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ABSTRACT

ankylosing spondylitis.

Aceclofenac is confronted with challenge in conceiving appropriate formulation, due to low solubility and
bioavailability. It is an analgesic and anti-inflammatory. aceclofenac is mainly used in treatment of ankylosing
spondylitis, osteo arthritis, rheumatoid arthritis. To enhance the bioavailability of drug, Various compositions of
aceclofenac solid dispersions were prepared by solvent evaporation method using mannitol and urea as carrier. The
formulations evaluated for dissolution study and also characterized by FTIR study. Moreover, the study suggested
the conversion of crystalline aceclofenac. And it shows no interaction between carrier and drug. Among all the
formulations optimized formulation shown higher drug release% compared to other formulations. As compared to
the pure drug, In vitro release rate of aceclofenac solid dispersion showed significant improvement.

KEYWORDS: Anti-inflammatory, bioavailability, osteoarthritis, crystalline, solid dispersion, dissolution,

1. INTRODUCTION

One of the major challenges in pharmaceutical research
is to successfully develop solid dosage forms of drugs
having poor solubility. Such poorly soluble drugs are
usually classified as the biopharmaceutical classification
system class 1l drugs with high permeability.”! To
maintain correlation between drug absorption and
corresponding clinical response considerable progress
has been made in the solubility enhancement by different
strategies in delivery of BCS class Il drugs, but still its
challenging to maintain the correlation. Solid dispersion
is one of the effective techniques in pharmaceutical
formulations to increase the biopharmaceutical
characteristics of poorly water-soluble drugs.*®! Solid
dispersion is defined as the dispersion of drug in a matrix
at solid state that has been used to improve the solubility
of drugs. The drugs solubility enhancement can be
endorsed to reduction in particle size, decrease in
agglomeration, modification in the physical state of the
drug from crystalline to amorphous, better wettability
and even in proper dispersion of the drug on a molecular
level.™ In solid dispersion drug was highly dispersed in
the suitable carrier, which shows its most important
feature.”) the techniques include melting method, spray
dried dispersion, solvent evaporation method and other
methods. Solid dispersion could increase the surface of
the drug particles, which results in enhancing the drug
release based on Noyes-Whitney equation. various
approaches including physical, chemical and other
modification have been attempted to improve the

bioavailability and solubility of the drugs. Among them,
solid dispersion is promising technology to improve
dissolution."®*? Solvent evaporation is the simplest
process for the preparation of solid dispersion where
drug and appropriate polymers are triturated using a
small volume of ethanol. The characteristic of solid
dispersion depends upon the drug and carrier ratio, type
of interaction, process used, type of carrier, degree of
interaction between drug and carrier, composition of
solvent, process conditions such as temperature, rate of
cooling, temperature, humidity.*!

Methods of preparation of amorphous solid dispersion
Fusion-method,  Ball-milling,  Solvent-evaporation,
Hotmelt-extrusion, Lyophilization technique,
Supercritical fluid methods.

Solvent evaporation method

To produce amorphous solid dispersion, solvent
evaporation method is the easiest way, where the drug
and carrier is solubilized in a volatile solvent. The first
step involves the preparation of solution containing both
drug and matrix material. The 2" step in the method
involves the removal of solvent by evaporation resulting
in formation of a solid dispersion. To get optimal
dissolution properties, mixing at molecular level is
preferred. Using the solvent evaporation method, the
pharmaceutical engineer faces two challenges. The first
one is to mix both drug and matrix in one solution, which
is difficult when they differ significantly in polarity. The

WWW.ejpmr.com | Vol 8, Issue 12, 2021.

1SO 9001:2015 Certified Journal | 631



http://www.ejpmr.com/

Tanniru et al.

European Journal of Pharmaceutical and Medical Research

drug and matrix have to be dispersed in the solvent as
fine as possible, to reduce the drug particle size in the
solid dispersion. The second challenge is to prevent
phase separation, in the solvent evaporation method. e.g.,
crystallization of either matrix or drug, during removal of
the solvent.

