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Abstract

Objective: The study was performed to compare the bioavailglfbioequivalence) of a
newly developed generic formula of clopidogrel 7§ tablet as a test product against
Actavis tablet containing 75 mg clopidogrel as téerence formula.

Methods: The newly developed generic formula of clopidogablet was prepared using
co-processed excipients composed mainly of micstatyne cellulose,
superdisintegrant, glidant, and magnesium stedratgtro dissolution test was done first
to compare the test to the reference formulaspviedd by then vivo study. Both drug
products were administered to 40 Iragi male headthylt subjects under fasting state
applying randomized, two periods, two sequences;vtay crossover design with one
week washout period between dosing. Blood sampége wbtained over 72 hours
interval from each subject, and the concentratadrike inactive metabolite of
clopidogrel (clopidogrel carboxylic acid) were detned in serum by LC-MS/MS
method. From serum concentration versus time da¢aah subject, the
pharmacokinetics parameters AUCO-t, AUCO-infiniymax, Tmax, and T0.5 were
calculated applying non-compartmental data analysis

Results: The dissolution profile of the test product wasrfduo be similar to the reference
product with similarity factorf@) equal to 79.4%. The geometric mean ratios of the
primary pharmacokinetic parameters used for biogdence testing of the test/reference
products were; 102.47% for AUCO-t, 102.68% for@@infinity and 101.85% for
Cmax. The 90% confidence intervals for AUCO-t, AUi@finity and Cmax were 93.46-
109.18 %, 98.78-108.32% and 91.65-104.33%, resdygtiSince the 90% confidence
intervals for these parameters were within the 89 interval proposed by FDA, it was
concluded that the newly developed clopidogrel thtablet was bioequivalent to the
reference product produced by Actavis in term dhlibe rate and extent of absorption
and bioavailability. Consequently, the newly depeld clopidogrel 75 mg tablet is
interchangeable with clopidogrel 75 mg tablet mantifred by Actavis and can be
prescribed as an alternative in the Iragi market.
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1. INTRODUCTION

Clopidogrel bisulfate is an inhibitor of ADReuced platelet aggregation and
mechanism of action is by inhibition of adenosifghdsphate (ADP) binding to its
receptor. Chemically it is methyl (+fa- (2-chlorophenyl)-6, 7-dihydrothieno [3, 2-c]
pyridine-5(4H)-acetate sulfate (1:1). The empirical formulalopidogrel bisulfate is
C16H16CINO2S*HSQy, and its molecular weight is 419.9. Each 98 mglopidogrel
bisulfate is equivalent to 75 mg clopidogrel. Ctbggrel is chemically related to
ticlopidine but lower side effects and dose. Si@t&pidogrel inhibits platelet
aggregation thus it can be used for patients umieggplacement of a coronary stént

Clopidogrel is a prodrug, it is rapidly, bntompletely absorbed after oral
administration and extensively metabolized to a&ctind inactive metabolites. The blood
levels of the parent drug and its active metabalitelow in plasma; however the major
circulating compound is an inactive carboxylic gative, which its blood concentration
is used to analyze the pharmacokinetic profilelopidogrel@.

Clinical studies have shown that clopidoga@hbined with aspirin is useful in the
patient’s treatment have myocardial infarction wih-elevation. Patients have
myocardial infarction without ST-elevation or urigaangina must be treated with
clopidogrel combined with aspirin for at least nmenths to lower the risk vascular
death, nonfatal myocardial infarction, and nonfatedke®),

Co-processed excipients are combinations gértian one excipient which have new
physical properties better than individual excipiegarding compressibility and
flowability, in addition to the low cost of produah.

The newly developed generic drug product is a evhigh is formulated and prepared by
the company or researcher other than the innoadtier finishing patent protection time.
The generic drug formulation knowhow is belongiadhe producer except for the active
ingredient. A generic must contain the same actigeedients as the original
formulation. According to the US Food and Drug Adisiration (FDA), generic drugs
are identical or within an acceptable bioequivalamige to the brand name counterpart
concerning to pharmacokinetic and pharmacodynanoiggsties.

The objective of this study was to compardtbyitro dissolution test anuh vivo
comparative bioavailability (bioequivalence) stadgewly developed generic formula
(clopidogrel 75 mg tablet) as a test product whita teference clopidogrel 75 mg tablet
produced by Actavis and marketed in Iraqg.
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2. SUBJECTS, MATERIALS, AND METHODS
Study protocol

The study was performed following the HelsiBlclaration and Good Clinical
Practice Guideline described in International Coatiee of Harmonization (ICH).
Informed consent was signed and received from ealkimteer before starting the study.
The study was conducted at bioequivalence labora@wllege of Pharmacy, University
of Baghdad, Baghdad, Irag. The study protocol vegsaved by the ethical committee of
the College of Pharmacy before study conduct.

