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Development and Evaluation of Diclofenac sodium
Controlled Release Dosage Forms Using Natural,
Hydrophilic and Hydrophobic Polymers and its
Comparative Studies

Divvela Hema Naga Durga’, Duppala Lohithasu, Kolapalli Venkata Ramana Murthy

Division of Pharmaceutical Technology, A.U. College of Pharmaceutical Sciences, Andhra University, Visakhapatnam-530003,
Andhra Pradesh, INDIA.

ABSTRACT

The aim of the present study is to develop the controlled release dosage form of
diclofenac using hydrophilic polymers (xanthan gum from natural origin, hydroxy propyl
methyl cellulose K 100M from semisynthetic origin) and hydrophobic polymer (compritol
888 ATO from synthetic origin). Diclofenac sodium matrix tablets were prepared by
xanthan gum and hydroxy propyl methyl cellulose by wet granulation method. Hot
melt granulation method was used for compritol as it was insoluble polymer. Fourier
transform infrared spectroscopy (FTIR) analysis, differential scanning calorimetry (DSC)
and X-Ray diffraction (XRD) studies indicated that there was no interaction between drug
and polymers. Matrix tablets were formulated according to formulae and evaluated the
suitability for controlled release systems for 24 h. Tablets prepared with xanthan gum,
hydroxy propyl methyl cellulose and compritol matrix tablets showed zero order drug
release. The hardness for all the formulations found to be in the range of 4-5 kg/cm?2.
The friability values of all formulations were found to be less than 1 %. The drug content
of each individual preparation was found to be within the specified limits of the stated
amount of diclofenac sodium. XGD4, HPD4 and CD2 formulations were considered as
optimum formulations for oral controlled release of diclofenac sodium.
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Oral administration is the frequently used
route of drug administration and is the most
convenient and economic. It is frequently
used route because gastrointestinal (GI)
physiology offers more flexibility in dosage
from design than other routes.* Among
different oral dosage forms tablets are pop-
ular due to ease of preparation, economy
and accuracy of dose. However, immediate
release tablets suffer disadvantages like
frequent dosing for short biological half life
drugs, fluctuations in plasma concentration.
To minimize these disadvantages controlled
release tablets were designed. These deliver
the drug locally in the gastrointestinal tract
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(GIT) or systemically at predetermined
rate for specific period of time by different
types of mechanism.”®

Diclofenac sodium is a no steroidal anti-
inflammatory drug (NSAID) that exhibits
anti-inflammatory, analgesic and antipyretic
activities.It is a heterocyclic aryl acetic acid
derivative and non-selective COX inhibitor.
Diclofenac sodium is a white to slightly
yellowish crystalline powder, odoutrless,
hygroscopic powder. It is freely soluble in
methanol, soluble in ethanol, sparingly sol-
uble in water and glacial acetic acid, prac-
tically insoluble in chloroform, ether and
toluene. The pK_ of diclofenac sodium is
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3.80 at 25°C. The experimental log P (n-octanol/water)
and C log P values of diclofenac sodium are 4.40 and
4.71 respectively. Its melting point is 280°C with decom-
position.’

