acyl  glucuronide  is
confirmed  as  a  major  source  of  back-conversion  to
clopidogrel  in  the  presence  of  methanol.  Since
transesterification  did  not  occur  in  acetonitrile,
acetonitrile  was  chosen  as  the  organic  additive  in
mobile phase. The usage of 0.1% aqueous formic acid
in  water  resulted  in  good  retention  and  peak  shapes
without  any  ion  suppression,  and  the  retention  time
(tR)  of  clopidogrel,  2-Oxo-CLP,  CAMD,  and  IS  was

Table 1   Optimized mass spectrometer parameters

Analytes
Precursor

ion
(m/z)

Fragment
ion

(m/z)

Cone
voltage

(V)

Collision
energy
(eV)

Clopidogrel 322.0 212.0 22 15

2-Oxo-CLP 338.0 183.0 24 17

CAMD 504.0 354.0 27 19

IS 430.0 372.0 28 21

2-Oxo-CLP:  2-oxo-clopidogrel;  CAMD:  clopidogrel  active  metabolite
derivative; IS: internal standard.
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4.78, 3.79, 3.59, and 4.82 minutes, respectively, with a
short run time of 5.5 minutes, which was important for
this high-throughput analysis.
 

Sample preparation

As  an  active  metabolite,  the  thiol  metabolite  of
clopidogrel  was  unstable  in  plasma  because  of  the
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Fig. 1   Metabolic pathways of clopidogrel and derivatization of clopidogrel active metabolite with MPB. Clopidogrel  is  hydrolyzed
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reactivity of the thiol group, which is prone to form a
disulfide  bond  with  either  itself,  or  endogenous  low
molecular-weight  compounds,  or  plasma proteins.  To
prevent  these  reactions  and  stabilize  the  thiol
metabolite, MPB was selected as an alkylating reagent
blocker[17].  The  derivatization  of  clopidogrel  active
metabolite  with  MPB  yielded  the  compound  of
CAMD, the chemical structures of which are shown in
Fig.  1.  MPB  was  initially  believed  to  have  a
deleterious  effect  on  clopidogrel  signals  in  the  mass
spectrometer.  However,  it  did  not  affect  the
qualification  of  clopidogrel,  neither  did  it  cause  any
significant MEs[16]. Therefore, the active metabolite of
clopidogrel  was  immediately  derived  along  with  the
blood sample collection, and thus ensuring its stability
during  sample  handling  and  storage  for  the
simultaneous qualification.

2-Oxo-CLP has  the  tendency  to  be  oxidized  to  the
sulfoxide  or  sulfone  without  a  reducing  agent.  DTT,
ascorbic acid and other reducing agents can be used to
maintain  2-Oxo-CLP  in  an  un-oxidized  state  during
sample  collection,  preparation  and  analysis.  Hence,
we investigated the impact  of  ascorbic  acid and DTT
on  the  experimental  results.  It  was  found  that
compared  with  DTT,  the  sensitivity  of  the  three
analytes  was  lower  when  choosing  the  ascorbic  acid,
because  of  the  solubility  of  ascorbic  acid.
Consequently,  to get  better  stability and extraction of
2-Oxo-CLP,  50  μL  of  DTT  (20  mmol/L)  was  added
into  the  supernatant,  which  was  consolidated  by
analyzing supernatant with or without DTT. As shown
in Table  2,  great  variation  of  the  recovery  results
could be observed without DTT.

The  impacts  of  HCl  concentrations  on  extraction
efficiencies  and  MEs of  the  three  analytes  have  been
studied. Extraction efficiency of the active metabolite
was  extremely  low  (about  30%)  when  HCl  (0.01
mol/L)  was  added,  because  carboxylic  acid  group  of

the  active  metabolite  could  be  dissociated  into
carboxylate anion. In contrast,  the matrix suppression
effects  of  the  three  analytes  were  significant  in
presence  of  HCl  (0.1  mol/L).  It's  worth  noting  that
0.05  mol/L  HCl  provided  better  extraction  efficiency
and  MEs  for  the  three  analytes  (Table  3).  We  chose
mifepristone as IS due to its similar polarity and stable
ionization rate to clopidogrel as well as its metabolites
without interference[18]. 

