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Kumar et al.: Synthesis and Evaluation of Aceclofenac-Urea Cocrystals
Aceclofenac is one of the commonly used Nonsteroidal anti-inflammatory drugs representing the variety
of therapeutic applications including management of pain, inflammation, rheumatoid arthritis, and
osteoarthritis, etc. But very low solubility and dissolution rate of aceclofenac compromise its therapeutic
effectiveness. So, current work focuses on the improvement of solubility and dissolution of aceclofenac
by the cocrystal approach. Aceclofenac was screened with various coformers selected from Generally
Recognized as Safe and Everything Added to Foods in the United States list using Molecular orbital package
2016 software to find out novel cocrystals of aceclofenac with improved biopharmaceutical properties.
Novel cocrystals of aceclofenac with urea were synthesized by mechanochemical grinding method. The
synthesized cocrystals (Aceclofenac-Urea neat grinding and Aceclofenac-Urea liquid assisted grinding)
were characterized carefully by Differential scanning calorimetry, infrared spectroscopy and powder
X-ray diffraction to verify the formation of the cocrystals. Pharmaceutically significant properties such as
powder dissolution rate, solubility, and stability of the synthesized cocrystals were evaluated. Compared
to aceclofenac, the synthesized cocrystals showed improved solubility and dissolution rate. The synthesized
cocrystals were found to be non-hygroscopic and stable under ambient conditions.
Key words: Cocrystal, aceclofenac, mechanochemical synthesis, virtual screening, solubility study,
bioavailability study

Aceclofenac (ACF) (2-[(2,6-dichlorophenyl)amino]
phenylacetoxyacetic acid) is an orally effective
Nonsteroidal anti-inflammatory drugs (NSAIDs),
possessing significant anti-inflammatory, analgesic,
and antipyretic properties[1,2]. ACF is useful in the
treatment of pain, inflammation, rheumatoid arthritis,
osteoarthritis, ankylosing spondylitis and other
inflammatory diseases of the joints[3,4]. The time of
maximum concentration observed (Tmax), mean plasma
elimination half-life, the volume of distribution and
relative oral bioavailability of aceclofenac are 1.5-3 h
post-ingestion, 4 h, 25 l and 50 % respectively[1,2]. ACF
is proved as useful as other NSAID. It shows very few
gastrointestinal adverse effects and thus, resulted in
better compliance with disease management[5-7]. Being
a Biopharmaceutical Classification System (BCS)
Class-II drug (low solubility and high permeability),
it exhibits very slight solubility in water, and as a
consequence, it exhibits low oral bioavailability[8-12].
Therefore, the enhancement of ACF solubility and

dissolution rate is a key issue for the enhancement of its
bioavailability. In this context, it becomes important to
explore the potential of novel formulation approaches
in order to improve its solubility and dissolution rate.
Currently, various techniques like solid dispersion[13,14],
micronization[18],
polymorphic
changes[15-17],
[19-21]
,
Complexation[22,23],
salt
Nanonization
formation[24-26], emulsification[27], solubilization[28], and
co-solvency[29] etc., are being used by pharmaceutical
scientists for enhancing the solubility and dissolution
rate of drugs. From the recently published works, it
is clear that cocrystallization has emerged as a novel
technique for modulation of different physicochemical
properties of drugs[30-37]. Cocrystals can vary in
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physicochemical properties when compared with their
individual components, for example, their solubility,
rate of dissolution, hygroscopicity, compressibility,
flow property and other derived properties[38].
Pharmaceutical cocrystals of ACF with different
coformers like Nicotinamide[39], Chitosan[40], Lysine[41]
and Gallic acid[42] were recently reported.
In cocrystal synthesis, the choice of the suitable
coformer is very important because it can influence the
ultimate properties of the synthesized cocrystals[43-47]. In
addition, coformer should be selected from Generally
recognized as safe (GRAS) list, which ensures that
it is safe for human utilization[48]. There are various
methods that can be used for the selection of suitable
coformer. In this work, the coformer screening process
was performed by calculating excess heat of formation
(ΔHex) of given stoichiometric m: n mixtures using
Molecular orbital package (MOPAC) software [49,50].
Several coformers like succinic acid, ascorbic acid,
glutaric acid, D-glucosamine, pyridoxine, fumaric acid,
nicotinamide, and urea, etc. were screened with the drug
ACF. In this study, urea was selected as a coformer for
the synthesis of aceclofenac cocrystal because it shows
the highest negative Hex value.
Though various literatures describe various methods to
obtain cocrystals in this study, the mechanochemical
grinding method was adopted for the preparation of ACF
cocrystals because this method is solvent-free, energyefficient, easily scalable and involves low operational
cost[51]. Various analytical techniques like infrared
(IR) spectroscopy, Raman spectroscopy, Differential
scanning calorimetry (DSC), X-ray diffraction (XRD),
Scanning electron microscope (SEM), and solidstate Nuclear Magnetic Resonance (NMR), etc. were
discussed in various literature for the confirmation of
cocrystallization[52,53](fig. 1).
Therefore, the aim of this study was to improve the
solubility and dissolution rate of ACF by cocrystal
approach. After a suitable coformer was selected, the
cocrystals of ACF were synthesized by a neat grinding
(NG) and liquid assisted grinding (LAG) technique.
The characterization of synthesized product was done
by Fourier transform infrared spectroscopy (FTIR),
DSC, and powder X-ray diffraction (PXRD). After that,
the synthesized cocrystals were subjected to solubility,
dissolution, and stability studies.