Xanthan gum occurs as a cream or white-coloured,
odourless, free-flowing, fine powder. It is widely used in
oral and topical pharmaceutical formulations, cosmetics
and foods as a suspending and stabilizing agent. It is
used as a thickening and emulsifying agent. It is used
to prepare controlled release matrix tablets. It is used
in ophthalmic liquid dosage forms and used to increase
the bioadhesive strength in vaginal formulations.'"'®
Hydroxy propyl methyl cellulose is an odoutless, tasteless,
white or creamy-white fibrous or granular powder. It is
used as tablet binder, film-former in tablet film coating
and extended release matrix tablet formulations. Lower
viscosity grades are used in aqueous film coating and
higher viscosity grades are used in solvent film coating.
The concentration varies from 2 to 10 % w/v depends
on the viscosity grade of the polymer. 2 to 5 % w/v
used as tablet binder and high viscosity grades are used
to retard the drug from matrix in tablets and capsules.
In eye drops and artificial tear solutions used as thickening
agent at 0.45 to 1 % w/v concentration. It is used in
protective colloids, which prevents droplets and particles
from coalescing, It is used as emulsifier, suspending
agent and stabilizer in gels and adhesive in plastic
bandages. Here after hydroxy propyl methyl cellulose K
100M was written as hydroxy propyl methyl cellulose
(HPMC)."”*#Compritol 888 ATO occurs as a fine white
to off white free flowing powder or hard waxy mass
with a faint odour, tasteless, non reactive with other
formulation ingredients. It is used in cosmetics, foods
and oral pharmaceutical formulations. It is used in the
preparation of controlled release tablets as a matrix
forming agent of water soluble drugs by melt granulation
method (>10 % w/w), as a lubricant in oral solid
dosage formulations (1 to 3 % w/w), as a hot melt coating
agent sprayed on to a powder and for the formation of
solid lipid nanoparticles. In cosmetics it is mainly used
as a viscosity-increasing agent (1 to 15 % w/v).>>*

MATERIALS AND METHODS
Materials

Diclofenac sodium is obtained as a gift sample from
Crips Laboratory Pvt. Ltd, Visakhapatnam. Xanthan
gum and hydroxy propyl methyl cellulose obtained from
A.R Loba chemical Pvt. Ltd, Mumbai. Compritol 888
ATO wasprovided by Colorcon Asia Pvt. Ltd, Mumbai.
All other chemicals used were of analytical grade.

Preparation of matrix tablets of diclofenac sodium

Diclofenac sodium matrix tablets were prepared by
mixing the ingredients previously passed through sieve
No. 100 sufficient for a batch of 200 tablets weighed
according to the formulas shown in Table 1 to 3. The
drug was geometrically mixed with polymer (xanthan
gum/hydroxy propyl methyl cellulose) until a homog-
enous blend was achieved. 2 % w/v xanthan gum
dispersion in water was used as granulating agent for
preparation of xanthan gum matrix tablets respectively.
5 % w/v poly vinyl pyrrolidone (PVP) in ethanol was
used as granulating agent for the preparation of hydroxy
propyl methyl cellulose matrix tablets. Granules were
prepared by passing mass initially through sieve No. 12
(nominal mesh aperture size 1.4 mm and approximate
% sieving area 44) and dried at 50 °C in hot air oven.
Dried granules passed through sieve No. 22 (nominal
mesh aperture size 710 um and approximate % sieving
area 37). Granules of compritol were made by hot melt
granulation method. Compritol was melted in a porcelain
dish on a water bath at 75 °C for 3 min. Diclofenac
sodium was added gradually with stirring until uniformly
mixed. The molten mixture was allowed to cool slowly
while stirring and solidify at room temperature. The
solidified mass was crushed in mortar and passed
through a sieve No. 22. Then granules were lubricated
with magnesium stearate and talc and blended for 3 min
in polybag, All granules made with different polymers
showed good flow characters. Hence, the final blend
was compressed into tablets on a 16-station rotary
punching machine (M/s. Cadmach Machinery Co. Pvt.
Ltd., India) using 8 mm or 10 mm round flat punches
with compression force sufficient to obtain hardness of
4 to 5 kg/em®.

Evaluation of prepared matrix tablets33-4
Uniformity of weight

According to Indian Pharmacopoeia, twenty tablets were
selected at random and average weight was determined.
Tablets were weighted individually and the percentage
deviation of its weight from the average weight was
determined. Prepared tablets complies the test if not
more than two of the individual weights deviated from
the average weight by more than the 7.5 percentage and
none deviate more than twice the percentage 7.5 for
tablets weighing in the range of >80-<250 mg.

