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ABSTRACT The bioequivalence of two oral formulations containing ace-
clofenac 100 mg was determined in 24 healthy Indian male volunteers. The
study was designed as a single dose, fasting, two-period two-sequence crossover
study with a washout period of 1 week. The content of aceclofenac in plasma
was determined by a validated HPLC method with UV detection. The prepa-
rations were compared using the parameters area under the plasma concentra-
tion–time curve (AUC0–t), area under the plasma concentration–time curve
from zero to infinity (AUC0–∞), peak plasma concentration (Cmax), and time to
reach peak plasma concentration (tmax). No statistically significant difference
was observed between the logarithmic transformed AUC0–∞ and Cmax values of
the two preparations. The 90% confidence interval for the ratio of the loga-
rithmic transformed AUC0–t, AUC0–∞, and Cmax were within the bioequiva-
lence limit of 0.80–1.25.
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INTRODUCTION
Aceclofenac is a phenylacetic acid derivative with anti-inflammatory and

analgesic properties similar to those of diclofenac. Aceclofenac is an oral non-
steroidal anti-inflammatory (NSAID) that is effective in the treatment of pain-
ful inflammatory diseases and has been used to treat more than 75 million
patients worldwide. The preclinical studies suggest that the potential of ace-
clofenac to cause gastrointestinal damage is less than that of diclofenac. The
analgesic efficacy of aceclofenac 100 mg is more prolonged than that of parac-
etamol (acetaminophen) 650 mg (Brogden & Wiseman, 1996). It has proved as
effective as diclofenac, naproxen, and piroxicam in patients with osteoarthritis,
diclofenac, ketorolac, tenoxicam, and indomethacin in patients with rheuma-
toid arthritis, and tenoxicam, naproxen, and indomethacin in patients with
ankylosing spondylitis. It also provides effective analgesia in other indications,
such as dental or gynecological pain, lower back pain, and ear, nose, and
throat indications. Aceclofenac appears to be particularly well-tolerated among
the NSAIDs, with a lower incidence of gastrointestinal adverse effects. This
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good tolerability profile results in a reduced with-
drawal rate and hence greater compliance with treat-
ment (Legrand, 2004).

Aceclofenac is metabolized in human hepatocytes and
human microsomes to form [2-(2′,6′-dichloro-4′-hydroxy-
phenylamino)phenyl]acetoxyacetic acid as the major
metabolite, which is then further conjugated. Minor
metabolites were [2-(2′,6′-dichlorophenylamino)-5-hydrox-
yphenyl]acetoxyacetic acid and [2-(2′,6′-dichloropheny-
lamino)phenyl]acetic acid, as well as the hydroxylated
derivatives [2-(2′,6′-dichloro-4′-hydroxyphenylamino)phe-
nyl]acetic acid and [2-(2′,6′-dichlorophenylamino)-5-
hydroxyphenyl]acetic acid (Bort et al., 1996).

Several HPLC methods have been published for the
individual determination of aceclofenac (Zawilla et al.,
2002) and diclofenac (Hanses et al., 1995) or for the
simultaneous analysis of aceclofenac and diclofenac (Lee
et al., 2000) and diclofenac and its monohydroxylated
metabolites (Lansdrop et al., 1990), respectively. Hasan et
al. (2003) have described about five various methods for
the determination of aceclofenac in the presence of its
degradation product diclofenac.An HPLC method for
the determination of aceclofenac and three of its metabo-
lites in human plasma was also developed (Hinz et al.,
2003). Two simple, sensitive, and reproducible spectro-
photometric and spectrofluorometric methods were
adopted for the analysis of the anti-inflammatory drugs,
etodolac and aceclofenac (El Kousy et al., 1999).

Bioequivalence of two formulations of the same
drug comprises equivalence with respect to the rate
and extent of absorption while the area under concen-
tration time curve (AUC) generally serves as the char-
acteristic of the extent of absorption (Hauschke et al.,
1990; Schulz and Steinijans, 1992). No single param-
eter reliably measures the rate of absorption; for
instance, the maximal drug concentration (Cmax) has
been widely used, but it depends more on the fraction
absorbed than the rate of absorption; the time of max-
imal concentration (tmax) depends on both absorption
and elimination rates (Farolfi et al., 1999). However, it
is essential that the generic preparations are proven to
be bioequivalent to the reference preparation before
they can be safely used as a substitute for the latter.

