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Abstract

A new HPLC method was developed for the estimation of carboxylic acid metabolite of clopidogrel bisulfate in rat plasma using atorvastatin
as internal standard. Plasma samples were extracted with a mixture of ethyl acetate and di-chloro methane (80:20, v/v) followed by subsequent
reconstitution in a mixture of water:methanol:acetonitrile (40:40:20, v/v). The chromatographic separation was achieved with gradient elution
on Kromasil ODS, 250 mmx 4.6 mm i.d., Gum analytical column maintained at 30. Carboxylic acid metabolite of clopidogrel as well as
the internal standard were detected at a wavelength of 220 nm. The method was validated as per USFDA guidelines. Calibration curves were
linear in the concentration range of 125.0-32,000 ng/ml and the correlation coefficient was better than 0.999. The extraction efficiency for the
carboxylic acid metabolite of clopidogrel was more than 85.76%. The intra-day accuracy ranged from 98.9% to 101.5% with a precision of
1.30% to 6.06%. Similarly, the inter-day accuracy was between 96.2% and 101.1% with a precision of 3.47% to 4.30%. The drug containing
plasma samples were stable-at0°C for 48 days and at ambient temperature for 24 h. In the auto-sampler maintaine€ati&processed
and reconstituted samples were stable for 35 h. The drug containing frozen plasma samples were stable enough to with stand three freeze thav
cycles. The method was successfully applied to the pharmacokinetic study of the two different polymorphs of clopidogrel bisulfate in Wistar rat.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction and CYP3AYH2]; is essential for its in vivo antiplatelet activ-
ity. The active metabolitf8] a thiol compound, is formed by
Clopidogrel is pro-drug, which inhibits platelets aggrega- the oxidation of clopidogrel to 2-oxo clopidogrel and subse-
tion. The active metabolite of clopidogrel selectively inhibits quent hydrolysis. The active metabolite is highly labile and
adenylate cyclase, ADP-induced platelet aggregation by di- remains un-detected in plasma. It was isolated in vitro from
rect inhibition of ADP binding to its receptor which further rat microsomes and the structure elucidatj@h was per-
leads to the inhibition of subsequent ADP-mediated activa- formed on stabilized acrylonitrile derivative.
tion of GPIIb-lla complex[1]. Clopidogrel is similar to ticlo- Following an oral administration in human, the plasma
pidine in chemical structure but unlike ticlopidine itis devoid levels of clopidogrel are very low due to extensive
of the side effects of serious reduction of white cells. Long metabolism and difficult to quantify. The main circulating

term prophylactic use of clopidogrel has been repojiétb metabolite (the carboxylic acid derivative) is pharmacologi-
be beneficial in the prevention of ischemic stroke, myocardial cally inactive and represents 85% of circulating metabolites
infarction and vascular death in patients. in human plasma. Since, neither the parent drug nor the active

Clopidogrelis inactive in vitro and hepatic biotransforma- metabolite is detected in plasma, the measurement of phar-
tion via cytochrome P450 pathway, primarily by CYP3A4 macodynamic effect by estimating platelet aggregdtdis
believed to be a better measure for in vivo estimations. How-
mpondmg author. Tel.: +91 2717 250801 805: ever, tr_\e quantitgtion of inactive carboxylic ac?d mgtabol_ite
fax: +91 2717 250606. of clopidogrel which is the most abundant species circulating
E-mail addresssonusingh@zyduscadila.com (S.S. Singh). in blood, has immerged as an indirect approach for studying
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the pharmacokinetics of clopidogrel. Several studies have al-Merck, KGaA, Darmstadt, Germany. Trifluroacetic acid was
ready been reported earlier where the carboxylic acid metabo-procured from Merck, Germany. Drug free blank plasma was
lite of clopidogrel was measured by GC—NEJ and chiral obtained by sacrificing several Wistar rats. HPLC grade type
HPLC[6]. The LC-MS methods have been reported for the Il water from Millipore’s Milli-Q System was used through-
parent compounf¥] and also for the carboxylic acid metabo- out the pre-study validation and analysis.