Hardness

Five tablets were selected at random and the hardness
of each tablet was measured using Monsanto hardness
tester.

Indian Journal of Pharmaceutical Education and Research | Vol 51 | Issue 1 | Jan-Mar, 2017 117



Durga et al.: Development and evaluation of Diclofenac controlled release dosage forms

Table 1: Formulas of xanthan gum matrix tablets of diclofenac sodium (XGD1 to XGD6)

Ingredients Formula code
(mg per tablet) XGD1 XGD2 XGD3 XGD4 XGD5 XGD6

Diclofenac sodium 100 100 100 100 100 100

Xanthan gum 20 40 60 80 100 120
2 % wl/v dispersion of xanthan gum equivalent to 2 2 2 2 2 2
Magnesium stearate & 5 3 & 3 &
Talc 2 2 2 2 2 2

Tablet weight (mg) 127 147 167 187 207 227

Table 2: Formulas of hydroxy propyl methyl cellulose matrix tablets of diclofenac sodium
(hpd1 to hpd6)

Ingredients Formula code
(mg per tablet) HPD1 HPD2 HPD3 HPD4 HPD5 HPD6
Diclofenac sodium 100 100 100 100 100 100
HPMC K 100M 10 20 30 40 50 60
Poly vinyl pyrrolidone (PVP) 5 % wl/v 5 5 5 5 5 5
Magnesium stearate 8 3 8 3 3 3
Talc 2 2 2 2 2 2
Tablet weight (mg) 120 130 140 150 160 170

Table 3: Formulas of compritol matrix tablets of diclofenac sodium (CD1 to CD4)

Ingredients Formula code
(mg per tablet) CD1 CD2 cD3 cb4
Diclofenac sodium 100 100 100 100
Compritol 888 ATO 10 20 30 40
Magnesium stearate 8 3 3 8
Talc 2 2 2 2
Tablet weight (mg) 115 125 135 145

Thickness

Five tablets were selected at random and thickness of
the each tablet was evaluated by Vernier callipers. Mean
and standard deviation was calculated.

Friability

This test is applicable to compressed tablets and is
intended to determine the physical strength of tablets.
The friability test was carried out in Roche friabilator.
The tablets equivalent to a weight 6.5 g were selected
randomly and initial weight (w ) was noted and put in a
rotating drum. Then, they were subjected to 100 falls of
6 inches height (25 rpm for four minutes). After comple-
tion of rotations, the tablets were deducted and weighed
them accurately (w). The test was run only once unless
the results are difficult to interpret or if the weight loss
was greater, in that case the test was repeated twice and
the mean of the three tests was determined. The
percent loss in weight should not be greater than 1.0 %

118

is acceptable. The percent loss in weight or friability (f)
was calculated by equation given below.

f=[1—1)><100
W

Estimation of drug content

From each batch, 10 tablets were randomly collected,
powdered in a glass mortar individually and the powder
equivalent to 50 mg of diclofenac sodium was placed
in a 50 mL volumetric flask. The drug was extracted
with 25 ml of methanol with vigorous shaking on a
mechanical shaker for 1 h and filtered into a 50 mL
volumetric flask through 0.45 um Millipore nylon filter
disc and the filtrate was made up to mark with methanol.
Further appropriate dilutions were made with pH 6.8
buffer and the absorbance was measured at 276 nm
against blank prepared under same conditions without
drug using UV visible spectrophotometer.
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In vitro dissolution studies

Dissolution test was carried out using USP XXIV
dissolution test apparatus (M/s. Lab India, Model:
DISSO 2000) employing the paddle stirrer (Apparatus 1I)
and the stirring rate was 50 rpm. The 0.IN HCI (pH 1.2)
was for the first 2 h and pH 6.8 phosphate buffer was
used for remaining 24 h as dissolution medium (900 mL)
and was maintained at temperature 3720.5 °C. Samples
of 5 mL were withdrawn at predetermined time intervals
with syringe fitted with a pre filter and immediately
replaced with 5 mL of fresh medium maintained at
temperature 3710.5 °C. The collected samples were
diluted suitably with dissolution medium, wherever
necessary and were analyzed for the diclofenac sodium
content spectrophotometric method at 276 nm. Each
dissolution study was performed for three times. The
mean of percentage of diclofenac released from tablets
and standard deviation were calculated.