Method validation
 

Limitations of quantification

Independent LLOQ experiments were performed by
preparing the LLOQ in 6 different lots of the plasma,
and  back-calculating  the  concentration  as  a  'QC'
sample.  The  concentrations  of  LLOQ  were  0.05
ng/mL  for  clopidogrel,  0.50  ng/mL  for  2-Oxo-CLP,
and  0.50  ng/mL  for  CAMD,  respectively.  The  mean
accuracy  (RE  from  the  nominal  standard)  of
clopidogrel,  2-Oxo-CLP,  and  CAMD  was  13.3%,
10.4%, and 7.7%, respectively. The RSD were 13.2%,
5.1%,  and  1.9%,  respectively.  These  results  showed
that  the  concentrations  of  LLOQ  for  clopidogrel,  2-
Oxo-CLP, and CAMD could be detected precisely. 

Selectivity

Typical  chromatograms  of  extracts  from  the  LC-
MS/MS analysis are presented in Fig. 3. The tR values
for  clopidogrel  (1.00  ng/mL),  2-Oxo-CLP  (10.0
ng/mL),  CAMD  (10.0  ng/mL),  and  IS  (10.0  μg/mL)
were  4.78  minutes,  3.79  minutes,  3.59  minutes,  and
4.82  minutes,  respectively.  Similar  results  were
observed in the plasma sample collected from a CAD
patient  2  hours  after  taking  clopidogrel  for  75  mg.
Furthermore,  no  carryover  was  observed  for  either
analyte or IS by running a blank sample following the
upper  limit  of  quantification  (ULOQ;  50  ng/mL  for
clopidogrel, 50 ng/mL for 2-Oxo-CLP, 100 ng/mL for

Table 2   Recovery and matrix effect for clopidogrel, 2-Oxo-CLP and CAMD without DTT

Analytes Concentration (ng/mL)
Recovery Matrix effect

(%) RSD (%) (%) RSD(%)

Clopidogrel
0.1 101.9±8.3    8.1 76.7±2.3    3.0

40   81.5±12.0 14.7 75.8±10.0 13.2

2-Oxo-CLP
1   70.2±22.1 31.5 74.6±9.7  13.0

40   62.4±6.1    9.7 60.3±0.5    0.9

CAMD
1   72.2±26.9 37.2 75.1±9.7  12.9

80   82.4±15.2 18.4 69.8±2.2    3.1
All the data are presented as mean±SD. 2-Oxo-CLP: 2-oxo-clopidogrel; CAMD: clopidogrel active metabolite derivative; DTT: 1, 4-Dithio-DL-threitol; RSD: relative
standard deviation.
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Table 3   Impacts of concentrations of HCl on extraction efficiencies and matrix effects of the three analytes

Concentration
(ng/mL)

0.01 mol/L HCl 0.05 mol/L HCl 0.1 mol/L HCl
Extraction
efficiency

(%)

Matrix
effect
(%)

Extraction
efficiency

(%)

Matrix
effect
(%)

Extraction
efficiency

(%)

Matrix
effect
(%)

Clopidogrel

0.1 170.9±8.9 364.0±10.2 107.4±6.2  75.0±2.8  194.4±9.8  52.9±2.9

20 147.5±6.1 107.4±4.5  116.5±2.2  94.1±10.0 155.7±7.4  52.1±4.0

40 138.8±5.4   88.2±4.3  118.7±8.7  71.9±5.9  134.0±6.1  49.0±3.1

2-Oxo-CLP

1   96.5±6.4   72.1±4.3    92.5±3.9  63.7±3.4  115.1±9.5  40.5±3.6

20 103.2±3.4   61.3±4.0  117.0±3.5  71.6±5.0  148.3±6.5  38.2±3.1

40 103.9±3.2   64.5±4.3  110.9±7.8  63.7±4.6  133.7±3.5  39.5±2.0

CAMD
1   32.1±2.3   84.0±2.5    96.7±3.2 70.8 ±5.3    93.4±13.3 52.2±6.3

40   34.8±1.6   80.7±3.8  123.4±3.9  53.0±5.8  171.6±5.3  39.7±2.1
80   34.0±2.6   88.4±2.3  120.2±7.0  59.3±5.0  167.9±5.1  53.8±4.6