lite of clopidogrel[8]. There were no methods reported for

the estimation of its carboxylic acid metabolite of clopido- 2.2. Instrumentation

grel by reverse phase HPLC which is the most convenient

and common analytical technique so far. Therefore, a new The liguid chromatograph consisted of an integrated
HPLC method was developed for the estimation of inactive HPLC system of Agilent 1100 Series pump, autosampler,
carboxylic acid metabolite of clopidogrel in rat plasma. The degasser and UV/VIS detector. Chemstation Rev.A.09.01.
prime objective of the study was to compare the pharmacoki- (1206) software, from Agilent technologies, was used to ac-
netics of two different polymorpH8] of clopidogrel bisulfate quire and process all chromatographic data.

after an oral dose of 30 mg/kg in male Wistar rat. The method

was validated in accordance with USFDA guidel[t] to 2.3. Preparation of stock and working standard

assess its specificity, sensitivity, accuracy and precision.  gg|utions

The stock standard solutions of the carboxylic acid

2. Experimental metabolite of clopidogrel (320,000 ng/ml) were prepared
separately for calibration standards and quality-control
2.1. Reagents and chemicals (QC) samples, by dissolving appropriate amount of the

compound in water:methanol:acetonitrile (40:40:20, v/v)

Working standards of carboxylic acid metabolite of clopi- mixture. The stock standard solution was subsequently di-
dogrel (purity 99.87%) Kig. 1) and atorvastatin (purity  luted in the same diluent to obtain working standard so-
99.75%) were prepared by Zydus Research Centre, Cadilalutions in the range 1.25-160,000 ng/ml. A 320,000 ng/ml
Healthcare Ltd. Acetonitrile Omnisdhwas purchased from  working solution of internal standard (IS) was prepared in
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Fig. 1. Structures of carboxylic acid metabolite of clopidogrel and IS.
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water:methanol:acetonitrile (40:40:20, v/v) mixture. All so- 2.7. Bio-analytical method validation
lutions were stored at 2—<&.
2.7.1. Linearity (calibration curves)

2.4. Preparation of calibration standards, quality The linearity of the method was evaluated using freshly
control and study samples prepared spiked plasma samples in the concentration range
of 125-32,000 ng/ml. Four such linearity curves were ana-
To 160ul of the drug free plasma, 20 of working solu- lyzed. Each calibration curve consisted of a blank sample, a

tions of carboxylic acid metabolite of clopidogrel was added zero sample and six calibrator concentrations. Samples were
to yield final respective concentrations as: 125, 500, 2000, quantified using the ratio of peak area of analyte to that of IS
4000, 16,000 and 32,000 ng/ml of carboxylic acid metabolite as the assay parameter. Peak area ratio were plotted against
of clopidogrel in plasma. To each calibration standardu0  plasma concentrations and standard curves were calculated
of internal standard solution was added and vortexed. QCby the equationy=mx and intercept were forced through
samples (250, 1000, 8000 and 24,000 ng/ml) were also pre-zero. A correlation of more than 0.99 was desirable for all
pared in a similar manner. For preparing study sampleg| 20 the calibration curves.

of working solution of internal standard was added {L.86f

plasma, and vortexed for 60s. 2.7.2. Limit of detection (LOD) and lower limit of
_ quantitation (LLOQ)
2.5. Sample preparation procedure The limit of detection was defined by the concentration

with a signal-to-noise ratio of 3. The lowest standard on

To the calibration standards, QC samples and study the calibration curve was to be accepted as the lower limit
samples, 2.5ml of extraction solvent (ethyl acetate: of quantitation if it complied the acceptance critef&]
dichloromethane; 80:20, v/v) was added and vortexed for of exhibiting the analyte response five times that of drug
about 1 min. After centrifuging for 10 minat3220g, 2mlof free (blank) processed plasma. In addition, the analyte peak
the supernatant was transferred to the evaporation tube. Theén LLOQ sample should be identifiable, discrete, and re-
supernatant was evaporated to dryness in the thermostaticallysroducible with a precision 0£20% and accuracy within
controlled water-bath maintained at 85 under the stream  80%-120%. The deviation of standards other than LLOQ
of nitrogen for about 20 min. The dry residue was recon- should not be more thah15% of the nominal concentration.
stituted in 10Qul of water:methanol:acetonitrile (40:40:20, |t was desirable that a minimum of five non-zero standards,
v/v) mixture and transferred to 1 ml vial for injection into including LLOQ, met the above criteria.
HPLC.