Subjects

Forty healthy male adults volunteers, agegeasf 20-45 (mean +SD: 31+5.3 years),
heights between 165.0 -195.0 (182.0+ 0.96 cm),vegight between 62 -95 kg (7315.7
kg), and deviation not more than 15% of their ideady weight were accepted to enroll
in the study. Subjects were got acceptance forlmerd in this study if they have
complied with all the inclusion and exclusion aridestated in the protocol.

All the participants were considered heattepending on physical examination,
ECG, and the following laboratory tests which irdglood glucose, urea, creatinine,
AST, ALT, alkaline phosphatase, Gamma GT, totatubin, albumin, total protein,
triglycerides, total cholesterol, hemoglobin, hemaait, total and differential white cell
counts, routine urine tests, and negative for Hid &HBV.

Materials

Clopidogrel bisulfate was a gift from Pion€aympany for pharmaceutical industries,
Irag. Microcrystalline cellulose, superdisintegragiidant, and magnesium stearate were
a gift from State Company for Drugs Industry anddMal Appliances (SDI), Iraq. All
other reagents used in the study were of HPLC grade

Drug products

The test product (Clopidogrel tablet) was @igeleveloped generic formulation
containing 75 mg clopidogrel. The reference forrmiatawas clopidogrel 75 mg
manufactured by Actavis. The generic tablet wapgmed using co-processed excipients
composed mainly of microcrystalline cellulose, sdntegrant, glidant, and
magnesium stearate granulated using ethanol ambiadlvent. Simple mixing of
prepared granules with drug and directly compregsged4 kg hardness tablets each
contains 75 mg of the active ingredient in singlagh machine (type F3, Manesty,
Liverpool, UK).

Dissolution test

Thein vitro dissolution studies were performed based on US#® 88@mpare the
dissolution profiles of the test versus the refeeetablets using USP apparatus 2 (Copley
dissolution 8000, Copley scientific, U.K.). The sbution medium consisted of 1000 mL
of pH 2.0 hydrochloric acid buffer maintained at:3@.5 °C. The buffer was prepared
according to USP monograph. The rotation speedeopaddles was set at 50 rpm.
Samples (5 mL) were withdrawn at 5, 10, 15, 20,3%6,and 35 min with replacement by
fresh medium. The samples were then analyzed ligatatl in-house HPLC method.
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Study Desgn

The study was conducted as fasting, randominexlperiods, two sequences,
crossover balanced design with one week washoiddbetween dosing. At each period,
the volunteers were hospitalized at about 6 pnd#yebefore dosing, and then evening
standard meals were served at 8:00 pm. After am@td fast the participants received at
7:00 am a single 75 mg tablet clopidogrel dosdatbkethe test or the reference
formulations. Water (200 mL) was given immediatafier drug administration. All
volunteers have then fasted 4 hours following thig dhdministration after which
standard lunches were served. Evening meals wieza tan hours after dosing. No other
food was permitted during the “in-house” periodqlid consumption was permitted ad
libitum after lunch, but xanthine-containing drinksluding tea, coffee and cola were
avoided. Systolic and Diastolic arterial pressumnedsured on invasively with a
sphygmomanometer), heart rate and temperaturereeoeded just before and hourly
after drug administration until 12 hours after adgsiand eventually before the discharge
of the subjects from the clinical site (72 hourstpdosing of each period).

Drug analyss

Blood samples (5 mL) from a suitable antealbiein of each subject were collected
into EDTA containing tubes before (zero time), ameh at 0.25, 0.5, 1.5, 2, 2.5, 3.5, 4.5,
5,5.75,7.25, 8.5, 9.75, 11.75, 12.25, 14.75,3,28.5, 38.25, 43, 45, 48, 54.5, 60.25,
and eventually at 72 hours after administratioeasfh of the test and the reference
products. A total of 25 blood samples were obtaiinech each subject at each period.
The total volume of blood withdrawn during the emstudy from each participant was
about 250 ml.

Blood samples were cooled in a bath and daged at 3000 rpm for at least 10 min at
approximately 4°C. The separated serum samplestvarsferred into polypropylene
tubes and maintained frozen at —20°@lwamnalysis. All samples from a single volunteer
were analyzed on the same day to avoid interassagtion. Serum concentrations of the
carboxylic acid of clopidogrel, the major inactive nietiite of clopidogrel, were
determined by HPLC coupled with tandem mass spaetiny (LC-MS/MS) according to
the in-house procedure.

Pharmacokinetic and statistical analysis

The elimination half-life (T%2), the first-order n@inal elimination rate constant (Ke),
the maximum observed serum concentration (Cmax) arntthieeaken to achieve this
concentration (Tmax), the areas under the clopidogrel mi@g@berum concentration
versus time curves from 0 to 72 hours (AUCO0-72h), ame@s to infinity (AUCO-infinity)
were calculated by using the software (Kinetica®, VerSipapplying non-compartment
data analysis approach as recommended by internatioegjuivalence guidance (FDA
and EMEA).