Drug release kinetics of the matrix tablets

The analysis of drug release mechanism from a pharma-
ceutical dosage form is an important but complicated
process. The dissolution data is fitted to popular release
models such as zero order, first order, diffusion and
erosion. The order of drug release from matrix systems
was described by using zero order kinetics or first order
kinetics. The mechanism of drug release from matrix
systems was studied by using higuchi and erosion equations.

Zero order release kinetics

It defines a linear relationship between the fractions of
drug released versus time.

Q =kt
Where, Q) is the fraction of drug released at time t and
k_is the zero order release rate constant.A plot of the

fraction of drug released against time will be linear if
the release obeys zero order release kinetics.

First order release kinetics

Wagner assuming that the exposed surface area of a
tablet decreased exponentially with time during dissolu-
tion process suggested that drug release from most slow
release tablets could be described adequately by apparent
first-order kinetics.

In(1-Q) = —k t

Where, Q is the fraction of drug released at time (t)
and k, is the first order release rate constant.A plot of
the logarithm of the fraction of drug remained against
time will be linear if the release obeys first order release
kinetics.

Higuchi equation

It defines a linear dependence of the active fraction
released per unit of surface (Q) on the square root of
time.

— 1/2
Q =kt
Where, Q is the fraction of drug released at time t, ks
the release rate constant. A plot of the fraction of drug

released against square root of time will be linear if the
release obeys Higuchi equation.

Erosion equation

This equation defines the drug release based on tablet
erosion alone.

Q = 1-(1-k,t)’
Where, Q is the fraction of drug released at time t, k,
is the release rate constant. A plot between [1-(1-Q']

against time will be linear if the release obeys erosion
equation.

RESULTS AND DISCUSSION

Matrix tablets were formulated according to formulae
and evaluated the suitability for controlled release systems
for 24 h. Diclofenac sodium matrix tablets were prepared
by xanthan gum and hydroxy propyl methyl cellulose by
wet granulation method. Hot melt granulation method
was used for compritol as it was insoluble polymer. The
angle of repose values of granules were found to be
xanthan gum (24-31), hydroxy propyl methyl cellulose
(22-30) and CD2 (21-28) which indicated that all the
granules were free flowing and good enough for punching,
The tablets were compressed using 8 mm or 10 mm
punches depending on the total weight of the tablet.
The weight of the tablet (XGD5 and XGDG6) more than
200 mg were punched by 10 mm punch and remaining
were punched by 8 mm punch. The prepared tablets
were evaluated for their tabletting characters and drug
release.

Uniformity of weight, hardness, thickness, friability
and drug content:

The results of uniformity of weight, hardness, thickness,
friability and drugcontent for all formulations were calcu-
lated and results are given in Table 4. The weight variation
of the tablets was complied with the compendia standards
for uniformity of weight. The % deviation of the all
the formulations were within the range and less than
the standard value (7.5 %). The hardness for all the
formulations found to be in the range of 4-5 kg/cm?
The friability values of all formulations were found to
be less than 1 %. The drug content of each individual
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Table 4: Tabletting characteristics of matrix tablets of diclofenac sodium