Drug House (CDH) fine chemicals, India. Methanol,
Hydrochloric acid (HCl), Potassium chloride (KCl),
were purchased from Rankem chemicals, India. All
chemicals used were of analytical grade and they were
used as received.
Selection of coformer (Acid dissociation constant
(pka) based method):
All proposed coformers were chosen from the GRAS
and Everything Added to Food in the United States
(EAFUS) list. ∆pKa value for each pair of ACF and
proposed coformer was calculated. ∆pKa value was
used for the selection of potential coformers[54].
Selection of coformer (Virtual screening method):
All molecules (ACF and all potential coformers chosen
by pKa method mentioned above) were optimized using
the PM7 semiempirical model utilizing the (conductorlike screening model for real solvents-COSMORS) approach. Based on obtained geometries heat
of formation, dispersion energy, and hydrogen bond
energy was calculated for all molecules individually
and for pairs of ACF and each of potential coformers.
All COSMO-RS calculations presented in this article
were done with the help of MOPAC®2016 software.
The detailed procedure is illustrated as follows:
Step 1- Chemical structure of the selected drug was
imported in Avogadro (version 1.2.0).
Step 2- The imported file was saved as .xyx file.
Step 3- This saved file (.xyz file) was open in Gabedit
using a draw geometry option.
Step 4- MOPAC input file .mop was created by
selecting appropriate functions (like charge, spin
multiplicity, geometry optimization, hamiltonian and
solvent type, etc.)
Step 5- The created .mop file was run in MOPAC®2016.
This generates .out, .aux, .arc and some other files as
per the commands given during generation of .mop file
Step 6- Files generated by MOPAC®2016 can be opened
by either note pad, Gabedit or Avogadro to get information
about the heat of formation, Dispersion energy, and
Hydrogen bond energy in given solvent (if any).
Preparation of Aceclofenac and urea cocrystal:

MATERIALS AND METHODS

Neat/Dry grinding method

The drug ACF was obtained as a gift sample from
Sigma-Aldrich, India. Urea was purchased from Central