All the data were presented as mean±SD. 2-Oxo-CLP: 2-oxo-clopidogrel; CAMD: clopidogrel active metabolite derivative.
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Fig. 3   LC-MS/MS chromatogram of blank plasma extract, blank plasma spiked with clopidogrel, 2-Oxo-CLP, CAMD, IS, and the
patients'  plasma. A:  Blank  plasma  extract.  B:  Blank  plasma  spiked  with  clopidogrel  (1.00  ng/mL, tR=4.78  minutes),  2-Oxo-CLP  (10.0
ng/mL, tR=3.79 minutes),  CAMD (10.0 ng/mL, tR=3.59 minutes),  and IS (1 μg/mL, tR=4.82 minutes).  C:  Plasma sample collected from a
patient  at  2.0 hours  elapsed from administration of  75 mg clopidogrel.  LC-MS/MS: liquid chromatography tandem mass spectrometry;  2-
Oxo-CLP: 2-oxo-clopidogrel; CAMD: clopidogrel active metabolite derivative; IS: internal standard; tR: retention time.
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CAMD),  and  no  analyte  or  IS  peak  was  detected  at
their  respective  retention  time.  The  results  indicated
that  no  endogenous  interferences  existed  while
detecting these analytes. 

Linearity

Standard  curves  estimated  for  the  analytes  showed
good  linearity  over  the  concentration  ranges  as
follows:  0.05  to  50.0  ng/mL  for  clopidogrel,  0.5  to
50.0  ng/mL for  2-Oxo-CLP,  and  0.5  to  100.0  ng/mL
for  CAMD.  The  equations  of  standard  curves  and
correlation coefficients are presented in Table 4. 

Accuracy and precision

Intra-  and  inter-day  accuracies  of  the  method were
expressed  as  RE  by  pointing  to  relatively  high
accuracy in the estimation of the investigated analytes'
concentrations in plasma samples. Intra- and inter-day
precisions  of  the  method  were  expressed  as  RSD  by
fitting  the  ranges  that  were  required  for  testing  drug
and/or  metabolite's  contents  in  body fluids  (Table  5).
The  FDA  guideline  suggests  that  the  variability  is
allowed within ranges of ±15.0% for RSD, except for
the  LLOQ,  where  ±20% variability  is  acceptable.
These results proved that our method was accurate and
precise in per se. 

Stability

DTT  and  MPB  were  added  to  the  samples  for  the
stability  of  2-Oxo-CLP and CAM. Stock solutions  of
clopidogrel,  2-Oxo-CLP,  CAMD,  and  IS  in
acetonitrile  were  stable  at  −20  °C  for  at  least  2
months.  In  human plasma,  no  significant  degradation
(within  ±15% deviation  between  the  predicted  and
nominal  concentrations)  of  clopidogrel,  2-Oxo-CLP,
and  CAMD  occurred  under  different  storage
conditions. The stability test results are summarized in
Table 6. 

Extraction recovery and matrix effect

The  extraction  recoveries  in  human  plasma  were
(107.4±6.2)%,  (116.5±2.2)%,  and  (118.7±8.7)% at
0.1,  20,  and  40  ng/mL  for  clopidogrel,  (92.5±3.9)%,
(117.0±3.5)%,  and  (110.9±7.8)% at  1,  20,  and  40
ng/mL  for  2-Oxo-CLP,  and  (96.7±3.2)%,
(123.4±3.9)%,  and  (120.2±7.0)% at  1,  40,  and  80
ng/mL  for  CAMD,  respectively.  For  the  IS,  the
extraction  recovery  at  an  initial  concentration  of  10
μg/mL was (111.4±8.2)%.  The ME of  this  study was
evaluated by analyzing samples at three concentration
levels  (0.1,  20,  and  40  ng/mL  for  clopidogrel,  1,  20,
and  40  ng/mL  for  2-Oxo-CLP,  and  1,  40,  and  80