2.7.3. Specificity
Randomly selected drug free plasma samples from six dif-
ferent rats were processed and injected into HPLC to assess

A simple gradient method was used, where the percent- g extent to which endogenous plasma components may in-
age of solvent A, buffer (0.05% trifluoroacetic acid in water) iarfere at retention times of analyte and IS.

and solvent B—acetonitrile was varied as showifable 1
The total run time was 20 min and the total flow rate was
1 ml/min. The separation was achieved on Kromasil ODS,
“250 mmx 4.6 mmi.d., 5um” analytical column maintained
at 30°C and detection at 220 nm. Fifty microliter of sample,
keptin autosampler at P& was injected into HPLC for each
chromatographic run.

2.6. Chromatographic conditions

2.7.4. Extraction efficiency (recovery)

The extraction efficiency of carboxylic acid metabolite of
clopidogrel was evaluated by comparing the mean peak re-
sponses of four QC samples of 250, 1000 and 8000 concen-
trations to the mean peak responses of four plain standards of
equivalent concentration. Similarly, the recovery of IS was
evaluated by comparing the mean peak responses of four

Table 1
Gradient program used for the separation of carboxylic acid metabolite of quality control samples to mean peak responses of four plain
clopidogrel standards of at the concentration of 16,000 ng/ml. According
Time (min) Solvent A (0.05% TFA Solvent B (acetonitrile) to the acceptance criteri@] the recovery of the analyte or IS
in water) does not need to be 100%, but should be consistent, precise

0.0 90.0 10.0 and reproducible.

2.0 90.0 10.0
1‘3:8 gg:g ?8:8 2.7.5. Accuracy and precision
120 10.0 90.0 Intra-day accuracy and precision were evaluated from
150 10.0 90.0 replicate analysisn= 6) of quality-control samples contain-
16.0 60.0 40.0 ing the carboxylic acid metabolite of clopidogrel at different
180 90.0 10.0 concentrations (LLOQ, low, medium and high) on the same
20.0 90.0 10.0

day. Inter day accuracy and precision were also assessed from
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the analysis of the same QC samples on four separate occasamples were subjected to three freeze thaw cycles. After the

sions in replicater(= 6). QC samples were analysed against completion of third cycle the samples were analyzed. The

calibration curves. concentrations thus obtained were compared with the theo-
The evaluation of precision was based on the critidja retical value of QC samples, and the samples qualified the test

that the, relative standard deviation for each concentrationif the deviation from the nominal value was withifi15%.

level should not be more thah15% except for the LLOQ,

for which it should not exceett20%. Similarly for accuracy,  2.7.6.6. Dried extract stabilityThree aliquots each of, low

the mean value should not deviate £5% of the nominal and high QC samples were extracted and kept in deep freezer

concentration except for the LLOQ where it should not devi- at—704+ 5°C, without reconstitutioni.e., in dried state. After

ate by more thad-20% of the nominal concentration. 24 h, the samples were brought to ambient temperature, re-
constituted, analyzed and concentrations obtained were com-
2.7.6. Stability pared with theoretical values. A deviation of more tHakb%

