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ABSTRACT: The objective of the present study was to develop the oral sustained release matrix tablets of aceclofenac
using hydrophilic and hydrophobic polymers. Aceclofenac is a non steroidal anti-inflammatory agent used in
symptomatic treatment of rheumatoid arthritis, osteoarthritis and ankylosing spondylitis and its biological half life is 4
hrs. FTIR studies were carried to know the interaction between the drug and polymer. Controlled release formulations of
aceclofenac (200 mg) were prepared by direct compression method. The tablets were subjected to physicochemical, in
vitro drug release and stability studies.
Optimization of the formulation was done by studying effect of drug to polymer ratio on drug release. FTIR studies
indicated absence of any interaction between aceclofenac and polymers. The physicochemical properties of tablets were
found within the limits.
The drug release from optimized formulations F1, F4 and F7 was extended for a period of 12 hrs. The kinetic treatment
to optimized formulations showed that the release of drug follows zero order model and Super Case II transport for F1
and F7 while the drug release of F4 was best explained by Higuchi’s model and Super Case II transport. Release of the
drug was retarded with increase in polymer concentrations. The optimized formulations were subjected to stability
studies for three months at 45° temperature with RH 75±5%, and showed stability with respect to physicochemical
parameters and release pattern.  Results of the present study indicated the suitability of hydrophilic and hydrophobic
polymers in the preparation of matrix based sustained release formulation of aceclofenac.
Keywords: Aceclofenac, Sustained release, Controlled release, Matrix tablets, Direct compression.

INTRODUCTION
A number of methods and techniques have been used
in the manufacturing of oral extended-release dosage
forms. Probably the simplest and least expensive way
to control the release of an active agent is to disperse it
in an inert polymeric matrix. In polymeric system, the
active agent is physically blended with the polymer
powder and then fused together by compression
moulding, which is a common process in the
pharmaceutical industry. These dosage forms are
designed to deliver the drug at a controlled and

predetermined rate, thus maintaining a therapeutically
effective concentration of the drug in the systemic
circulation for a long period of time and therefore
reducing the frequency of dosing and improving
patient compliance. Hydrophobic materials for an
insoluble matrix carrier and water-soluble hydrophilic
materials have been reported as the most commonly
used matrix carriers

1
.

Non-steroidal anti-inflammatory drugs (NSAIDs) are
considered to be the first-line drugs in the symptomatic
treatment of rheumatoid arthritis, osteoarthritis and
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ankylosing spondylitis. Aceclofenac is one of the
emerging NSAID molecules for arthritis treatment. It
is a newer derivative of diclofenac and has less
gastrointestinal complications. The successful
treatment of arthritis depends on the maintenance of
effective drug concentration level in the body for
which a constant and uniform supply of drug is
desired. Sustained release dosage forms deliver the
drug at a slow release rate over an extended period of
time and achieve this objective. The short biological
half-life (about 4 h) and dosing frequency more than
one per day make aceclofenac an ideal candidate for
sustained release. To reduce the frequency of
administration and to improve patient compliance, a
once-daily sustained release formulation of
aceclofenac is desirable2-5.  For  sustained  release
systems, the oral route of drug administration has, by
far,  received  the  most  attention  as  it  is  natural,
uncomplicated, convenient and safer route6. Matrix
tablets composed of drug and release retarding
material (e.g. polymer) offer the simplest approach in
designing a sustained release system. Matrix tablets
are prepared by either wet granulation or direct
compression method. Currently available sustained
matrix tablets are generally prepared by wet
granulation method. The tablets prepared in the present
study by direct compression method have advantages
over the tablets prepared by wet granulation in time
and energy consumption, thus making it possible to
formulate tablets at a lower cost7. Because of their
flexibility, hydrophilic polymer matrix systems are
widely used in oral controlled drug delivery, but in the
present study different combinations of hydrophilic
and hydrophobic polymers have been used to get the
optimum results.
The aim of  the present  work was to prepare sustained
release matrix tablets of aceclofenac and to study the
in vitro release characteristics and kinetics of the
prepared formulations. The kinetics of the dissolution
process were studied by the application of four kinetic
equations to the dissolution data–namely, the zero-
order, the first-order, the Highuchi-square root and
Korsmeyer- Peppas equations.

EXPERIMENTAL
MATERIALS:
Aceclofenac, xanthan gum and microcrystalline
cellulose (MCC; Avicel  PH102) were obtained as  gift
samples from Lupin Research Park, Pune, India.
Magnesium stearate and talc were purchased from S.D.
Fine-Chem Limited, Mumbai, India. Ethyl cellulose
was  purchased  from  Sriram  Chemicals  Pvt.  Ltd.
Ghaziabad, India. All other chemicals used were of
analytical grade.