Table 4   Calibration curve equations for clopidogrel, 2-Oxo-CLP, and CAMD

Compound (ng/mL) Calibration curve equations Correlation coefficient (r)

Clopidogrel (0.05–50.0) Pclopidogrel/PIS=0.08147×Cclopidogrel +0.001820 0.9984

2-Oxo-CLP (0.5–50.0) P2-OXO-CLP/PIS=0.009094×C2-Oxo-CLP +0.0003292 0.9974

CAMD (0.5–100.0) PCAMD/PIS=0.01072×CCAMD+0.0004895 0.9979

2-Oxo-CLP: 2-oxo-clopidogrel; CAMD: clopidogrel active metabolite derivative.

Table 5   Intra-day and inter-day precision and accuracy for clopidogrel, 2-Oxo-CLP, and CAMD

Analyte
Nominal

concentration
(ng/mL)

Intra-day (n=6) Inter-day (n=3)
Mean assayed
value (ng/mL)

Accuracy
(RE [%])

Precision
(RSD [%])

Mean assayed
value (ng/mL)

Accuracy
(RE [%])

Precision
(RSD [%])

Clopidogrel

0.1   0.1 15.2 4.8   0.1 12.2 18.7

20 20.7   3.6 2.2 20.4   2.0   3.7

40 41.8   4.5 2.7 42.4   5.9   5.6

2-Oxo-CLP

1   1.1   5.8 4.7   1.0   2.8 19.2

20 21.2   5.8 4.0 20.6   2.9   6.4

40 41.0   2.7 5.8 42.4   6.0   7.7

CAMD

1   1.0   2.8 8.5   1.0   4.0 14.8

40 42.0   5.0 4.3 42.0   5.1   8.8

80 83.0   3.7 7.2 84.6   5.8   5.9
2-Oxo-CLP:  2-oxo-clopidogrel;  CAMD:  clopidogrel  active  metabolite  derivative;  RE:  relative  error,  RE=(nominal  sample  concentration –tested  sample
concentration)/nominal sample concentration×100%; RSD: relative standard deviation, RSD=SD value/mean value×100%.
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ng/mL  for  CAMD).  The  mean  MEs  of  the  six
different  samples  were  75.0%,  94.1%,  and 71.9% for
clopidogrel,  63.7%,  71.6%,  and  63.7% for  2-Oxo-
CLP, and 70.8%, 53.0%, and 59.3% for CAMD at the
three  concentration  levels.  The  mean  ME  of  IS  was
77.0%.  The  CV  values  of  MEs  were  all  within  15%
(2.5%,  10.6%,  and  8.2% for  different  doses  of
clopidogrel, 5.4%, 7.0%, and 7.3% for different doses
of  2-Oxo-CLP,  and  7.4%,  11.0%,  and  8.5% for
different  doses of  CAMD), indicating that  the impact
of  the  extracted  plasma  matrix  was  negligible  and
consistent.  The  extraction  recovery  and  ME  for
clopidogrel,  2-Oxo-CLP,  and CAMD were  consistent
when  examined  repeatedly  at  the  same  concentration
or at variant concentrations (Table 3). 

Clinical application

The utility of the assay for pharmacokinetic studies
has  been  demonstrated  in  CAD  patients  following  a
maintenance  dosing  of  75  mg  daily  clopidogrel.  The
mean  plasma  concentration-time  profiles  of
clopidogrel, 2-Oxo-CLP, and CAMD are presented in
Fig. 4, which shows a typical pharmacokinetic profile
obtained  for  clopidogrel,  2-Oxo-CLP,  and  CAMD.
With  one  CAD  patient  reaching  a  maximum  plasma
concentration  (Cmax)  at  17.0  ng/mL,  the  clopidogrel
calibration range (0.05 to 50 ng/mL) was sufficient to
measure  its  plasma  levels  observed  in  the  clinical
settings. The same method was applied to the 2-Oxo-
CLP  calibration  range  (0.5  to  50  ng/mL),  and  the
plasma  levels  of  2-Oxo-CLP  in  the  patient  also
reached  a Cmax at  9  ng/mL.  For  the  CAMD
calibration,  the Cmax was  at  16.0  ng/mL,  which  was
involved  in  the  CAMD  calibration  range  (0.5  to  100
ng/mL).