The accurately weighed drug and coformer, 708 mg
of ACF and 120 mg of urea (1:1 molar ratio) were
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grounded in glass mortar-pestle for 30 min. The powder
Aceclofenac-Urea neat grinding (ACF-UREA NG) so
obtained was collected and stored in a dessicator until
further use.
Liquid assisted grinding method
The accurately weighed drug and coformer, 708 mg
of ACF and 120 mg of urea (1:1 molar ratio) were
grounded in glass mortar-pestle for 30 min with the aid
of 2-3 drops of methanol. The powder AceclofenacUrea liquid assisted grinding (ACF-UREA LAG) so
obtained was collected and stored in a dessicator until
further use.
Characterization and Evaluation of synthesized
cocrystals:
Infrared spectroscopy
For the pure drug, coformer and synthesized cocrystals,
Fourier Transform Infrared (FT-IR) spectra were
obtained. The spectrum was recorded in an IR-Prestige
21 (Shimadzu Corpn., Japan) spectrophotometer. The
potassium bromide pellet method was used and the
background spectrum was recorded under similar
setting. Samples were scanned in the range of 400
-4000 cm-1 at the spectral resolution of 1 cm-1.
Powder X-ray diffraction studies
The X-ray diffraction patterns of pure drug, coformer
and synthesized cocrystals (ACF-UREA NG and ACFUREA LAG) were recorded using Rigaku Smart Lab
9kW (Rigaku, Japan) with Cu-Ka radiation (1.540 Å).
All samples were scanned between 5-70° 2θ with a
step size of 0.01°. The operating conditions set were,
40 kV voltage, 30 mA current, and 2°/min scanning
speed. All data was collected at ambient temperature.
Before performing the experiments, the instrument was
calibrated by means of a silicon standard.
Thermal analysis by DSC
For examination of the thermal behavior of drug alone
and synthesized cocrystals (ACF-UREA NG and
ACF-UREA LAG), DSC was conducted on a DSC25
(Hewlett-Packard Company). 2-5 mg of the sample was
kept in a T zero aluminum pans and then the pan was
covered with a perforated aluminum lid and crimped
by means of DSC crimper. The crimped aluminum pan
containing the sample was kept in the thermal analysis
chamber. An empty pan was used as a reference.
The DSC instrument was calibrated for temperature
September-October 2020

using indium as a standard. Nitrogen gas was purged
continuously at a flow rate of 30 ml/min for maintaining
an inert atmosphere. Thermograms were obtained by
heating the samples at a rate of 10°/min from 30° to
350°. For better comparisons, DSC experiments were
performed with almost identical amounts of samples.
Evaluation of cocrystals:
Kinetic solubility study
As equilibrium solubility becomes inappropriate if
material converts from less stable form to more stable
form during dissolution process in the gastrointestinal
tract. As an alternative, intrinsic dissolution rate or
kinetic solubility over a 10-12 h period may be more
appropriate parameters to consider when studying
the potential for enhanced oral absorption and
bioavailability[55]. The kinetic solubility of pure drug
ACF, physical mixture (PM) of the drug and UREA
(ACF-UREA PM), and the synthesized cocrystals ACFUREA NG, and ACF-UREA LAG was measured in an
acid buffer (pH 1.2) by the shake flask method[56,57].
An excess (5 mg/ml) amount of powdered solids were
placed in separate conical flasks containing 20 ml
buffer and distilled water. These conical flasks were
placed in a mechanical shaker, maintained at ambient
temperature (25º). Aliquots (0.5 ml) of the sample were
taken out at different time intervals for a period of
48 h to verify that the solution has achieved equilibrium.
Withdrawn samples were filtered by 0.45 µm Whatman
filter paper, diluted suitably, and quantified by High
performance liquid chromatography (HPLC) at
276 nm. The quantity of drug dissolved in each time
interval was calculated with the help of the calibration
curve (linearity range: 4-20 μg/ml) which was prepared
in a HCL buffer (pH 1.2). The experiment was
performed in triplicate and values were presented as
mean ± standard deviation.
In-vitro dissolution rate study
The in-vitro dissolution studies of the pure drug ACF,
physical mixture ACF-UREA PM, and the synthesized
cocrystals ACF-UREA NG, and ACF-UREA LAG
were carried out using 8 Station Indian Pharmacopoeia
(IP) type-2 dissolution apparatus (Microprocessor
dissolution test apparatus-1918, Electronics India (EI),
India)[9,58]. Accurately weighed powders corresponding
to (for cocrystal or physical mixture) 100 mg of ACF was
added to dissolution vessels. The in-vitro dissolution
profile was examined in 900 ml buffer (pH 1.2) from
0 to 1 h. Baskets were rotated at a constant speed of
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50 rpm. The medium was maintained at 37°±0.5°.
Aliquots of samples were withdrawn after every
10 min, and the same volume of fresh medium was
added immediately to the test medium. The amount
of drug dissolved at various time intervals was then
measured by taking the absorbance at 276 nm using
HPLC. Percent cumulative drug dissolved from the
powdered samples was then calculated from the
calibration curve (linearity range: 4-20 μg/ml) which
was prepared in a HCL buffer (pH 1.2), and a plot of
time (min) vs. percent cumulative drug dissolved was
plotted. The experiment was performed in triplicate and
values were expressed as mean±standard deviation.