METHOD:
Drug-excipient compatibility studies:
Infrared (IR) spectroscopy was conducted using a FT-
IR 8201 PC Spectrophotometer (Shimadzu, Tokyo,
Japan) and the spectrum was recorded in the
wavelength region of 4000 to 400 cm−1. The
procedure consisted of dispersing a sample (drug alone
or mixture of drug and excipients) in KBr and
compressing into discs by applying a pressure of 5 tons
for 5 min in a hydraulic press. The pellet was placed in
the light path and the spectrum was obtained2.

Preparation of tablets:
The compositions of the tablet formulations are given
in Table 1. Weighed amounts of aceclofenac, xanthan
gum, ethylcellulose and MCC were mixed using in a
glass  mortar  using  a  pestle  to  get  a  uniform  mixture.
The mixture was then blended with magnesium
stearate and talc (1% w/w each) as lubricant in a poly-
bag and compressed into tablets employing direct
compression method (Single station tablet compression
machine, Cadmach, Ahmedabad, India) using 13 mm
flat-faced punches.

Evaluation of physical properties of matrix tablets:
All prepared matrix tablets were evaluated for
uniformity of weight and drug content, as per I.P.
method8. Friability was determined using Roche
friabilator. Hardness was measured by using Pfizer
hardness tester. Diameter and thickness were measured
by Vernier caliper.

Dissolution studies:
The in vitro dissolution study was carried out using
USPType1 dissolution apparatus. The study was
carried out in 900 ml of 0.1N HCl (pH 1.2) for first 2
hours and then 900 ml of phosphate buffer (pH 7.4)
from 3 to 12 h. The dissolution medium was kept in
thermostatically controlled water bath, maintained at
37±0.5oC. Basket rotation was adjusted to 100 rpm. At
definite  intervals,  5  ml  sample  was  withdrawn  and
analyzed spectrophotometricaly at 276.5 nm for the
drug release. At each time of withdrawal, 5 ml of fresh
corresponding medium was replaced into the
dissolution flask.

Kinetic treatment of dissolution data: 1, 9

In order to describe the kinetics of the release process
of drug in the different formulations, zero- order   (Qt
= Q0 + K0t), first- order (ln Qt = ln Q0 + K1t), Higuchi
(Qt =KHt1/2) and  Korsmeyer-  Peppas  (Qt/Q∞= Ktn)
models were fitted to the dissolution data of optimized
formulations F1, F4 and F7 using linear regression
analysis. A value of n = 0.5 indicates case I (Fickian)
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diffusion or square root of time kinetics, 0.5<n<1
anomalous (non- Fickian) diffusion, n=1 Case –II
transport and n>1 Super Case II transport.

Stability studies:
Accelerated stability study was carried out to observe
the effect of temperature and relative humidity on
optimized formulations (F1, F2 and F7), by keeping at
40°C, in airtight high density polyethylene bottles for
three months, at RH 75±5%. Physical evaluation and
in vitro drug release was carried out each month for
three months.

RESULTS AND DISCUSSION
The possible interaction between the drug and the
excipients was studied by IR spectroscopy. The IR
spectra of pure aceclofenac and its physical mixtures
revealed no considerable changes in the IR peaks of
aceclofenac when mixed with excipients and it
conformed absence of any chemical interactions
between the drug and polymer (Fig.1-3).
The formulated matrix tablets met the pharmacopoeial
requirement of uniformity of weight. All the tablets
conformed  to  the  requirement  of  assay,  as  per  I.P.
Hardness, % friability; diameter and thickness were
well within acceptable limits (Table 2). Hardness
within the range of 5.5 to 9.5 kg/cm2. All formulations
showed less than 1% (w/w) friability that indicates the
ability of tablets to withstand shocks which may be
encountered during transport. The manufactured tablets
showed low weight variations and a high degree of
drug content uniformity was found among different
batches of the tablets, and drug content was more than
98%.
The release profile of aceclofenac from different
batches of formulated matrix tablets is illustrated in
figure 4. All the formulations showed very low drug
release in 0.1N HCl (pH 1.2). This was due to the very
low solubility of aceclofenac at pH 1.2. The in vitro
release of drug shows the effect of polymer
concentration on the drug release. As regards the effect
of polymer concentration, decrease in drug release rate
was observed when polymer content in the matrix was
increased. This may be due to the reason that the
polymer in higher concentrations in the tablets might
have produced dense matrix around the drug particles,
providing more barriers for them to escape and
dissolve10. Xanthan gum based matrix tablets with
Drug –Polymer ratio 1:0.5 (F1) showed 82.45% total
drug release at the end of 12 h. However, tablets with
greater  Drug  –Polymer  ratio-  viz.,  F2  and  F3  were
found effective in sustaining the drug release beyond
12 h. Hence formulation F1 is optimized formulation
among xanthan gum based matrix tablets.
Tablets based on ethyl cellulose as release retarding
material with Drug –Polymer ratio 1:0.5 (F4) showed