Interestingly, 24 hours after drug administration, we
found that  the  concentration  of  2-Oxo-CLP remained
at  a  high  level.  This  phenomenon  may  be  caused  by

complex  metabolic  pathways  of  2-Oxo-CLP,  since
multiple  metabolic  pathways  along  with  the  active
metabolite  formation  of  2-Oxo-CLP  existed[19].  The
levels  of  CAMD  reached  their  peaks  before  those  of
clopidogrel.  Such  a  phenomenon  could  be  explained
by  the  back  conversion  problem  or  a  rapid in-vivo
degradation of this active clopidogrel metabolite. The
bona fide reason  remains  to  be  quenched  in  future
investigations. 

Discussion

Our  study  has  successfully  developed  an  LC-
MS/MS  method  which  allow  simultaneous
determination  of  clopidogrel,  2-Oxo-CLP,  and  the
active thiol metabolite of clopidogrel.

CAD  patients  who  were  under  clopidogrel
treatment  and  present  with  thrombosis  or  bleeding
events  need  adjustment  of  the  dosage  or  selection  of
proper  P2Y12  inhibitor.  However,  the  platelet
function tests are not recommended to guide the anti-
platelet  treatment  in  this  scenario[12].  Thus,  it  is
important  to  investigate  the  pharmacokinetics  of

Table 6   Stability of clopidogrel, 2-Oxo-CLP, and CAMD in human plasma

Analytes Added (ng/mL)

Found (ng/mL)

At –80 °C
for 45 days

After
three-thaw

cycles

Plasma at room
temperature
for 8 hours

Extract at room
temperature
for 8 hours

Extract in the
auto-sampler at

4 °C for 24 hours

Clopidogrel
0.2   0.2±0.0    0.2±0.0   0.2±0.0   0.2±0.0   0.2±0.0

10 10.1±0.2  10.1±0.8 10.4±0.8 10.0±1.4 10.0±0.8

2-Oxo-CLP
2   2.0±0.1    1.9±0.2   2.2±0.4   2.1±0.2   2.2±0.2

50 50.6±1.2 51.0 ± 3.9 52.2±5.1 50.1±7.6 49.0±3.7

CAMD
2   2.0±0.1   1.9 ± 0.2   2.2±0.4   2.0±0.2   2.1±0.2

50 50.4±1.2  51.5±3.8 51.1±4.9 49.6±7.7 50.1±3.9

All the data are presented as mean±SD. 2-Oxo-CLP: 2-oxo-clopidogrel; CAMD: clopidogrel active metabolite derivative.
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Fig.  4   Mean  plasma  concentrations  of  clopidogrel,  2-Oxo-
CLP,  and  CAMD  in  three  patients. The  horizontal  axis
represents  plasma  concentrations.  The  vertical  axis  represents  the
time  after  taking  clopidogrel.  2-Oxo-CLP:  2-oxo-clopidogrel;
CAMD:  clopidogrel  active  metabolite  derivative.  Data  are
presented  as  mean±SD  (n=3).  CLP:  clopidogrel;  2-Oxo-CLP:  2-
oxo-clopidogrel; CAMD: clopidogrel active metabolite derivative.
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clopidogrel for the guidance on the clinical treatment,
and to develop an effective and applicable method to
determine  clopidogrel  as  well  as  its  essential
metabolites.