2.7.6.1. Long term stabilityFour aliquots each of, low and  was undesirable.
high QC samples were kept in deep freezer-@0+5°C
for 48 days. Thereafter, the samples were processed and an&2.7.6.7. Effect of dilution on sample integritpuring the
lyzed using freshly prepared calibration standards. The con-course of study the probability of encountering samples with
centrations thus obtained were compared with the theoreticalconcentrations above the upper limit of quantitation (ULOQ)
value of QC samples to determine the long-term stability of cannot be ruled out and therefore they have to be diluted with
carboxylic acid metabolite of clopidogrel in rat plasma. The drug free plasma to bring them within the calibration range.
samples were to be considered stable if the percentage chang€o establish the effect of dilution on the integrity of sam-
(bias) in the concentration of the stability samples was not ples, four aliquots of 40,000 ng/ml were prepared. The sam-
more thant-15% of the theoretical value. ples were further subjected to five-fold dilution with drug
free rat plasma to bring them within the calibration range.
2.7.6.2. Short term stabilityFour aliquots each of the low  The samples were processed, analyzed and the concentra-
and high unprocessed QC samples were kept at ambient temtions obtained were compared with theoretical values. The
perature (20-30C) for 24 h in order to establish the short- effect of dilution was to be considered insignificant if the
term stability of carboxylic acid metabolite of clopidogrel in  percent deviation in concentration of the stability samples
rat plasma. Thereafter, 20 of working solution of IS was from theoretical values was withifi15%.
added and the samples were processed and analyzed. The
concentrations thus obtained were compared with the theo-2.8. Pharmacokinetic study in rat
retical value of QC samples. The percentage deviation in the
concentration of the stability samples from the theoretical =~ Two groups of male rats 8—10 weeks of age; were used for
values was calculated and the stability was to be concludedthe study. Each group consisted of six animals. All animals
if the bias was withint:15%. were fasted for 18 h prior to the administration of the drug.
Food was supplied after 4 h of drug administration and there
2.7.6.3. Autosampler stabilityn order to establish the au- was free access to water through out the study. Each group of
tosampler stability of carboxylic acid metabolite of clopi- animals received a single oral dose of 30 mg/kg of different
dogrel in reconstituted extracts, four aliquots each of low polymorphs (forms | and form Il) of clopidogrel. A homoge-
and high QC samples were stored at€5in auto-sampler  nous suspension of clopidogrel bisulfate was prepared in a
for 35.0 h. Thereafter, samples were injected into HPLC and vehicle comprising of 0.5% (w/v) carboxy methyl cellulose
concentrations were compared with the theoretical value. The(CMC) in water and polyethylene glycol (PEG) 400 (90:10,
samples were to be considered stable if the bias was withinv/v). 0.3 ml of blood was withdrawn from the retro-orbital
+15%. plexus of a rat into heparinized eppendorf tubes at various
time points as; predose, 0.08,0.17,0.33,0.67, 1, 2,4, 6, 8,24
2.7.6.4. Solution stabilityln order to determine the sta- and 48 h after dose administration. Samples were kept on ice
bility of carboxylic acid metabolite of clopidogrel in solu- until centrifugation. Plasma was separated by centrifugation
tion, working standard solution of 6000 ng/ml was kept at at approximately 3228 g for 5min at 25+ 5°C and im-
2-8°C for 68 days. Thereafter, the mean areas of carboxylic mediately analyzed. The pending samples were stored in the
acid metabolite of clopidogrel from five replicate chromato- deep freezer at 70+ 5°C until analyzed. The study adheres
graphic runs were compared to that of mean area of freshlyto “Principles of Laboratory Animal Care” and is approved
prepared solutions of same concentration. The samples qualby the animal care committee IAEC/CPSEA—Institutional
ified the criteria of stability if the deviation was withih2%. animal ethics committee/Committee for the purpose of con-
trol and supervision of experiments on animals.
2.7.6.5. Freeze thaw stability of frozen plasma samples. The pharmacokinetic parameters namely: maximum
Four aliquots each of low and high unprocessed QC sam-plasma concentratioiCf,ay), time point of maximum plasma
ples were stored at70+ 5°C. Thereafter, the frozen plasma concentration Tmax), area under the plasma concentration—
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time curve from 0 to the last measurable concentration 3.1.3. Specificity

(AUCy_¢), area under the plasma concentration—time curve  No significant interfering peaks were observed at the re-
from 0 to infinity (AUCy _ ), elimination rate constantf) tention times of either analyte or internal standard in six dif-
and half-life of drug elimination during the terminal phase ferent lots of drug free rat plasma samples used for analysis.
(t1/2) were estimated using non-compartmental analysis of The chromatographic separation has been exhibitEdjir2
WinNonlin Professional Software Version 4.0.1 (Pharsight

Corporation, USA). 3.1.4. Recovery (extraction efficiency) from plasma

matrix

The extraction efficiency of carboxylic acid metabolite

3. Results and discussion of clopidogrel from rat plasma at the concentrations of 250,

1000, 8000 and 24,000 ng/ml was found to be 88.5%, 88.1%,
3.1. Bio-analytical method validation 85.8% and 87.0% with precision of 8.7%, 1.5%, 0.2% and

4.9%, respectively. The mean recovery for internal standard
3.1.1. Linearity was 90.5%t 5.2%.