62.44% total drug release at the end of 12 h. Drug
release decreased as the percent amount of ethyl
cellulose in the tablet increased. It has been previously
reported that high level of EC reduce drug release rate
on account of formation of a strong matrix with
reduced porosity. This increases diffusional path
length leading to reduced water penetration through
the micropores resulting in slower drug release.
However on subsequent increase the amount of ethyl
cellulose (F5 and F6), there was no appreciable
decrease in the release rate and extension in duration
of release. This indicated that a tight nonporous matrix
had been formed in former case (F4) and addition of
more polymer could not modify the matrix character
any further11. Hence formulation F4 is optimized one
in this case.
The formulations F7, F8, F9 are the combination of
two polymers containing hydrophilic xanthan gum and
hydrophobic EC. The formulation F7 showed 74.22%
total drug release at the end of 12 h. Drug release
decreased as the content of xanthan gum and ethyl
cellulose in the tablet increased12. The formulations
F7, F8 and F9 showed less release compared to the
formulation F1, F2, and F3 this could be due to the
presence of ethyl cellulose, which is hydrophobic in
nature.  Hence  the  formulation  F7  was  selected  as
optimized one in this case.
Table 3 shows data analysis of release profiles
according to different kinetic models. The kinetic
treatment reflected that release data of F1 showed r2

value of 0.9758 which is close to 1, indicating that
release of drug follows zero order kinetics. The in vitro
drug release of F4 was best explained by Higuchi’s
equation, as the plots showed the highest linearity (r2 =
0.9712). The drug release significantly follows a zero-
order kinetic model for formulation F7 as the plot
showed the highest linearity (r2 = 0.9872). The ‘n’
values of all formulations (F1. F4 and F7) for
Korsemeyer and Peppas diffusion model was >1and
exhibited a Super Case II transport mechanism.
The results of stability studies of matrix tablets of
aceclofenac (F1. F4 and F7) revealed that there was no
significant change in hardness, friability, drug content,
and dissolution profiles. Thus, formulation was stable
at accelerated conditions of temperature and humidity.
Results of the present study demonstrated that both
hydrophilic and hydrophobic polymers and their
combination could be successfully employed for
formulating sustained release matrix tablets of
Aceclofenac. The sustained release tablets can be
expected to reduce the frequency of administration and
decrease the dose dependent side effects associated
with repeated administration of conventional
Aceclofenac.
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Table 1:  Composition of 200 Mg Aceclofenac Matrices

Ingredients
(mg/tablet)

F1 F2 F3 F4 F5 F6 F7 F8 F9

Aceclofenac 200 200 200 200 200 200 200 200 200

Xanthan gum 100 200 300 - - - 50 100 150

Ethyl
cellulose

- - - 100 200 300 50 100 150

MCC 288 188 88 288 188 88 288 188 88

Magnesium
stearate

6 6 6 6 6 6 6 6 6

Talc 6 6 6 6 6 6 6 6 6

Total weight 600 600 600 600 600 600 600 600 600

Table 2:  Physical Properties of Acelofenac Matrix Tablets

Formulation
Code

     Drug
Content (%)

Friability
(%)

Hardness
(kg/cm2)

Diameter
(mm) ±SD

Thickness
(mm) ±SD

F1 99.65 0.59 8.6 11.2±0.2 4.2±0.5

F2 100.22 0.56 6.4 12.5±0.4 4.7±0.3

F3 99.56 0.82 8.2 11.6±0.2 4.7±0.5

F4 98.54 0.22 5.5 12.2±0.2 4.4±0.5

F5 99.25 0.55 6.8 11.8±0.3 4.5±0.3

F6 101.25 0.38 8.5 11.7±0.2 4.3±0.1

F7 100.56 0.47 7.5 11.4±0.5 4.5±0.4

F8 99.45 0.64 8.6 12.2±0.5 4.9±0.5

F9 101.45 0.44 9.5 11.6±0.2 4.3±0.1

Table 3: Kinetic Treatment of Dissolution Data of Optimized Formulations

Formulation Zero- order

(r2)

First- order

(r2)

Higuchi

(r2)

Korsmeyer-
Peppas
(n)

F1

F4

F7

0.9758

0.9675

0.9872

0.7282

0.6820

0.7669

0.9651

0.9712

0.9570

1.8418

2.0529

1.9226
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Fig. 1: IR Spectra of Pure drug (Aceclofenac)

Fig. 2: IR Spectra of mixture of Xanthan gum and Aceclofenac
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Fig. 3: IR Spectra of mixture of Ethyl Cellulose and Aceclofenac
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Fig. 4: release profile of aceclofenac matrix tablets of formulations ( ) F1,( ) F2,( )  F3,  ( ) F4,
( )F5, ( )F6, ( )F7 ( )F8 and ( )F9
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