Formulation Uniformity of weight® Hardness® Thickness Friability® Drug content
(mg) (kg/lcm?) (mm)° (%) (%)
XGD1 127.27+0.8379 4-5 3.19+0.08 0.58 99.58+1.05
XGD2 147.3410.9471 4-5 3.62+0.15 0.47 99.57+0.84
XGD3 168.21+1.2584 4-5 3.760.08 0.49 100.21+0.51
XGD4 187.34+0.9678 4-5 3.84+0.04 0.34 99.64+0.76
XGD5 207.45+1.3248 4-5 2.93+0.12 0.37 99.83+0.65
XGD6 228.14+0.7904 4-5 3.16+0.09 0.29 99.71+1.23
HPD1 120.61+0.4067 4-5 3.21+0.04 0.43 99.48+0.85
HPD2 130.43+1.1440 4-5 3.24+0.07 0.51 99.78+1.36
HPD3 140.66+0.4889 4-5 3.28+0.15 0.37 100.17+2.18
HPD4 150.17+0.8068 4-5 3.360.06 0.31 99.54+1.41
HPD5 160.21+0.7806 4-5 3.42+0.11 0.29 99.63+0.55
HPD6 170.40+0.8484 4-5 3.48+0.05 0.35 100.37+0.48
CD1 115.39+2.3391 4-5 3.08+0.07 0.38 100.10+0.46
CD2 126.37+1.0960 4-5 3.17+0.13 0.41 99.89+1.45
CD3 135.35+0.4815 4-5 3.260.06 0.35 99.64+0.21
CcD4 145.16+0.8764 4-5 3.41+0.07 0.27 99.51+0.84

preparation was found to be within the specified limits
of the stated amount of diclofenac sodium, indicating
that the test complies with the official compendia test
for tablets as per Indian pharmacopoeia (IP). Thus,
diclofenac sodium controlled release tablets prepared
with the selected polymers were regarded as good quality,
fulfilling the official requirements of tablets.

In vitro dissolution studies

The influence of pH on dissolution behavior of a phar-
maceutical product plays a very important role. Biologi-
cal fluids show indeed a high variability in pH values
influencing either the amount of drug reaching circu-
latory system after oral administration or the place of
absorption along the gastro intestinal tract. Diclofenac
sodium solubility depends on the pH of the solution.
Diclofenac sodium is more soluble in the alkaline media
and it is slightly soluble in acid media. Therefore, in pH
1.2 percent diclofenac sodium released from the matrix
tablets was less than 7 % due to its low solubility in
acidic media.

Formulations XGD1, XGD2, XGD3, XGD4, XGD5
and XGD6 with 2.2:10, 4.2:10, 6.2:10, 8.2:10, 10.2:10
and 12.2:10 ratio of xanthan gum-drug showed drug
release 100.59, 99.78, 100.97, 100.52, 100.67 and 100.40
% within 12, 16, 20, 24, 28 and 32 h as shown in Fig; 1.
In presence of water the hydrophilic polymers become
hydrated, then swells to form a gel within and outside
the matrix tablet. The gels will form a diffusion barrier
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within and around the tablet cores, increasing the diffusion
path length of drug molecules which causes reduced
drug release from the tablets. XGD4 formulation can
be considered as an optimum formulation for oral con-
trolled release of diclofenac sodium with xanthan gum.
Formulations HPD1, HPD2, HPD3, HPD4, HPD5
and HPDG6 with 1:10, 2:10, 3:10, 4:10, 5:10 and 6:10
ratio of hydroxy propyl methyl cellulose-drug showed
drug release 99.56, 99.57, 100.06, 99.90, 100.16 and
99.77 % with in 10, 12, 16, 24, 28 and 32 h are showed
in Fig, 2. There must be sufficient polymer content in
a matrix system to form barrier. The barrier protects
the drug from immediately releasing into the dissolution
medium. If the polymer level is too low, a complete gel
layer may not form. Polymer level increased in the
formulation results in decreased drug release rate. HPD4
formulation can be considered as an optimum formulation
for oral controlled release of diclofenac sodium with
hydroxy propyl methyl cellulose.

