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ABSTRACT
Objective: The objective of the present study was to investigate and compare the feasibility of Chitosan and water soluble Chitosan derivative to
enhance Aceclofenac dissolution.
Methods: Aceclofenac was size reduced and polymer was precipitated on it. Drug-polymer compatibility was accessed using Infrared spectroscopy
and Differential Scanning Calorimetry (DSC). Effect of polymer aqueous solubility and polymer: drug ratios on solubility enhancement of drug were
studied. Aceclofenac microparticles were subjected to micromeritic properties including angle of repose, bulk density, tapped density, Carr's index,
Hausner's ratio, and particle size determination. Microparticles were subjected to in vitro drug release and solubility analysis. Results were assayed
statistically using one way analysis of variance (ANOVA).
Results: The prepared microparticles were white, free-flowing and crystalline in nature. Microparticles of both the polymers had shown very good
flow property and compression behavior at all ratios. The particle size of drug was drastically reduced during formulation. The dissolution studies
demonstrated a marked increase in the dissolution rate in comparison with pure drug. Result was more significant for Chitosan chlorhydrate than
the Chitosan. DSC showed reduction in melting enthalpy of formulation. DSC results were statistically higher for Chitosan chlorhydrate than
Chitosan.
Conclusion: The considerable improvement in the dissolution rate of Aceclofenac from prepared microparticles was due to decreased drug
crystallinity, altered surface morphology and micronization. Significant higher effect of Chitosan chlorhydrate than the Chitosan might be attributed
to its higher wetting property.
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INTRODUCTION
In order to achieve better therapeutic effect the drug should be
absorbed from gastro- intestinal tract (GIT) in systemic circulation
[1]. And the absorption of drug depends upon solubility and
dissolution of drug [1]. Mainly BCS class II drugs have disadvantage
of variable solubility because they are characterized by low
solubility and high permeability. These drugs show erratic
absorption from GIT as solubility and dissolution is less. Thus
bioavailability as well as therapeutic response will depend upon
solubility and dissolution. [2, 3]. To overcome the said disadvantages
large numbers of methods have been developed. The available
methods are formation of salts [4], use of polymorphs [5], solid
dispersions [6], Use of complexing agents [7], Micronization [8],
Nanosuspension [9], Cocrystalisation [10], and use of Chitosan and
Chitosan derivatives [11].
Aceclofenac (Fig 1) chemically is 2-[2-[2-[(2, 6-dichlorophenyl)
amino] phenyl] acetyl] oxyacetic acid [12].

action of cyclo-oxygenase which is involved in the production of
prostaglandins responsible for pain, swelling and inflammation
[12]. However it is reported that Aceclofenac is practically
insoluble in water thus affecting its rate of absorption and
ultimately its bioavailability [12]. Moreover when administered
orally it causes gastric disturbances like nausea and diarrhea.
Reports of gastric ulceration and gastrointestinal bleeding have
also noticed in some cases [14, 15].
Chitosan and its derivatives were used in preparation of
microparticles. Chitosan is obtained from deacetylization of
naturally occurring polysaccharide chitin and it is safe,
biocompatible and biodegradable material. Large number of
applications of Chitosan has been discovered. One of the best
applications of use of Chitosan is dissolution enhancement.
Moreover different derivatives of Chitosan has been synthesized
which differ in molecular weight and viscosity due to varying degree
of deacetylization.[16]
The present work was oriented to improve physicochemical
properties of Aceclofenac using Chitosan and its derivatives mainly
solubility and dissolution. Microparticles of Aceclofenac with
Chitosan and Chitosan chlorhydrate were prepared in different
ratios by solvent precipitation method. The prepared formulation
were subjected to different evaluation tests like solubility analysis,
in vitro dissolution study, evaluation of micromeritic properties,
particle size determination and DSC.
MATERIALS AND METHODS
Materials

Fig. 1: Chemical structure of Aceclofenac
Aceclofenac is a novel NSAID and it is mainly indicated for the
relief of pain and inflammation in osteoarthritis, rheumatoid
arthritis and ankylosing spondylitis [13]. It acts by blocking the