COSMO-RS theory developed by Klamt A at Bayer
AG, is a general theory to predict the thermodynamic
equilibrium properties of liquids. This theory takes
into account the most important modes of molecular
interactions, electrostatics, hydrogen bonding, and
Vander Waals interactions[63–65]. According to this
theory, the difference between the heat of formation
of the pure components and the corresponding heat of
formation for the cocrystal provides a measure of the
thermodynamic driving force for cocrystal formation.
A Negative Heats of reaction-HEX value indicates a high
probability of cocrystal formation and shows cocrystals
are all more stable than the precursors.

Hygroscopicity and long-term stability testing

HEX to form cocrystals can be calculated by subtracting
the heats of formation of the components (in their solidstate) from the heat of formation of the cocrystal.

In this study, degree of hygroscopicity of the synthesized
cocrystals was measured by a method provided in
European Pharmacopoeia[59]. For measurement of
degree of hygroscopicity, 200 mg sample of synthesized
cocrystals was placed into open and tarred plastic petriplates and then these plates were kept into a desiccator
(maintained at ambient temperature and 80±2 %
Relative Humidity (RH)) for 24 h. The weight of the
samples was taken by after 24 h of storage to verify the
water uptake by samples.
For estimation of long-term stability of synthesized
cocrystals about 200 mg of pure drug ACF, physical
mixture ACF-UREA PM, and the synthesized cocrystals
ACF-UREA NG, and ACF-UREA LAG were placed in
an open Petri dish and stored in a Remi SC-6 stability
chamber (Rami laboratories Instruments, Mumbai,
India). The temperature and humidity were maintained
at 40° and 75 % RH respectively (as per the World
Health Organization (WHO)/International Conference
on Harmonisation (ICH) guidelines) for 6 mo[11,60–62].
The stability and integrity of the samples were assessed
by DSC and PXRD methods.

HEX = Hcc - HAPI - HCF
(1). Where HAPI, HCF, and Hcc
are the heat of formation of pure API, pure coformer,
and cocrystal, respectively. The results of the calculated
heat of formations of ACF, potential coformers, and
proposed cocrystals are shown in Table 2. From the
calculated HEX value it can be concluded urea has the
good probability to form cocrystal with aceclofenac.
Optimized geometry of proposed ACF-urea cocrystal
along with possible hydrogen bonds is given as follows
(fig. 2).
The FT-IR spectra of ACF, urea and formed cocrystals
ACF-UREANG andACF-UREALAG of their respective
combination (fig. 3 and fig. 4) in the stoichiometric
ratio of 1:1 were analyzed and represented in the
Table 3. In the FT-IR spectrum of the pure drug ACF,
TABLE 1: pka VALUE OF DRUG, COFORMER, AND
CALCULATED Δ pka VALUES
API

API pka

Coformer

4.7

4-hydroxybenzoic
acid
Cinnamic acid
Succinic acid
Ascorbic acid
Lactic acid
Urea
Glycolic acid
Isonicotinamide
Fumaric acid
Malic acid
Nicotinamide
Saccharin
D- Glucosamine
l-Cystine
Pyridoxine
Glutaric acid