Formulations CD1, CD2, CD3 and CD4 with 1:10,
2:10, 3:10 and 4:10 ratio of compritol-drug showed
drug release 99.83, 99.59, 100.63 and 99.82 % with in
20, 24, 32 and 36 h respectively as shown in Fig. 3. Com-
pritol is a waxy material owing hydrophobic property. At
higher concentration, the rate and extent of drug release
was significantly reduced due to increased tortuosity
and reduced porosity of the matrix. CD2 formulation
can be considered as an optimum formulation for oral
controlled release of diclofenac sodium with compritol.
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Figure 1: Dissolution profiles of xanthan gum matrix tablets

of diclofenac sodium (XGD1 to XGD6)
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Figure 2: Dissolution profiles of hydroxy propyl methyl cellu-
lose matrix tablets of diclofenac sodium (HPD1 to HPD6)
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Drug release kinetics

The correlation coefficient (r) values of zero order
and first order kinetics of all formulations are shown
in Table 5. The regression value of the formulations
confirmed zero order release kinetics for XGD1 to
XGD6, HPD1 to HPDG and CD1 to CD4. Tablets
prepared with xanthan gum, hydroxy propyl methyl
cellulose and compritol matrix tablets showed zero
order drug release.
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Figure 3: Dissolution profiles of compritol matrix tablets of
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Figure 4: FTIR spectra of (a) diclofenac sodium (b) xanthan

gum (c) formulation XGD4
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Table 5: Correlation coefficients (r) values of drug

release Kinetics of matrix tablets of diclofenac sodium

Zero order First order
Formulation k, r k, R
(mg.h") (h)
XGD1 7.719 0.9602 0.147 0.8922
XGD2 6.317 0.9834 0.111 0.9225
XGD3 5.355 0.9884 0.101 0.9497
XGD4 4.597 0.9844 0.094 0.9623
XGD5 3.559 0.9935 0.053 0.9618
XGD6 3.082 0.9955 0.044 0.9534
HPD1 9.456 0.9612 0.159 0.9022
HPD2 8.467 0.9694 0.166 0.9327
HPD3 7.094 0.9691 0.177 0.8899
HPD4 4.774 0.9783 0.118 0.9214
HPD5 4.549 0.9721 0.092 0.9685
HPD6 4.176 0.9783 0.076 0.9778
CD1 5.731 0.9788 0.122 0.9672
CD2 4.802 0.9818 0.118 0.9354
CD3 4.031 0.9884 0.071 0.9633
CD4 3.417 0.9945 0.051 0.9333

Table 6: Correlation coefficients (r) values of drug

release mechanism of matrix tablets of diclofe nac

sodium

Formulation Higlrmhi ErOfion
XGD1 0.8055 0.9236
XGD2 0.8637 0.9466
XGD3 0.8944 0.9721
XGD4 0.9072 0.9803
XGD5 0.8862 0.9757
XGD6 0.8689 0.9798
HPD1 0.9618 0.9518
HPD2 0.9706 0.9696
HPD3 0.9757 0.9737
HPD4 0.9884 0.9869
HPD5 0.9864 0.9935
HPD6 0.9879 0.9943
CD1 0.9921 0.9829
CD2 0.9915 0.9889
CD3 0.9922 0.9899
CD4 0.9813 0.9757

Drug release mechanism

The drug release mechanism was determined by fitting
dissolution data to the linear regression plots for

dissolution profiles. Higuchi and erosion plot were

drawn and correlation coefficients of release mechanism
of all formulations are shown in Table 6.