Therefore, in the present study, the bioavailability
of a local generic preparation of aceclofenac was
evaluated with the reference preparation (Hifenac®,
Intas Laboratories, Pvt. Ltd., Ahmedabad, India). An
attempt was made to study the pharmacokinetics of
aceclofenac in the local population of Indian origin.

MATERIALS AND METHODS
Products Studied

Test product: aceclofenac 100 mg tablet (batch No.
AF-004, expiry 04/2006, from Aeon Therapeutics, Pvt.
Ltd., Chennai, India).

Reference product: Hifenac® (batch No. D-4282,
expiry 12/2005, from Intas Laboratories, Pvt. Ltd.,
Ahmedabad, India).

Study Design
Twenty-four Indian male volunteers aged between 18

and 45 years (21.2 ± 1.5 years) and with body mass
index between 18 and 24 (22.5 ± 1.6) were included in a
randomized, single dose, fasting, two-period, two-
sequence crossover study with a 1-week washout period.
Informed consent was obtained from all the volunteers
prior to the start of the study. Various physical, bio-
chemical, and hematological tests were carried out
before enrolling the volunteers for the study. Approval
from the Drugs Control General of India (DCGI) and
Institutional Ethical Committee of Jadavpur University
was obtained prior to the start of the study.

Drug Administration and 
Sample Collection

The study was a single dose, fasting, two period,
two-way crossover study with a washout period of
1 week. All the volunteers assembled in the Clinical
Pharmacology Unit (CPU) ward at 6 AM on the study
day of each session, after overnight fasting of 10 h.
Their total pulse rate, blood pressure, was recorded.
The subjects received either of the study preparations.
According to U.S. Food and Drug Administration
(FDA) and European Agency for the Evaluation of
Medicinal Products (EMEA) regulations, the sampling
schedule should be planned to provide a reliable esti-
mate of the extent of absorption (US FDA, 2000;
CPMP, 1991). This is generally achieved if AUC0–t is
at least 80% of AUC0–∞. Usually the sampling time
should extend to at least three terminal elimination
half-lives of the active ingredient. Time periods
between sampling should not exceed one terminal
half-life (Nation & Sansom, 1994). A total of 15 blood
samples were collected at 0 h (before drug administra-
tion) and at 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 6.0,



1221 Bioequivalence Study of 100 mg Aceclofenac Tablets

8.0, 10.0 12.0, 24.0 h (after drug administration) in the
test tubes with EDTA at each time point. Breakfast,
lunch, and dinner were provided after 3 h, 6 h, and 13
h, respectively, after drug ingestion. Collected blood
samples were centrifuged immediately, plasma was
separated and stored frozen at –20°C with appropriate
labeling of volunteer code number, study date, and
collection time, till the date of analysis.

Sample Preparation
A total of 1.0 mL of plasma was taken in a stop-

pered test tube. To this 0.5 mL of dilute hydrochloric
acid was added and mixed for 1 min. Now to this mix-
ture 8 mL of dichloro methane was added and stirred
for 10 min with the help of a mechanical stirrer. It is
then centrifuged for 5 min at 4000 rpm; 7 mL of
organic layer was removed in a separate tube and evap-
orated in the presence of N2 atmosphere at low tem-
perature. The residue was reconstructed with a 0.2-mL
mobile phase. The same was injected into the HPLC
system.

Chromatographic Conditions
Plasma samples were analyzed for aceclofenac by

using HPLC. All solvents used were of HPLC grade
and were purchased from S.d. Fine Chemicals, Mumbai,
India, whereas other chemicals and reagents were of
analytical grade. Aceclofenac was obtained from Aeons
Therapeutics, Pvt. Ltd., Chennai, India.