RESULT AND DISCUSSION
Many previous studies revealed that difference in
the pKa [∆pKa=pKa (base)–pKa (acid)] value of the
reacting species can be used in predicting formation of
salts or cocrystals. In the pharmaceutical industry the
rule of thumb for salt formation is a pKa difference
greater than 3 and for cocrystal formation is less than 3.
Following 15 potential cocrystal formers were chosen
on the basis of calculated ∆pKa value (Table 1). All the
chosen coformers have the potential to form cocrystal
with ACF because calculated ∆pKa values for each pair
is less than 3 which is in favor of cocrystal formation.
884
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Coformer
pka

Δ pka

4.6

0.1

4.4
4.16
4.1
3.86
0.1
3.83
3.61
3.55
3.4
3.35
2.2
7.58
1.71
5.58
4.34

0.3
0.54
0.6
0.84
4.6
0.87
1.09
1.15
1.3
1.35
2.5
2.88
2.99
0.88
0.36
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peaks at 1728.28 cm , 3070.78 cm and 3319.60 cm-1
can be assigned to C=O and O-H stretching of the
carboxylic acid functional group and N-H stretching.
In the FT-IR spectrum of ACF-UREA NG, the peak
of C=O and O-H stretching of the carboxylic acid
functional group has been shifted to 1718.63 cm-1 and
2937.68 cm-1, respectively, when compared with the
pure drug. In the FT-IR spectrum of ACF-UREA LAG,
the peak of C=O and O-H stretching of the carboxylic
acid functional group has been shifted to 1724.42
cm-1 and 2937.68 cm-1 respectively. The decrease in
frequencies implies that the C=O and –OH group
of ACF have participated in strong hydrogen bond
formation with urea. Hence, confirming the formation
of the cocrystals.
-1

-1,

PXRD is a very useful technique for the preliminary
characterization of new solid forms as well as cocrystals.
In each case, freshly synthesized powder samples
were used for the data collection. The PXRD patterns
of the pure drug ACF, coformer, and the synthesized
cocrystals were plotted in fig. 5 and fig. 6. PXRD
pattern of the synthesized cocrystals exhibited a change

in both the number and intensity of peaks compared to
pure ACF and coformer indicating the formation of a
new crystalline phase.
The obtained DSC curves for the drug, the cocrystal
formers and the formed cocrystals were analyzed and
represented in fig. 7 and fig. 8. In the case of the pure
drug ACF, a sharp peak was obtained at 152.04°. The
cocrystal formers urea showed sharp peaks at 134.83°
and 203.99°. The cocrystal of ACF and urea in the
stoichiometric ratio of 1:1 showed a peak at 104.57° in
case of ACF-UREA NG and at 104.12° in case of ACFUREA LAG which were different from the drug as well
as the cocrystal former and these shifting indicates the
formation of new crystalline forms.
The kinetic solubility profile of ACF, ACF-UREA PM,
ACF-UREA LAG and ACF-UREA NG are illustrated
in fig. 9. It was observed that cocrystallization
significantly enhances the solubility of ACF. It was
observed that the transient solubility of ACF and its
cocrystals after 6 h follows the rank order: ACF-UREA
NG (5.91 times)>ACF-UREA LAG (3.74 times)>ACFUREA PM (1.21 times)>ACF (Table 4). Fascinatingly,

TABLE 2: CALCULATED HEAT OF FORMATION OF ACECLOFENAC, POTENTIAL COFORMERS AND
PROPOSED COCRYSTALS
Drug

HAPI

Aceclofenac -150.53

Coformer
l-Cystine
Pyridoxine
D- Glucosamine
Urea
Nicotinamide
Isonicotinamide
Glycolic acid
4-hydroxybenzoic acid
Fumaric acid
Cinnamic acid
Malic acid
Succinic acid
Ascorbic acid
Saccharin
Glutaric acid
Lactic acid

HCF
-176.41
-113.32
-227.04
-51.108
-22.541
-21.301
-139.92
-119.23
-168.27
-58.625
-238.84
-201.92
-225.02
-94.729
-207.89
-151.17

HCC
-362.33
-296.05
-408.68
-219.61
-188.15
-184.52
-301.12
-278.82
-327.41
-216.8
-396.92
-358.91
-381.97
-251.34
-364.42
-304.31