Drug-excipient compatibility studies

The excipients chosen, their concentration and charac-
teristics can influence the final drug product. According
to international conference on harmonization (ICH)
guidelines drug-excipient compatibility studies are
normally carried for physical mixture of drug and
selected excipient.”® However thete is a possibility of
drug-excipient incompatibility during compression due
to heat and other factors (processing variables) rather
than physical mixture. Hence compatibility studies were
carried for matrix tablets instead of physical mixtures.
For other polymers also compatibility studies for physical
mixtures were not done because these polymers were
earlier reported for their applicability for diclofenac sodium.
Drug-polymer interactions were carried for the optimized
formulations. The techniques employed in the present
work to study the drug-polymer interactions are fourier
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Figure 5: FTIR spectra of (a) diclofenac sodium (b) hydroxy
propyl methyl cellulose (c) formulation HPD4
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Figure 6: FTIR spectra of (a) diclofenac sodium (b) compritol
(c) formulation CD2

transform infrared spectroscopy, differential scanning
calorimetry and X-ray diffraction studies.

Infrared spectroscopy (FTIR) studies

The FTIR spectra of pure drug diclofenac sodium, pure
polymers (AHG, xanthan gum, hydroxy propyl methyl
cellulose and compritol) used in study and their respec-
tive selected formulations (XGD4, HPD4 and CD2)
are shown in Fig. 4 to 6.The fourier transform infrared
spectra of diclofenac sodium showed the principle
absorption peaks at 3381.26 cm™ due to —-NH stretching of
secondary amines, 1575.31 cm™ due to —C=O stretching
of carboxylions and 770.36 cm™ due to C-Cl stretching in
the spectrum. Pure xanthan gum showed characteristic
alcoholic peak at 3421.15 ecm™, -CH stretch at 2930.64
cm’, -C=0 stretch at 1733.91 ecm™, -C=CH, stretch
at 1617.02cm’!, -C-O-C- stretch at 1239.17 cm™ and
1058.72 cm™. XGD4 formulation showed characteristic
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Figure 7: DSC spectra of (a) diclofenac sodium (b) xanthan
gum (c) formulation XGD4

drug peaks at 3387.28 cm™, 1574.58 cm™ and 766.74 cm!
with minor shifts.

Hydroxy propyl methyl cellulose pure polymer showed
an alcoholic stretch at 3456.43 cm™, -C=CH, stretch at
1653.70 cm’!, -C-O-C- asymmetic stretch at 1120.88 cm!
and —C-O-C- symmetric stretch at 1060.45 cm™. In
diclofenac formulation HPD4 showed minor shift of
drug peaks at 3387.57 cm’, 1574.84 cm™! and 768.12
cm’. Compritol pure polymer showed an alcoholic
stretch at 3442.91 cm™, -C=0 stretch at 1735.61 cm,
-O-C=C asymmettric stretch at 1178.11 cm™ and —C-O-
C- stretch at 1054.76 cm™. In diclofenac formulation
CD2 showed minor shift of drug peaks at 3387.57 cm™,
1574.78 cm™ and 768.30 cm'.

Differential scanning calorimetry (DSC)

The thermograms of pure drug diclofenac sodium,
pure polymers (xanthan gum, hydroxy propyl methyl
cellulose and compritol) and selected formulations
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Figure 8: DSC spectra of (a) diclofenac sodium (b) hydroxy
propyl methyl cellulose (c) formulation HPD4

(XGD4, HPD4 and CD2) are shown in Fig. 7 to 9.DSC
thermogram of diclofenac sodium showed an endo-
thermic peak at 283.5°C, this was in correlation with
the melting point of the drug. The endothermic peaks
were observed at 114 °C, 108 °C and 71.8 °C for
xanthan gum, hydroxy propyl methyl cellulose and com-
pritol respectively. The formulations XGD4, HPD4 and
CD2 showed endothermic peak of diclofenac sodium at
275.7°C, 260.6°C and 251.3 °C respectively. The slight
change of melting peak of diclofenac sodium in
prepared formulations XGD4, HPD4 and CD2 may be
due to addition of the polymers. The polymers selected
in the study were with melting points less than diclofenac
sodium and are hydrophilic in nature. The low melting
point of the polymer might have influenced the melting
point of pure drug of diclofenac sodium. This may be
the reason for the change in endothermic peak of drug.
Hence the slight variation in melting peaks of diclofenac
sodium was due to physical interaction and not because
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Figure 9: DSC spectra of (a) diclofenac sodium (b) compritol
(c) formulation CD2

of either chemical interaction or complexation between
diclofenac and AHG, xanthan gum, hydroxy propyl
methyl cellulose and compritol during manufacturing
process.