All calibration curves were found to be linear over the
calibration range of 125-32,000 ng/ml. The mean correlation 3.1.5. Accuracy and precision

coefficientwas 0.99%-test on lack of fitat 95.0% confidence The intra-day accuracy ranged between 98.9% and
level was performed and it exhibited significance. The results 101.5% with a precision of 1.3%to 6.1%aple 3. The inter-
are presented ifiable 2 day accuracy was between 96.2% and 101.T8ble 3 with

a precision of 3.5% to 5.5%. One-way analysis of variance
3.1.2. Limit of detection and lower limit of quantitation (ANOVA) was carried out with grouping variable “day” to

The LOD was 75ng/ml. The LLOQ was 125 ng/ml with  assess precision at 95% level. The result was non-significant

coefficient of variation of 7.3% and accuracy of 97.6%. when data for each day was compared with other days and
The ULOQ was 32,000 ng/ml with coefficient of variation within the same day.

of 1.9% and accuracy 101.4%. Results are presented in  plasma samples containing carboxylic acid metabolite

Table 2 of clopidogrel at concentrations of 40,000 ng/ml could be
Table 2
Summary of calibration standards of carboxylic acid metabolite of clopidogrel in rat plasma
Nominal concentration (ng/ml) Mean concentration found (ng/ml) Recovery (%) R.S.D. (%) n
125 122 976 7.3 4
500 503 100 3.2 4
2000 2085 108 5.1 4
4000 4005 100 23 4
16000 15378 924 3.1 4
32000 32438 10% 1.9 4
Calibration curve Y intercept Slope Correlatiom?) F-test
F p-value
1 0 0.0161 0.9988 30.90 <0.05
2 0 0.0135 0.9983 24.49 <0.05
3 0 0.0131 0.9999 24.23 <0.05
4 0 0.0157 0.9991 20.72 <0.05
Mean 0 0.0146 0.999 - -
Table 3
Intra- and inter-day precision and accuracy of the method
Nominal concentration (ng/ml) Mean concentration found (ng/ml) Precision (%) Accuracy (%) n
125 124 34 9% 6
250 254 6.1 1056 6
Intra-day 1000 1001 4.5 100 6
8000 8017 1.3 100 6
24000 24077 25 108 6
125 123 35 9% 24
250 253 4.3 1on 24
Inter-day 1000 995 3.8 9% 24
8000 7694 43 %@ 24

24000 24029 5.54 1002 24
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Fig. 2. (a) Representative HPLC chromatogram of blank plasma. (b) Representative HPLC chromatogram of mid QC plasma sample containing carboxylic
acid metabolite of clopidogrel (1000.0 ng/ml), and atorvastatin (IS). (c) Representative HPLC chromatogram of LLOQ plasma sample contagiity carbo

acid metabolite of clopidogrel (125 ng/ml) and atorvastatin (1S). (d) Representative HPLC chromatogram of 20 min plasma sample containifgazadboxy!
metabolite of clopidogrel and atorvastatin (1S).
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Table 4

Summary of stability of carboxylic acid metabolite of clopidogrel in rat plasma

Stability Nominal concentration Mean concentration found Recovery (%) R.S.D. (%) Bias (%) n
(ng/ml) (ng/ml)

Long term (48 days;-70°C) 250 244 977 2.1 -23 4
8000 7822 9B 1.7 —2.2 4

Short term (24 h, 26-30°C) 250 251 10t 2.1 Q4 4
8000 8062 108 11 Q8 4

Auto sampler (35 h, 15C) 250 246 98 1.7 -18 4
8000 7892 oF 0.4 -14 4

Freeze-thaw (3 cycles;70°C) 250 240 99 1.9 —-4.1 4
8000 7705 968 1.6 —-3.7 4

Dry-extract (24 h—~70°C) 250 249 938 0.4 -0.2 4
8000 7953 oA 0.9 —-0.6 4

accurately quantified after five-fold dilution with drug free
plasma and bringing them within the calibration range. The
back calculated average concentration was 7948 ng/ml (pre-
cision, 0.7%) with the accuracy of more than 99.0%. T