Previous studies have reported the determination of
clopidogrel as well as its metabolites[15,20]. However, to
the  best  of  our  knowledge,  none  of  them
simultaneously detected the same components as ours
in  clinical  settings.  Tuffal  and  Michael et  al adopted
the  LC-MS/MS  method  and  successfully  separated
four  thiol  metabolites  in  healthy  human  plasma[21–22].
However,  the  2-Oxo-CLP  was  not  detected  in  their
studies.  Lyngby et  al identified  clopidogrel  and  its
metabolites, including 2-Oxo-CLP and CAM in feline
plasma.  However,  the  study  was  limited  to  animal
experiment[23].  In  addition,  Heestermans  and
Karaźniewicz-Łada et  al dissected  and  quantified  the
plasma  concentrations  of  clopidogrel,  the  inactive
carboxyl  metabolite  and  CAM  in  CAD  patients[3,20].
Nevertheless,  the inactive carboxyl metabolite was of
limited  clinical  significance[24].  By  comparison,  the
clopidogrel,  2-Oxo-CLP,  and  CAM  are  3  essential
components  that  represent  the  metabolic  status  of
clopidogrel in clinical settings[25], thus, they should be
adopted  when  investigating  the  metabolic  status  of
clopidogrel to guide the anti-platelet treatment.

Compared with some previous methods which were
built  up  on  healthy  volunteers[14,16,21–22],  our  strategy
has been validated in 3 CAD patients who underwent
stent implantation. It should be addressed that patients'
condition  may  be  complicated  by  accompanied  with
other  diseases  and  treated  with  various  medications,
therefore,  more  interfering  factors  may  occur  during
the  determination  of  clopidogrel  and  its  metabolites.
Under  such  condition,  our  method  is  more  clinically
applicable, which can be directly adopted to determine
the per se metabolic  status  of  clopidogrel  in  patients
with CAD.

Some important  points  should  be  noted:  1)  2-Oxo-
CLP was found to be unstable in plasma. Considering
that  DTT  is  a  well-known  anti-oxidative  reagent  due
to  its  reducibility  of  S-S  bonds  and  addition  of  DTT
can  stabilize  drugs  and  their  metabolites[26],  we  used
DTT  to  stabilize  2-Oxo-CLP  immediately  after
collecting  the  blood  samples.  2)  2-Oxo-CLP  is
subsequently  hydrolyzed  to  form  the  CAM,  which  is
also unstable and difficult to be quantitated due to its
reactive thiol group[20]. Fortunately, the MPB can bind
with  this  group  and  forms  a  stable  compound  of
CAMD[23],  allowing  us  to  detect  the  concentration  of
CAM indirectly.

Our  study  has  potential  limitations.  First,  due  to
limited  funding  and  very  expensive  standards,  the

selectivity was only tested once in the blank plasma in
this  study.  However,  we  performed  and  built  up  this
detection referring to the previous work, in which the
selectivity  had  been  performed  using  six  different
sources  of  blank  plasma[18].  In  our  system,  we  re-
checked  the  selectivity  and  found  the tR values  of
clopidogrel  and  IS  were  similar  to  those  in  the
previous study[18]. In addition, the tR values were well
consistent  within  the  patient's  plasma.  Thus,  we
believe that our system is practical to reveal the per se
changes  of  the  three  analysts.  Second,  the  difference
of  recovery  between  the  lowest  and  the  highest
percent extraction was over 15%, and most recoveries
were  above  100%.  This  might  be  caused  by  the
interference of sample matrix, matrix effect of human
plasma,  impurity  of  the  standards, etc.  However,  we
have to report what we had reached in the experiment,
as  it  was  limited  to  obtain  other  batches  of  these
standards  to  repeat  the  experiments  due  to  limited
funding and expensive standards.

To  summarize,  our  study  provides  an  applicable
method  to  simultaneously  determine  the  plasma
clopidogrel,  2-Oxo-CLP,  and  the  clopidogrel  active
thiol  metabolite,  which  will  simplify  the  future
pharmacokinetic  study  of  clopidogrel,  and  help  to
fulfil  the  pharmacokinetic  parameters-guided  anti-
platelet treatment. 
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