X-ray diffraction studies

The X-ray diffracto gram of pure drug diclofenac
sodium, pure polymers (xanthan gum, hydroxy propyl
methyl cellulose and compritol) used in study and
selected formulations (XGD4, HPD4 and CD2) are
shown in Fig.10 to 12 . The X-ray diffracto gram of diclof-
enac sodium showed sharp peaks at 15.3128°, 17.3405°,
20.1200°, 20.4000°, 21.1600°, 23.4000°, 23.6000°,
27.1683° and 27.9553° 20 indicating the crystallinity
of the drug. Pure polymers xanthan gum and hydroxy
propyl methyl cellulose showed broad peaks at 44.0599°,
64.4305°, 77.5498° 20 (xanthan gum) and 19.3000°,
20.4800°, 37.8190°, 44.0561°, 64.4204°, 77.5425° 20
(hydroxy propyl methyl cellulose) respectively. This
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Figure 10: XRD patterns of (a) diclofenac sodium (b) xanthan
gum (c) formulation XGD4

indicated that the polymers selected were amorphous
in nature. Compritol showed sharp peaks at 21.0739°,
23.0731°, 24.3400°, 44.0630°, 64.4271° and 77.5531°
angle 20 indicating the crystalline nature of the polymer.
In formulation XG4 the peaks observed at, along with
characteristic peaks of pure polymer 12.9000°, 14.3625°,
20.1400°, 20.9766°, 25.8690°, 44.0781°, 64.4377° and
77.5582° 20. In HPD2 formulation peaks observed
at 13.2633°, 14.6500°, 20.4200° and 21.2857° 20. The
intensity of some of the peaks was reduced and shifted
slightly when compared to the pure drug. Formulation
CD2 showed characteristic peaks of pure drug at, along
with characteristic polymer peaks at 21.1500°, 23.3966°,
26.9900°, 27.7958°, 44.0800° and 77.5633° 20. Intensity
of some peaks was reduced and some characteristic
peaks of the pure drug were lost.

The changes in the X-ray diffraction patterns observed
might be due to the fine dispersion of drugin the polymers
during mixing and may be due to the compression force
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Figure 11: XRD patterns of (a) diclofenac sodium (b) hydroxy
propyl methyl cellulose (c) formulation HPD4

applied during the preparation of the tablets. Therefore,
it can be concluded as there is a physical interaction
between the drug and polymers and not the chemical

interaction.

CONCLUSION

All the formulations showed good tabletting character-
istics. Polymers were selected for this study was natural
(xanthan gum), semisynthetic (hydroxy propyl methyl
cellulose) and synthetic (compritol). Matrix tablets were
prepared with selected polymers and drug release
profiles were carried. Drug release kinetics and drug
release mechanism were evaluated. Fourier transform
infrared spectroscopy (FTIR) analysis, differential scan-
ning calorimetry (DSC) and X-Ray diffraction (XRD)
studies indicated that there was no interaction between

drug and polymers.
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Figure 12: XRD patterns of (a) diclofenac sodium (b) compritol
(c) formulation CD2
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® Diclofenac sodium matrix tablets were prepared by
using xanthan gum, HPMC K 100M and compritol
for controlled release.

® 2 % w/v of xanthan gum, 5 % w/v of PVP was
used as granulating agent. The polymers from
natural origin (xanthan gum), semi synthetic origin
(HPMC) and synthetic origin (compritol 888 ATO)
were used as drug release retardants for controlled
release matrix dosage forms.
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