Conc (ug/ml

3.1.6. Stability

The carboxylic acid metabolite of clopidogrel was stable at
—70+5°Cfor48daysinrat plasma. The percentbias for car-
boxylic acid metabolite of clopidogrel ranged fren2.2% to
—2.3% at the concentrations of 250 and 8000 ng/ml, respec-
tively (Table 4. Carboxylic acid metabolite of clopidogrel 0 10 20 30 40 50
was found to be stable for 24 h in rat plasma at ambient tem- Time (h)

perature (20—30C). The percent bias observed were 0.4% ) ) o
and 0.77%, at the two QC Ieverﬁa(ble 4 Fig. 3. Mean plasma concentrations vs. time plots of carboxylic acid metabo-

. . . lite of clopidogrel after a single oral dose (30.0 mg/kg) of two different poly-
In the autosampler maintained at“i5, the reconstituted morphs of clopidogrel bisulfate in male Wistar rat under fasting condition.

extracts were stable for 35 h and the percent bias for the drug(Form 1 and Form Il are the two polymorphs of clopidogrel as described in
concentrations were 1.8 and—1.4% at the two QC levels  US patent no US 6,429,210 B1).

(Table 9 studied. Plasma samples containing carboxylic acid

metabolite of clopidogrel were stable even after subjecting The mean AU@_y for form 1 and form I

to three-freeze thaw cycles. The percent bias observed afteivas 109.8-18.5 and 97.1% 26.7pugh/ml, respectively.
three freeze thaw cycles wast.1% and—3.7% at low and The AUCGo-~) was found to be 124221.3 and

high QC levels as depicted ifable 4 111.84 33.2pg h/ml. The mean concentration versus time
Dried residues containing carboxylic acid metabolite of graphs for the two polymorphs are showrFiig. 3. The data
clopidogrel were stable at70+ 5°C for 24 h (Table 4, with indicates that form | was superior to form Il in terms of both

a percentage bias ef0.2% and-0.6%, respectively. Which  rate and extent of absorption.
implies that if the analysis was held due to some unanticipated

reasons, the processed samples could be safely stored for 24 h

without reconstitution. Working solutions of carboxylic acid 4 conclusions

metabolite of clopidogrel and IS found to be stable for 68

days at 2-8C. The simple bio-analytical methodology described in this

manuscript allowed the estimation of carboxylic acid metabo-
3.2. Pharmacokinetic study lite of clopidogrel up to 125 ng/mlin rat plasma with adequate
accuracy and precision. The method was validated and was
The oral pharmacokinetics of the polymorphs of clopido- successfully applied to bio-analysis involving the pharma-
grel bisulfate was compared in terms of extent (A ¢and cokinetic study of clopidogrel bisulfate in Wistar rat. The

AUC) _ ) and rate Cnax and Tmay) of absorption. analysis of pharmacokinetic parameters obtained for the two
The meanCpax for the two polymorphs; form | and  polymorphs confirmed that the form | of clopidogrel bisulfate
form 1l, of clopidogrel bisulfate were 12:£1.4 and salt was orally more bioavaliable than form Il. A comparison

8.0+ 4.0ng/ml, respectively. The mearmax for form | and of the present HPLC method with the reported metj@hdor
form Il were 1.0+ 0.0 and 1.Gt 0.2 h, respectively. the estimation of carboxylic acid metabolite of clopidogrel
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shows that the LLOQ of the present method is quite compara- Ruchy Shah for performing the statistical evaluation of
ble the LLOQ of 93.0 ng/ml in the reported LC—MS method. data.

The present method shows a extraction efficiency more than

85.0% by simple liquid—liquid extraction technique where

in the reported methof@] an extraction efficiency of 74.6%  References
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