The HPLC system was Knauer GmbH, Berlin,
Germany, and it consisted of a solvent delivery pump
(K-1001), a Rheodyne injector and an UV-visible
detector (K-2501). Integration was done using Euro-
chrom 2000 software. Chromatogram separation was
done using a BDS Hypersil C18 (250 × 4.6 mm, 5 μm
particle size) column. The mobile phase consisted of
acetonitrile and water (pH adjusted to 3.0 with glacial
acetic acid) in the ratio of 50:50 v/v and eluted at a
flow rate of 1 mL/min. The effluent was monitored
using UV detection at 280 nm. The method was as per
the following guidelines (Shah et al., 1992).

Pharmacokinetic Analysis
The following pharmacokinetic parameters were

directly determined or calculated by the standard non-

compartmental method. Both maximum plasma con-
centration (Cmax) and time to peak plasma
concentration (tmax) were obtained directly from the
data. The elimination half-life (t1/2) was calculated as
0.693/Ke, where Ke is the apparent elimination rate
constant. Ke was, in turn, calculated as the slope of the
linear regression line of natural log-transformed
plasma concentrations. The last seven quantifiable lev-
els were used to determine Ke. The area under the
plasma concentration–time curve (AUC0–t) was calcu-
lated from the measured levels, from time zero to the
time of last quantifiable level, by the linear trapezoidal
rule. AUC0–∞ was calculated according to the follow-
ing formula: AUC0–∞= AUC0–t + Clast/Ke, where Clast
is the last quantifiable plasma level.

Statistical Analysis
An analysis of variance was performed on the phar-

macokinetic parameters Cmax, AUC 0–∞ using general
linear model (GLM) procedures in which sources of
variation were subject, formulation, period. Differ-
ences in tmax were assessed by the nonparametric
Wilcoxon signed rank test at the 5% level of signifi-
cance. The 90% confidence interval (CI) of the test/
reference ratios for Cmax, AUC0–t, and AUC0–∞ (log
transformed) were determined. Bioequivalence
between the two formulations can be concluded
when the 90% CIs for the pharmacokinetic parame-
ters of the two products are found within the accept-
able range of 80–125%.

RESULTS
In the HPLC method, no interferences were

observed in human plasma (Fig. 1). The retention time
for aceclofenac was 7 min. The limit of quantification
for aceclofenac in plasma was 0.1 μg/mL. The rela-
tionship between concentration and peak area was
found to be linear within the range of 0.1 to 10 μg/
mL. Quality control points at low, medium, and high
levels (0.25, 5, and 9 μg/mL) were used to determine
absolute recovery and within-day and between-day
precision and accuracy. Stability, limit of quantifica-
tion, and selectivity were also evaluated. The within-
day and between-day precision and accuracy data are
summarized in Table 1.

Average concentration versus time curves after
administration of reference and test products to healthy
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FIGURE 1 Chromatograms of (A) Blank Plasma, (B) Blank Plasma Spiked With 0.1 μg/mL of Aceclofenac, (C) Volunteer Plasma
Containing 1.1 μg/mL of Aceclofenac at 0.5 h After Administration of 100-mg Tablet of Aceclofenac. (A) Peak of Blank Plasma Is Seen at
Retention Time of 4.0 Min. (B) Retention Time of Aceclofenac= 7.002 Min; Peak of Blank Plasma Is Seen at Retention Time of 4.0 Min. (C)
Retention Time of Aceclofenac= 7.03 Min; Peak of Blank Plasma Is Seen at Retention Time of 4.0 Min.
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volunteers are shown in Fig. 2. The original 24 volun-
teers concluded the study. Table 2 summarizes the
demographic and mean health parameters of all the
participants. Average values of pharmacokinetic
parameters after administration of reference and test
product to healthy volunteers are summarized in
Table 3. The limits of the 90% CIs for the ratios of
AUC0–t, AUC0–∞, and Cmax for their log-transformed
data fell within 0.80 to 1.25 (Table 3). Nonparametric
analysis according to the Wilcoxon signed rank test

did not show any statistically significant differences
between test and reference formulations (P > 0.05).
The observed tmax values for test formulation were
within the acceptable limits (±20% of the mean refer-
ence values).