HEX
-35.395
-32.194
-31.112
-17.97
-15.084
-12.688
-10.672
-9.0539
-8.6092
-7.6441
-7.5517
-6.457
-6.415
-6.0869
-5.9976
-2.6137

Fig. 1: Chemical Structure of Aceclofenac and Urea
September-October 2020
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Aceclofenac
Mechanochemical
grinding
Aceclofenac-Urea cocrystal

Urea

Fig. 2: Optimized geometries of Drug, Coformer, and drug with coformer along with possible hydrogen bonds

% Transmittance

ACF
UREA

AFTER 6 MONTH

ACF-UREA NG

Fig. 3: FTIR spectra of Aceclofenac, Urea, ACF-UREA NG cocrystals synthesized freshly and after 6 mo

Fig. 4: FTIR spectra of Aceclofenac, Urea, ACF-UREA LAG cocrystals synthesized freshly and after 6 mo

our results show that ACF-UREA NG has the highest
transient solubility.
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The in-vitro dissolution rate of the synthesized cocrystals
was one of the main criteria to evaluate performance of
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TABLE 3: COMPARISON FTIR SPECTRUM OF ACECLOFENAC AND PREPARATIONS

ACF
ACF-UREA NG
ACF-UREA LAG

3319.6
3319.6
3319.6

O-H stretching
(cm-1)
3070.78
2937.68
2937.68

Heat ﬂow (normalized) (w/g)

N-H stretching (cm-1)

Intensity (Normalized)
(CPS)

Interpretation

after 6 month
ACF-UREA NG
UREA
ACF

0

20

40
2-theta (deg)

60

C=O stretching (cm-1)

C-Cl stretching (cm-1)

1728.28
1718.63
1724.42

1057.03
1057.03
1055.1

after 6 month

Tm= 104.81°C, Δ H= 97.655 J/g

ACF-UREA LAG
Tm= 104.12°C, Δ H= 93.375 J/g

UREA
Tm= 134.83°C, Δ H= 228.70 J/g

Tm= 203.99°C, Δ H= 638.15 J/g

ACF

80
0

Fig. 5: X-ray diffraction graph of Aceclofenac, urea, ACFUREA NG cocrystals synthesized freshly and after 6 mo

50

Tm= 152.04°C, Δ H= 121.72
J/g100
150
200

250

300

350

Temperature(°C)

Intensity (Normalized) (CPS)

Fig. 8: DSC scans of Aceclofenac, urea, ACF-CYS LAG
cocrystals synthesized immediately and after 6 mo

160.00

40
2-theta (deg)

120.00

Solubility (μg/ml)

20

ACF-UREA LAG
ACF-UREA PM

140.00

after 6 month
ACF-UREA LAG
UREA
ACF

0

ACF
ACF-UREA NG

100.00

60

80

80.00
60.00
40.00
20.00

Fig. 6: X-ray diffraction graph of Aceclofenac, urea, ACFUREA LAG cocrystals synthesized freshly and after 6 mo

0.00
0.00

10.00

20.00

30.00
Time (h)

40.00

50.00

60.00

Heat ﬂow (normalized) (w/g)

Fig. 9: Solubility of Aceclofenac, Physical mixture, and
synthesized cocrystals
after 6 month

Tm= 105.21°C, Δ H= 97.655 J/g

ACF-UREA NG

Tm= 104.57°C, Δ H= 93.375 J/g

UREA
Tm= 134.83°C, Δ H= 228.70 J/g

Tm= 203.99°C, Δ H= 638.15 J/g

ACF
Tm= 152.04°C, Δ H= 121.72 J/g

0

50

100

150

200

250

300

350

Temperature(°C)