Aceclofenac was obtained as a gift sample from Cipla Mumbai.
Chitosan and Chitosan chlorhydrate was gift sample from Mahatani
Chitosan, Ahmedabad. All solvents were pure analytical grade
purchased from Loba Chemie, Mumbai, India. Double distilled water
was used throughout the experiment.
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Methods
Preparation of microparticles of Aceclofenac with Chitosan and
Chitosan chlorhydrate.
A fixed amount of the drug was dispersed separately in Chitosan and
Chitosan chlorhydrate solution of different concentrations (0.1, 0.2,
0.5, 1%) prepared in 1% acetic acid solution; which was then
precipitated by Trisodium citrate solution, and precipitate was
filtered, dried and sieved. A control formulation without any type of
Chitosan was also prepared. Different polymer: drug ratios (1:0.1,
1:0.2, 1:0.5, 1:1) were prepared and evaluated.
Evaluation of Formulation
Drug Content
The formulations (10 mg) were triturated and dissolved in 10 mL
methanol and volume was made up to 100 mL with water by
sonicating for 15 minutes. The solution was filtered through
Whatmann filter paper no.41. After appropriate dilutions with water
it was analyzed spectrophotometrically at 273 nm (Shimadzu 1700,
Japan). Drug content was calculated from the calibration curve of
Aceclofenac in mixture of methanol and distilled water.
Saturation Solubility Studies
Solubility studies were carried out in distilled water according to the
method reported by Higuchi and Connors [17]. Excess quantity of
Aceclofenac and its formulations were introduced in 20 mL of
distilled water and shaken for 24 hours at room temperature. The
content of each flask was then filtered through a Whatmann filter
paper. The filtrate was then diluted and assayed
spectrophotometrically at 273 nm. Each solubility was determined
in triplicate (n=3). The results obtained from saturation solubility
studies were statistically analyzed.
Dissolution Studies
Dissolution studies were carried out using 0.1 N HCl in eight station
USP type 1 dissolution (Model Disso 2000 tablet dissolution test
apparatus, Lab India, India). The stirring speed used was 100 rpm
and the temperature of the dissolution medium was maintained at
37± 0.5°C. The drug concentration in the dissolution medium was
assayed spectrophotometrically at 273.5 nm. The results of
dissolution studies were statistically validated.
Differential Scanning Calorimetry (DSC)
DSC patterns of formulations were compared with plain Aceclofenac
and Chitosan. The DSC (pyris-6) thermograms were recorded at a
heating of 10 oC/ min from 100oC to 300oC.
Powder Characteristics:
Angle of repose was determined by conventional funnel method. The
blend was poured through a funnel fitted at appropriate distance
from the base, till the blend achieves maximum cone height (h in cm)
was obtained. Radius of the cone (r in cm) was measured, which is
the average of 3 different radius of the heap circle and the angle of
repose (q) was calculated using the formula:
q (°) = Tan-1 (h/r) . . . . (1)
Angle of repose below 25° states a good flow property are always
desired. Apparent bulk density (BD) was determined by pouring the
weighed (W in g) amount of the blend into a graduated cylinder. The
bulk volume (V in ml) of the blend was determined. The bulk density
was calculated using the formula:
BD (gm/ml) = W/V . . . . . . (2)
The tapped density (BD) was determined by pouring the weighed
(W in g) amount of the blend into a graduated cylinder and the blend
was tapped for a fixed time with uniform force. The final volume (Vf
in ml) occupied in the cylinder was determined measured and the
tapped density was calculated using the following formula:
TD (gm/ml) = W/ Vf . . . . . (3)
The simplest way for measurement of free flow of powder is
compressibility index, an indication of the ease with which a

material can be induced to flow is given by compressibility index
(CI) which is calculated as follows:
CI (%) = 100 * (V-Vf/V). . . . . (4)
Where, V (in ml) is the bulk volume and Vf (in ml) is tapped volume
of the blend. The value below 15% indicates a powder with good
flow characteristics.
Hausner’s ratio (HR) is an indirect index of ease of powder flow, can
be calculated by the following formula:
HR = TD/BD. . . . . . (5)
Where TD (in g/ml) is tapped density and BD (g/ml) is bulk density,
lower Hausner’s ratio below 1.2 indicates better flow properties of
the blend.
Particle size determination
The particle size measurement was carried out using compound
microscope (Micron OPTIK) on stage micrometer.
Statistical Analysis
The data were subjected to a multiple comparison test. Statistical
significance was assessed using one-way analysis of variance
(ANOVA) P<0.05 was considered as statistically significant.
RESULTS AND DISCUSSION
Determination of drug content
Percentage drug contents of prepared formulations were found to be
in the range of 99.05 ± 0.42 w/w to 99.59 ± 0.92 w/w.
Saturation Solubility Studies
The results of saturation solubility are displayed in Table 1.
Table 1: Saturation solubility of pure Aceclofenac and its
corresponding formulations with Chitosan and Chitosan
chlorhydrate
System