DISCUSSION
The described analytical method used for mea-

surement of aceclofenac was shown to be accurate
and sensitive. An internal standard was not used in
the study. The linearity achieved for this assay (0.1
to 10 μg/mL) effectively covers the therapeutic
range, and the linearity was assessed by the graph of
peak height versus concentration of aceclofenac.
The run time was 10 min and the retention time of
aceclofenac was 7.0 min (Fig. 1). The peak of ace-
clofenac was well resolved (Fig. 1). Table 1 shows
the data of between-day and within-day precision
and accuracy. The high recovery of extraction
(95.8%) with the proposed method allows the non-
use of internal standard without compromising pre-
cision and accuracy.

Throughout the stability tests, aceclofenac proved
stable in biological samples for at least two freeze
and thaw cycles with a final mean recovery of
95.18% and a coefficient of variation (CV) of 6.8%.
Aceclofenac in plasma was stable at room tempera-
ture for at least 6 h. The limit of quantification was
0.1 μg/mL with CV of 4.2%.

It can be observed from Table 2 that the volunteers
formed a homogeneous population in terms of age,
weight, height, and body mass index. Aceclofenac was
well tolerated by all the volunteers. No adverse events
were reported and there were no dropouts. Gas-
trointestinal disorders, the most common adverse
effect associated with the use of NSAIDs were not
reported.

TABLE 1 Within-Day and Between-Day Precision and Accuracy of HPLC Method

Concentration 
(μg/mL)

Within day (n= 5) Between day (n= 5)

Accuracy (%) Precision CV (%) Accuracy (%) Precision CV (%)

0.25 99.15 7.58 98.65 9.55
5 96.55 6.86 97.55 7.85
9 97.52 4.91 98.98 10.25

n= 5: Mean value obtained after 5 determinations. CV= Coefficient of variation expressed as %.

FIGURE 2 Plasma Concentration–Time Profiles After
Administration of Test and Reference Products in Healthy Indian
Male Volunteers.

-�- is Reference Formulation Graph and -�- is Test Formulation

Graph Obtained by Plotting Time on X-Axis and Plasma Concentra-

tion in Microgram per Milliliter on Y-Axis.
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TABLE 2 Demographic and Health Parameters of Healthy
Volunteers Considered in the Bioequivalence Study

Age (yr)
Weight 

(kg)
Height 

(cm)
BMI 

(kg/m2)

Mean 23.5 59.8 161 21.85
SD 4.20 5.66 0.08 3.52

SD= Standard deviation; BMI= body mass index.
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The elimination half-life of aceclofenac was in the
range 2–3 h. Thus, the washout period of 1 week was
sufficient due to the fact that no sample prior to admin-
istration in phase 2 showed any aceclofenac levels. Time
to reach maximum plasma concentration (tmax) was
observed at 1.70 h after drug administration, and the last
samples were sufficient for calculating at least 80% of
AUC0–∞. All calculated pharmacokinetic parameters
summarized in Table 3 agree with the previously
reported values (Najib et al., 2004). Cmax levels were
observed after 1.70 ± 0.257 h (test) and 1.75 ± 0.544 h
(reference). The Cmax and AUC0–∞ of the test and refer-
ence were 9.019 ± 0.616 versus 9.455 ± 0.474 μg/mL and
28.642 ± 3.705 versus 29.627 ± 2.074 μg/mL.h. The
mean t1/2 values for the test and reference were 2.826 ±
0.762 h and 3.056 ± 0.673 h, respectively. The relative
bioavailability between test and reference was 0.95.

As can be seen from Table 3, 90% CIs for all the
compared pharmacokinetic parameters (ratios of
AUC0–t, AUC0–∞, Cmax) were obtained within the
range of 80–125%. Moreover the analysis of variance
for all the analysed parameters showed no significant
differences.

The aim of the bioequivalence trials is to assure
interchangeability between an innovator and a generic
formula in terms of efficacy and safety. When a phar-
macological effect is difficult to measure, the plasma
levels of a drug may be used as an indirect indicator of
clinical activity. Therefore, the aceclofenac plasma levels
obtained in this study suggest an equal clinical efficacy
of the two brands tested and provide pharmacokinetic
data from an Indian population.

CONCLUSION
The 90% CI of AUC0–∞ and Cmax ratios of ace-

clofenac of these two preparations were in the accept-
able range. Both formulations were equal in terms of

rate and extent of absorption. Consequently, bioequiv-
alence between two formulations can be concluded.
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