Aceclofenac is an orally effective NSAID of phenyl
acetic acid group, which possesses anti-inflammatory,
analgesic properties.”” Among the NSAIDS (Non-
steroidal anti-inflammatory drugs) it is well tolerated,
with a lower incidence of gastrointestinal adverse effects.
Because of its low aqueous solubility, it shows poor
bioavailability and poor dissolution.™ It is an example
of biopharmaceutical classification system class 1l
compound and its oral bioavailability is determined by

for and

bioavailability.!

enhancing its
1)

therapeutic  efficacy

2. MATERIALS AND METHOD

2.1 Materials

aceclofenac was procured from heterochemicals.
Mannitol, urea and all other chemicals were procured
from SD chemicals.

2.2 Methods

2.2.1 Preparation of solid dispersion

Solvent evaporation method

solvent evaporation method was used for preparation of
solid dispersion of aceclofenac. The composition is
shown in table 1. In solvent evaporation method the drug
and carrier’s mannitol, urea along with methanol were

dissolution rate in the gastrointestinal tract. The triturated in 1:2, 1:3, 1:4, 4:1 ratio in motor and pestle.
improvement of aceclofenac dissolution rate is an issue Trituration was continued until the solvent gets
evaporated.!%
Table 1: composition of solid dispersion formulations.
Formulation code | composition Ratio
F1 Acecl_ofenac: 12
mannitol
£ Acecl_ofenac: 14
mannitol
F3 Acecl_ofenac: 13
mannitol
F4 Acecl_ofenac: 41
mannitol
F5 Aceclofenac: urea 1:2
F6 Aceclofenac: urea 1:4
F7 Aceclofenac: urea 1:3
F8 Aceclofenac: urea 4:1

2.2.2 Optimization of solid dispersion

It is unavoidable to investigate the dissolution behavior,
in order to evaluate the feasibility of solid dispersion
technique. Hence, the appropriate dissolution medium is
critical. Ultraviolet-visible spectroscopy method was
developed to analyze the dissolution study. It was carried
out with dissolution apparatus using the paddle method.
Solid dispersion was placed into 900ml of dissolution
medium at 37°c and paddle rotation speed at 100 rpm. At
a predetermined interval (10, 20, 30, 40, 50, 60) 10ml of
sample was withdrawn and equal volume of warmed
fresh media was added. The concentration of aceclofenac
was analyzed by an ultraviolet spectrophotometer at a
wavelength of 275 nm.

2.2.3 Characterization of solid dispersion
Fourier-transform infrared spectroscopy

FTIR spectra were recorded at ambient temperature
using a spectrum 100 spectrometer equipped with a
pressure clamp and an attenuated total reflection
accessory with a ZnSe crystal at wavelength of 4000-400
cm. Samples of approximately 2mg were placed on the
crystal with a calibrated lever and scans were collected.

Powder x-ray diffraction®

PXRD studies were performed to identify the presence of
crystalline or amorphous forms in aceclofenac powder,
solid dispersion. PXRD patterns were obtained at room
temperature using an x-ray diffractometer operated at
40KV, 30 mA current, using a scan speed 2 deg/min and
scan range of 10-80 deg.

2.3 Evaluation of solid dispersion
Solid dispersion of aceclofenac was evaluated for
micromeritic properties such as angle of repose, tapped
density, carr’s index, hausners ratio.

2.3.1 Angle of repose

Funnel method was most often used to determine the
angle of repose of solid dispersion. Adjust the height of
the funnel, in such a way tip of the funnel must touch the
apex of the heap of dispersion. Accurately weighed
quantity of dispersion was allowed to flow through the
funnel on to the surface. The diameter of heap was
measured and from that angle of repose was calculated
by using the equation,

tan 6 = h/r

where h= height of the cone, r= radius of the cone, 6=
angle of repose.
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2.3.2 Bulk density

Both loose bulk density and tapped density were
determined. 2grams of solid dispersion of formulation
was slightly shaken to break the formed agglomerates
and introduced into the measuring cylinder. Initial
volume was observed, cylinder was allowed to fall onto
the hard surface from the height of 2.5cm, the tapping
was continued until the volume shows no change. TBD
was calculated by using the following equation,

TBD= weight of powder taken/ tapped volume of
packing

LBD= weight of powder/ volume of packing

2.3.3 Compressibility index

The granules compressibility was determined by carr’s
compressibility index by using following formula.