A
ACH0.1
ACH0.2
ACH0.5
ACH1.0
ACHL0.1
ACHL0.2
ACHL0.5
ACHL1.0

Saturation
solubility (mg /
mL)*
0.0152±0.012
65.21 ± 0.23 a
84.21± 0.54 a
104.11±0.69 a
89.86±0.65 a
86.74±0.21 a
96.35±0.45 a
129.23±0.24 a
101.84±0.72 a

Enhancement in solubility

-----5434.16
5540.13
6849.34
5911.84
5706.57
6338.81
8501.97
8486.66

S.D.: Standard deviation; a significant difference compared to pure
Aceclofenac i.e. significant (p <0.001); Aceclofenac – A, Aceclofenac +
Chitosan (0.1:1) - ACH0.1, Aceclofenac + Chitosan (0.2:1) - ACH0.2,
Aceclofenac + Chitosan (0.5:1) - ACH0.5, Aceclofenac + Chitosan (1:1)
- ACH1.0, Aceclofenac + Chitosan chlorhydrate (0.1:1) - ACHL0.1,
Aceclofenac + Chitosan chlorhydrate (0.2:1) - ACHL0.2, Aceclofenac +
Chitosan chlorhydrate (0.5:1) - ACHL0.5, Aceclofenac + Chitosan
chlorhydrate (1:1) - ACHL1.0
The solubility of Aceclofenac was found to be 0.0152 mg / mL [18].
The results of solubility depicted drastic improvement in solubility.
The formulations of Aceclofenac showed 5434.16, 5540.13, 6849.34
and 5911.84 fold increase in solubility for 0.1, 0.2, 0.5 and 1 % ratios
of Chitosan respectively. There was 5706.57, 6338.81, 8501.97 and
8486.66 fold increase in solubility for 0.1, 0.2, 0.5 and 1 % ratios of
water soluble Chitosan with drug. It was observed that improvement
in solubility was better with water soluble Chitosan as compared to
Chitosan formulations. This might be reasoned as wetting property
of water soluble Chitosan allowed more drug to go into the solution
as compared to Chitosan [19]. All formulations with Chitosan as well
as water soluble Chitosan reflected significant improvement in
solubility as compared to pure drug (p < 0.001). However no
significant difference was noticed within the formulations.
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Aceclofenac + Chitosan chlorhydrate (0.1:1) - ACHL0.1, Aceclofenac +
Chitosan chlorhydrate (0.2:1) - ACHL0.2, Aceclofenac + Chitosan
chlorhydrate (0.5:1) - ACHL0.5, Aceclofenac + Chitosan chlorhydrate
(1:1) - ACHL1.0

Table 2: The dissolution data of Aceclofenac and its corresponding
formulations with Chitosan and Chitosan chlorhydrate in 0.1 N HCl
at 37 ± 0.5°C
System
A
ACH0.1
ACH0.2
ACH0.5
ACH1.0
ACHL0.1
ACHL0.2
ACHL0.5
ACHL1.0

DP5*± S.D.
5.98±1.2
35.66±2.1a
45.23±2.7 a
56.78±2.4 a
59.23±2.3 a
12.36±2.1
23.25±2.7
42.11±2.4 a
32.11±2.3 a

DP15*± S.D.
23.66±1.5
66.33±2.6 a
80.21±2.8 a
100±1.6 a
78.25±3.1 a
46.32±2.3
89.24±2.7 a
100±1.5 a
86.33±3.0 a

DE5*± S.D.
2.99±0.6
17.83±1.1 a
22.615±1.3 a
28.39±1.2 a
29.615±1.2 a
6.18±1.1
11.63±1.3 a
21.06±1.2 a
16.06±1.2 a

DE15*± S.D.
9.72±0.7
38.34±1.3 a
46.88±1.4 a
65.44±0.8 a
55.85±1.6 a
23.92±1.2 a
40.82±1.9 a
56.15±0.8 a
42.83±1.5 a