Fig. 7: DSC scans of Aceclofenac, urea, ACF-CYS NG cocrystals
synthesized immediately and after 6 mo

cocrystals. For this reason, the percent cumulative drug
dissolved was calculated for the pure drug, physical
mixture, and synthesized cocrystals in HCl buffer pH
1.2 (Table 5) and their dissolution profiles were shown
September-October 2020

in fig. 10. From the results of this study, it can be
evidently seen that the percentage of cumulative drug
dissolved is improved in the case of the cocrystals. This
indicates the effect of change in the crystal structure
of ACF induced during cocrystallization on its
dissolution rate. Inclusion of urea probably improved
the wettability of hydrophobic surface and reduced the
crystal lattice energy which is a main requisite for drug
dissolution. The dissolution rate is fastest in the case of
ACF-UREA NG which reaches 97.36 % in 30 min only.
This profile is important because a larger concentration
of drug can be achieved at the absorption site. The
observation suggested that synthesized cocrystals with
an improved dissolution rate would potentially improve
gastrointestinal (GI) absorption and onset action of
ACF.
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TABLE 4: KINETIC SOLUBILITY OF ACECLOFENAC AND VARIOUS PREPARATIONS IN DISTILLED WATER
AND HCL BUFFER pH 1.2
Transient Solubility after 6 h
(μg/ml) ± S.D.
27.69 ± 1.42 (after 48 h)
22.80 ± 2.22
28.79 ± 2.51
89.07 ± 3.59
140.89 ± 10.65

Sample Name
ACF (Distilled Water)
ACF (HCl buffer pH 1.2)
ACF-UREA PM (HCl buffer pH 1.2)
ACF-UREA LAG (HCl buffer pH 1.2)
ACF-UREA NG (HCl buffer pH 1.2)

Increase in
solubility
----1.21 times
3.74 times
5.91 times

TABLE 5: DISSOLUTION PROFILE OF ACECLOFENAC, PHYSICAL MIXTURE, AND SYNTHESIZED
COCRYSTALS
% cumulative drug dissolved±S.D.

Time (min)

ACF±S.D.
0.00±0.00
15.23±0.41
16.75±0.49
17.10±0.87
18.64±1.00
19.18±0.79

0
10
20
30
40
60

Cumulative percent drug dissolved

120.00

ACF

ACF-UREA NG
0.00±0.00
81.08±3.82
95.53±4.27
97.36±3.04
98.47±1.80
99.47±1.40

ACF-UREA NG

100.00
80.00
60.00
40.00
20.00
0.00
0.00

20.00

40.00
Time (Min.)

60.00

80.00

Fig. 10: Comparison of dissolution profile of Aceclofenac,
Physical mixture, and synthesized cocrystals

As percentage of increase in mass of the samples
remains unchanged throughout the study period (24
h), it was concluded that both the cocrystals were
non-hygroscopic at ambient temperature (27°C) and
RH 80%. Cocrystals kept in stability chamber were
evaluated for the physical stability using DSC and
PXRD methods. Comparison of PXRD (fig. 5 and
fig. 6) patterns and DSC Pattern (fig. 7 and fig. 8) of
cocrystals after 6 mo shows no change in either peak
intensity or peak position, indicates good physical
stability of synthesized cocrystals.
The use of cocrystals is an emerging trend to
improve the physicochemical properties of the Active
Pharmaceutical Ingredient (API). In this research work,
cocrystallization was explored to address the solubility
and dissolution rate issues of ACF. The knowledge of
∆pKa and heat of formation to create a new cocrystal
888

ACF-UREA LAG
0.00±0.00
71.56±5.10
80.12±5.73
82.86±4.49
82.85±4.61
82.83±4.02

ACF-UREA PM
0.00±0.00
26.45±0.58
30.66±3.22
32.09±2.82
36.08±2.56
36.84±2.74

has been successfully utilized in this research work.
ACF urea cocrystals were synthesized by neat grinding
method and solvent-drop grinding method. Synthesized
cocrystals were characterized by FT-IR, PXRD and
DSC methods. The characterization results established
the formation of the novel cocrystal. From this research
work, it can be established that ∆pKa and heat of
formation calculations can be used for screening of
potential coformer. ACF and urea can form a cocrystal
by neat grinding and solvent-drop grinding method. The
synthesized cocrystal showed enhancement in solubility
and dissolution which is essential for achieving
improved bioavailability. Moreover, synthesized
cocrystals were found to be non-hygroscopic and stable
for 6 mo at ambient conditions and therefore these
cocrystals present a chance to develop the combination
drug of ACF with urea.
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