Carr’s compressibility index% = [(TBD-LBD) x 100] /
TBD.

2.3.4 Hausners ratio

Hausners ratio of the formulation can be calculated by
using the formula

Hausners ratio= TBD/LBD

Compressibility index has been defined by hausners.

2.4 Preparation of solid dispersion tablet

Among 8 formulations F4 was taken as the optimized
formulation as the f4 shows good release and solubility
properties. Required quantity of microcrystalline
cellulose (MCC) and talc were added as a diluent and
lubricant respectively to dried solid dispersion of
optimized formulation. And then pulverised using motor
and pestle. Mixture was passed through 50-mesh sieve.
Magnesium stearate of required quantity was added as an
anti-adherent and mixed well. The prepared dispersion
was compressed into tablet using stationary rotary tablet
press. Among 8 formulations F4 was taken as the
optimized formulation.

Table 2: ingredients in preparation of solid dispersion tablet.

S.no Ingredients Qnt/tablet (in mg)

1 Solid dispersion 120
2 Croscarmellose sodium 15
3 Sodium saccharin 5

4 Micro crystalline cellulose 245
5 Lactose 100
6 Magnesium stearate 10
7 Talc 5

8 Total weight 500

Prepared tablets were evaluated for hardness, friability,
weight variation, drug content, disintegration, invitro
dissolution studies, wetting time, water absorption ratio.

2.5 Post formulation studiest*!

2.5.1 Tablet thickness

10 tablets were randomly selected from formulation and
thickness was measured individually by vernier calliper.
average thickness was calculated and expressed in milli
meter.

2.5.2 Hardness

The hardness of the tablets was determined by hardness
tester (Monsanto tester) it was expressed in
kilopascal(kp). Ten tablets were selected from the
formulation and hardness of the tablets were determined
and average was calculated.

2.5.3 Weight variation

Average weight was determined by selecting 10 tablets
from the formulation. Then individual tablet weight was
compared with that of average weight.

2.5.4 Friability

Roche friabilater was used to determine the friability of
tablets. Utilizing a plastic chamber which revolves at a
speed of 25rpm and drops the tablets to a distance of 6
inch in each revolution, tablets are subjected to combined
effect of shock abrasion. A sample of pre-weighed

tablets was placed in Roche friabilator (friability tester)
which was then operated for 100 revolutions for 4min.
then the tablets were dedusted and reweighed. A loss of
less than 1% in weight is generally accepted. Percent
friability was calculated as.

Wiitia~ Wrina i/ Wrinal X 100.

2.5.5 Drug content

Tablet was taken and powdered accurately. Powder
containing about 100mg of aceclofenac was taken and
dissolved in 50ml of methanol in a 50ml volumetric
flask, 0.1ml of this solution was taken and diluted upto
25ml with methanol and absorbance was noted at 275
nanometres.

2.5.6 Disintegration

The disintegration time of the tablet was determined
using disintegration test apparatus. 900ml distilled water
was used as disintegrating media at 37 +0.2°%. time
required for complete disintegration of all tablets were
noted.