The reasons for improvement in solubility might be reduction in
the size of pure drug. As the size reduced surface area as well as
surface energy was increased. Increased surface energy could be
responsible for better interaction with solvent and thus solubility
was enhanced [20]. Another reason might be corresponded to use
of Chitosan and water soluble Chitosan which was claimed to have
surface wetting property thus responsible for better solubility
[19].
Dissolution Studies

S.D.: Standard deviation; DP: % drug dissolved; DE: dissolution
efficiency; a significant difference compared to pure Aceclofenac i.e.
significant (p <0.001); Aceclofenac – A, Aceclofenac + Chitosan
(0.1:1) - ACH0.1, Aceclofenac + Chitosan (0.2:1) - ACH0.2, Aceclofenac
+ Chitosan (0.5:1) - ACH0.5, Aceclofenac + Chitosan (1:1) - ACH1.0,

The percent drug release and dissolution efficiency values of pure
drug and formulation are displayed in Table 2.
The dissolution curves of pure Aceclofenac and its formulation are
shown in figure 2.

Figure 2a

Figure 2b
Fig. 2: Dissolution curves of Aceclofenac and its corresponding formulations with Chitosan and Chitosan chlorhydrate
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From the dissolution graphs it was reflected that dissolution of pure
drug was incomplete in 90 minutes as Aceclofenac being poorly
soluble in water. The microparticles of Aceclofenac with Chitosan
depicted improved dissolution as compared to pure drug. The time
taken for almost all formulations of Chitosan was less than 90
minutes. It might be due to reduction in particle size as compared to
pure drug which increases the surface area available for further
dissolution of drug. Surprisingly it was observed that ACH1.0 takes
more time for dissolution as compared to other ratios. This might be
due to increased concentration of Chitosan hindered dissolution of
drug.
The pattern of dissolution of Aceclofenac with Chitosan derivatives
is shown in figure. The results confirmed improvement in
dissolution as compared to pure drug. This reason might be
suggested as use of water soluble Chitosan might have increased
dissolution. Moreover as size was reduced, increased surface area
might increase dissolution of formulations. During the experiment of
dissolution it was observed that pure drug floated on the surface of

dissolution media while all the formulations with Chitosan and
derivatives of Chitosan immediately sank to the bottom as soon as
entered into dissolution media. This effect might be attributed to
better wetability of microparticles. [19]
Moreover, dissolution efficiency values calculated at 5 and 15
minutes for all formulation with Chitosan and all formulations with
Chitosan derivatives indicated significant difference (p < 0.001)
when compared to dissolution efficiency value of pure drug. The
values for percent drug release and dissolution efficiency are
displayed in table 2. All these results pointed towards significant
improvement in dissolution of Aceclofenac. Thus the use of Chitosan
and its derivatives, and added benefit of size reduction was
responsible for improved dissolution pattern of Aceclofenac.
Differential Scanning Calorimetry (DSC)
The DSC thermograms of Aceclofenac, Chitosan and formulations
(0.5% formulations of Chitosan and water soluble Chitosan) are
shown in Figure 3.

Fig. 3: DSC thermograms of pure Aceclofenac, Chitosan and its corresponding formulations with Chitosan and Chitosan chlorhydrate
(0.5% Concentration)

DSC data helps in understanding the physical properties of the
sample as crystalline or amorphous nature and demonstrates a
possible interaction between drug and polymers in formulations. As
observed in the thermograms, Aceclofenac displayed a sharp
endothermic peak at 158ºC indicating the melting point of the drug.
As the sharp endotherm was seen in the thermogram of Aceclofenac
it was clearly stated that the drug was in the crystalline form [21].
The DSC thermograms of Chitosan and water soluble Chitosan
showed absence of any endotherm thus indicated its amorphous
nature. Rather both Chitosan as well as water soluble Chitosan
displayed Tg (glass transition temperature) in the range of 120 –
150 º C. The presence of Tg in the thermogram depicted amorphous
nature of both Chitosan and its derivative [19].