The bioequivalence between both formulations wasrdeted by calculating
individual Cmax, AUCO0-72h, AUCO-infinty, arithmetic and geetric means of these
parameters, ratio of the mean (test/reference), togeittetheir corresponding 90%
confidence intervals (Cl), after log transformation & tfata.
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3. RESULTS

The new developed generic formula (test produat)ogidogrel complies with USP
general requirement of tablets. Studying the release mafdeshown in Figure 1 of the
test product in comparison to the reference tablet pestibg Actavis using the
similarity factor 2) indicates that there is no difference between them £+3®©.378
which is more than 50% which is the recommended FDA wvhlateinsures similarity in
the dissolution profiles of two formulas (i.e., test vergisrence drug products).

Mean Dissolution Profiles
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Figure 1: Dissolution profiles a newly developed genericidtogrel (the test) versus the
reference tablets.

Medical examination

Clopidogrel of both test and reference productswedistolerated at the administered
dose. All the biochemical parameters did not show anicalinelevant alterations. No
adverse effects were either reported or observed.

Pharmacokinetic and statistical analysis

The mean (x SD) serum concentration time profifésth test and reference
formulations shown in Figure 2 were similar and superimpesdhe arithmetic mean
pharmacokinetic parameters for both formulations are shwWable 1, the geometric
means are presented in Table 2, the geometric meanaatidbe 90% confidence
intervals are summarized in Table 3.
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Figure 2: Mean concentrations of clopidogrel carboxlic aeidws time profiles obtained
after single oral administration of 75 mg clopidogrel of #ference and the test

formulations.

Table 1: Arithmetic mean of pharmacokinetic parameters ofdigpel carboxlic acid
obtained after single oral administration of 75 mg clopidbgf the reference and the test

formulations.

REFERENCE TEST
Standard Standard
Means Means
Parameter (unit) Deviation Deviation
AUCO0-72h (ng.h/mL) 64564.62 3865.82 65677. 53 47?25.
AUCO-infinity (ng.h/mL) 58463.76 4636.65 59246.76 831
Cmax (ng/mL) 3648.52 994.23 3572.83 877.43
Tmax (median) (h) 3.5 0.65 3.5 0.63
Kel (1/h) 0.07 0.017 0.071 0.018
TY2 (median) (h) 9.90 16. 34 9.75 14.53
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Table 2: Geometric mean of pharmacokinetic parameteri®pidogrel carboxylic acid
of the reference and the test formulations

REFERENCE TEST
Parameter (unit) Geometric Mean Geometric Mean
Cmax (ng/mL) 3415.87 3479.37
AUCO-72hr (ng.h/mL) 52810.39 54257.68
AUCO-infinity (ng.h/mL) 53208.32 54637.12

Table 3: Ratios of geometric means and 90% confidenawahtaf the test versus the
reference formulations

Parameter Ratio T/R (%) Lower Limit (%) Upper Limit (%)
Cmax 101.85 91.65 104.33
AUCO0-72h 102.74 93.46 109.18
AUCO-infinity 102.68 98.78 108.32

Tables 1 and 2 demonstrated that all the calculated pbakinatic parameters for the test
product were found to be similar to the correspondaldges of the reference product.
Beside, the geometric mean ratios of the pharmacokipataameters Cmax, AUCO0-72h
and AUCO-infinity were; 101.85, 102.74 and 102.68, #u&dr corresponding 90%
confidence intervals were 91.65-104.33, 93.46-108rkB98.78-108.32, respectively;
which insure close similarity in the pharmacokinetic behawbtke test and the
reference products, as shown in Table 3.

Discussion

Clopidogrel is an analogous molecule to tidiape and quickly binds to the
platelet inhibition platelet aggregatith Clopidogrel is metabolized by the liver into its
major inactive metabolite, the carboxylic acid. Daets extensive metabolism, methods
were developed for the quantifications of clopigdgarboxylic acid in serum.

The quantification of various drugs by chroogaaphy with tandem mass
spectrometry has become the more common analytidalgheue to improvement in
the sensitivity and the selectivity of this meth@dith the advance of the
chromatography, the quality in the determinatiortlod concentrations is more
precise, getting lower LOQ and better analysisestitts for the determination of
clopidogrel in human plasma and ser§i?.

The bioavailability of a pharmaceutical dosagafcefers to the extent and rate of
absorption of the active ingredient incorporated.ifwo pharmaceutical forms are said
bioequivalent when; to be administered to the sard&idual, in the same experimental
conditions and at the same dose; showed no sigmifidifferences about the rate
and extent of absorption and bioavailability.
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Table 3 indicated that the test formula is bioequivalent todfegence formula in term
of the rate and extent of absorption and bioavailabilitgesthe 90% confidence
intervals of all the pharmacokinetic parameters used foghbiealence testing, namely
Cmax, AUCO-t (AUCO-72h) and AUCO-infinity were wellithin the accepted ranges of
80-125% as per FDA and EMEA guidance for bioequivae herefore, it can
conclude from the current investigation that clopidogi®InTg tablet (newly
developed generic product) is bioequivalent to #dference clopidogréls mg tablet
produced by Actavis, and consequently both prodoats be considered
interchangeable in therapeutic application.
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