2.5.7 Wetting time

2 circular whatmann filter papers of 5cm diameter are
placed in a Petri plate with a 5cm diameter. 6ml of water
is added to the petriplate. A tablet is carefully placed on
the surface of the Whatmann filter paper. Wetting would
be noted as time taken for water to reach the surface of
the tablet.
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2.5.8 Water absorption ratio

Initial weight of the tablet was taken and the final weight
was after the water absorption by the tablet. It is
calculated by,

W= Wrinai-Winitial/ Winitial X 100

2.6 Invitro dissolution study

Invitro dissolution apparatus was rotated at 100 rpm.
Phosphate buffer PH 6.8(900ml) was taken as dissolution
medium. Temperature of the dissolution medium was
maintained at 37 degrees Celsius. Aliquots(5ml) of

Standard calibration curve

dissolution medium were withdrawn at specific time
interval and filtered. Absorbance of filter solution was
determined by uv- spectrophotometer at 275 nm and
drug concentration was determined from standard
calibration curve.

3. RESULTS AND DISCUSSION

Uv absorbance studies

Eight different concentrations of aceclofenac were
absorved under uv visible spectrophotometer. The
standard graph was plotted using the absorbance results.

calibration curve

0.25

0.2

0.15

0.1

0.05 .. ®
0 @

absorbance

y=0.0212x--®
R 3079909

concentration

Invitro drug release studies of optimized solid
dispersion™

Dissolution behavior is a significant mean to guide the
development of new formulation and could be used as a
disintegrating method in a formulation selection.
According to related literature, the dissolution was
carried out in buffer solution. Absorbance was measured
by uv visible spectrophotometer at 275 nm. The results

Table 3: percentage of drug release.

were calculated from standard calibration curve (y=
0.021, R*= 0.9975), of aceclofenac and Cumulative
percentage release of the drug was plotted against the
time. based on the dissolution profile among all the
formulations F4 showed the best release. In view of
solvent quantity and ratio of carrier, solid dispersion of
drug: polymer ratio of 4:1 was selected for further study.

time fl 2 13 4 5 6 7 8
0 0 0 0 0 0 0 0 0
10 74.7 21.6 46.8 69.3 50.4 27 38.7 73.8
20 68.4 24.3 51.3 74.8 61.2 24.3 48.6 774
30 57.6 27.9 53.1 75.6 69.3 27 37.8 74.7
40 59.4 28.8 56.7 82.7 56.7 27.9 66.6 72.9
50 64.8 29.7 54.9 91.8 45.9 28.8 60.3 75.6
60 72.9 324 53.1 97.9 57.6 30.6 69.3 76.5

Percentage of drug release graph

Dissolution
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Transmittance (%]

Invitro drug release studies of solid dispersion tablet
Invitro drug release study of solid dispersion tablet was
performed in the phosphate buffer for about 30minutes.

Absorbance was measured using uv spectrophotometer.
And graph was plotted cumulative drug release against
time.

Tablet dissolution
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@
b
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Micromeritic properties of solid dispersion of

powder. Results of angle of repose, bulk and tapped

aceclofenac density, compressibility index, hausners ratio are
Optimized Solid dispersion(f4) was found to be white summarized in table 3.
without any color changes, free flowing and odorless
Table 3: micromeritic properties of optimized solid dispersion.
formulation | Angle of repose | Bulk density | Tapped density | Carrsindex | Hausners ratio
F4 22.5 0.457 0.534 14.42 +0.02 1.20 £0.02
Compatibility Study 1255.43, negative saccharin ion with asymmetric

Fourier transform infrared spectroscopy

Aceclofenac

FTIR spectrum of pure aceclofenac showed absorption
bands such as O-H stretching at 3274.98cm™, aromatic
ring stretch at 1448.55cm™, c=c stretching at 1698.84cm’
! skeleton vibration of aromatic c-c stretching at
1541cm™, aromatic out plane bending for C-H at
750.31cm™ these peaks were also shown by solid
dispersion and optimized batch.

Mannitol
mannitol showed absorption bands at 3566.63- OH
stretching, C-O stretching were appeared at 1015.81cm™.

Sodium saccharin
Sodium saccharin showed absorption bands at 1586.21,
1448.76 C-C benzene ring stretching, so,-N stretching at

|

© B )

95

14

990

2500 1000

Wavenumber cm

3500 3000 2000 1500
n-1

Figure 1: Ftir of aceclofenac

absorption and carbonyl bending were appeared at
746.60, 970.44.