In the thermogram of formulation (both of 0.5%) it was observed
that endothems were broadened and Tg was increased. This might
be contributed to decreasing crystallinity of Aceclofenac and some
amount of Aceclofenac might have converted into amorphous state.
Moreover increased Tg indicated complete dispersion of drug in the
polymer and thereby might be responsible for better
physicochemical properties. In addition to this as formulations
thermogram showed broadened endothermic peaks indicating the
polymer and drug compatibility [21].
Powder Characteristics:
The results of evaluation of powder characteristics are depicted in
table no 3.
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Table 3: Flow properties of Aceclofenac and its corresponding formulations with Chitosan and Chitosan chlorhydrate
System/Parameter
A
ACH0.1
ACH0.2
ACH0.5
ACH1.0
ACHL0.1
ACHL0.2
ACHL0.5
ACHL1.0

Bulk density
( gm/cm)
0.76
0.73
0.75
0.74
0.75
0.75
0.76
0.77
0.75

Tapped density
( gm/cm)
0.88
0.85
0.86
0.85
0.86
0.85
0.86
0.86
0.86

Angle of repose

Hausnar’s Ratio*

Carr’s Index (%)*

26.08
23.21
23.10
22.21
20.16
22.12
20.19
18.13
23.31

1.15
1.16
1.14
1.14
1.14
1.13
1.13
1.11
1.14

5.68
14.12
12.79
12.94
12.79
11.76
11.63
10.46
12.79

Aceclofenac – A, Aceclofenac + Chitosan (0.1:1) - ACH0.1, Aceclofenac + Chitosan (0.2:1) - ACH0.2, Aceclofenac + Chitosan (0.5:1) - ACH0.5, Aceclofenac
+ Chitosan (1:1) - ACH1.0, Aceclofenac + Chitosan chlorhydrate (0.1:1) - ACHL0.1, Aceclofenac + Chitosan chlorhydrate (0.2:1) - ACHL0.2, Aceclofenac +
Chitosan chlorhydrate (0.5:1) - ACHL0.5, Aceclofenac + Chitosan chlorhydrate (1:1) - ACHL1.0
Angle of repose of pure drug was found to be 26.08 indicating poor
flow of drug from the funnel. The values of angle of repose of all
formulations with Chitosan and Chitosan derivatives indicated lower
values as compared to pure drug. But no significant difference was
noted between drug and formulation with respect to angle of repose.
The results pointed towards slight improvement in flow properties
of formulation when compared to drug. A Carr’s index is considered
to be an indication of poor flowability when it is greater than 25, and
below 15, it indicates good flowability [22]. When seen from the
table Carr’s index values were found in the range of good flowability
range. This again confirmed slight improvement in flowability.
Moreover The Hausner’s ratio is used as an indication of the
flowability of a powder [23]. The values of Hausner’s ratio was
found to be less than drug when compared with all formulations but
it was not significantly reduced [24]. Thus all the results confirmed
from angle of repose, Carr’s index and Hausner’s ratio displayed
slight improvement in powder characteristics of formulation than
pure drug. The reason for slight improvement in flow properties of
microparticles could be due to spherical shape of microparticles.
Generally particles with reduced size have shown poor micromeritic
properties due to their higher surface charge. But the spherical
shape of microparticles might be responsible for good flow
properties as spherical particles of formulations didn’t hider flow of
drug through funnel while that of rough shape of pure drug particle
might put obstacle in the flow of drug through funnel [25,26].
Particle size determination
Particle size of pure drug and prepared microparticles was checked
by using compound microscope [27]. The size of pure Aceclofenac
was found to be 25.31µm while that of Aceclofenac microparticles
with Chitosan was found in the range of 9.5 to 14 µm size increasing
with increasing concentration. The Aceclofenac microparticles with
Chitosan derivatives also found to be reduced in size ranging from
8.2 to 13µm. It was observed that with increasing concentration
particle size was increased. Thus lower concentration might be
useful for reduced particle size.
CONCLUSION
Microparticles of Aceclofenac prepared with Chitosan and water
soluble Chitosan displayed drastic improvement in both solubility as
well as dissolution properties. Among the ratios used Chitosan used
in 0.5% concentration gave best results. In addition to that results
were better for water soluble Chitosan when compared to Chitosan.
Thus Chitosan and water soluble Chitosan used in optimum
concentration could be applied for improving solubility and
dissolution. Moreover formulations depicted better micromeritic
properties. Thus Chitosan and its derivative could be helpful to
improve the flow properties of Aceclofenac and in turn it would
avoid further processing steps like mixing, granulation in
preparation of directly compressible tablets.
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