Aceclofenac solid dispersion

FTIR showed that the fundamental peak of aceclofenac
solid dispersion at 3337.69cm®,  3236.65cm™,
2974.55cm™, 2359.70cm™, 1716.01cm™ attributable to
various functional groups like amines, aliphatic amines,

secondary amines, alkenes, alkanes, alcohols, and
phenols respectively.

Aceclofenac tablet powder

Tablet formulation shows peaks at 3841.09cm™,

2472.88cm™, 2116.36cm™, 974.06cm™, attributes to
various groups like hydroxyl, moderate to prominent
phenyl ring bands, ketone bands respectively.
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Figure 2: Ftir of mannitol
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Figure 5: Ftir of aceclofenac tablet powder
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x- ray diffractometry
the height of characteristic peak intensity of aceclofenac
extract is remarkably reduced in case of diffractogram of
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Figurel: XRD of Solid dispersion.

DISCUSSION

angle of repose of optimized solid dispersion formulation
was found to be 22.5+ 0.03. angle of repose of solid
dispersion prepared by using urea as a carrier was found
be more than 25. Hence optimized solid dispersion
prepared by carrier mannitol(f4) showed excellent flow
property than that of solid dispersion prepared by using
urea (f5, f6, f7, f8). Bulk density and tapped density of
optimized formulation was 0.457 and 0.534 respectively.
Compressibility index and hausners ratio of f4
formulation was found to be 14.42 and 1.20 respectively.

i

Transmitance (%]

988 990 992 994 996 %8 1000

1000

Figure 4: Ftir of aceclofenac solid dispersion

solid dispersion. this indicates that aceclofenac extract
may have converted to metastable amorphous form or
may have dissolved in the matrix system.

i, Lol 'L.J,L*LLJM,LWLW o

Figure 2: Drug.

Examination of tablets shown flat circular shape with no
cracks having white colour. The thickness of tablets was
found to be 3.08+0.04. all the tablets showed uniform
thickness. In weight variation test, the pharmacopoeia
limit for percent of deviation for tablets of more than
250mg is+ 5%. All formulations passed the weight
variation test, The average percentage deviation of all
tablets was found to be within limits. The drug content
was found to be uniform among all the tablets and found
to be 95.25+ 0.25%. the hardness of the tablets was
found to be 6.5kg/cm? Tablets of solid dispersion
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prepared using mannitol showed maximum hardness.
Disintegration time of all the tablets was found to be less
than 5 min. the friability of tablets of formulation were in
the range of 0.622 i.e., less than 1%.

Drug release from solid dispersion was found to be
higher as compared to plain aceclofenac. it could be
suggested that in the solid dispersion, molecular
dispersion of the drug in the polymeric carriers led to the
improved dissolution rates by particle size reduction and
surface area enhancement. Surrounding hydrophilic
polymers shows an enhancement in drug solubility and
bioavailability, dissolved extract from solid dispersion
tablet formulation leads to higher absorption and higher
oral bioavailability.””) Results also reveals that the solid
dispersion prepared using mannitol gives higher
dissolution rate as compared to that of solid dispersion
prepared by using urea as a carrier.

The compatibility study using FTIR showed that the
fundamental peak of aceclofenac retained with slight
shifting, which reveals the aceclofenac is stable and
retains its functional ability with mannitol.

CONCLUSION

The dissolution of aceclofenac was found to be more
from solid dispersion prepared by using mannitol as a
carrier. From various batches of solid dispersion of
aceclofenac formulation f4 was selected as optimized
formulation by considering dissolution, drug content,
percent drug release. compatibility study using FTIR
showed that, aceclofenac is compatible with mannitol
and can be used for preparation of stable formulation.
Hence study concluded that, solid dispersion of
aceclofenac using mannitol can be prepared by solvent
evaporation technique to enhance aqueous solubility,
dissolution, and hence oral bioavailability.
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