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ABSTRACT: The objective of this current work is to develop the
formulation and evaluation of a subcutaneous drug delivery system based on
diclofenac sodium microemulsion. A different formulation has been
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formulated using a modifying amount of gelling agent and a penetration
enhancer. Pseudo ternary phase diagrams were constructed for different
microemulsion formulations composed of the formulations FEG1, FEG2,
and FEG3 manufactured by Carbopol 934 and FEG4, FEGS5, and FEG6 by
Xanthan gum, and the formulations FEG7, FEG8, and FEG9 were prepared
by HPMCK15M as a dispersion phase. The formulation was an evaluation
for physicochemical properties of drug and polymers, rheological studies, In-
vitro drug release studies, Zero-order, and first-order release kinetics studies.
The in-vitro release of the microemulsion drug was greater than the
commercialized formulation. The Hind paw method (Acute inflammatory
model) test was performed in rate to evaluate the analgesic activity of
fabricated emulgel. The overall findings of this study suggest that the
developed emulgel formulation of diclofenac sodium can be used potential
approach for the management of analgesic effect.
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INTRODUCTION: In the current work, an
attempt fabrication microemulsion-based sub-
cutaneous drug delivery in a lipid-containing
dosage form as in an oil-in-water microemulsion.

Danielsson and Lindman, in 1981, described the
microemulsion as a “"water, oil and amphiphilic
system that is an optically isotropic and
thermodynamically stable liquid solution” °>.

The microemulsion concept was introduced in 1940
by Hoar | and Schulman, who generated a clear,
single-phase solution by titrating a milky emulsion
with hexanol *. Schulman and his colleagues coined
the term "microemulsion,” and since then, it has
been defined and redefined several times 2.
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Microemulsions, as defined by Attwood, are water,
oil, surfactant, and co-surfactant system, which is a
unique, optically isotropic, and thermodynamically
stable, clear liquid * In other words,
“microemulsions are liquid dispersions of water
and oil that become homogeneous, transparent (or
translucent) and thermodynamically stable by
adding relatively large amounts of surfactant and
cosurfactant and having a drop diameter in the
range of 100 at 1000 A0 (1 at 100 nm)” °,

Microemulsions are attractive drug delivery
systems because of their advantage in increasing
drug solubility and thermodynamical stability, in
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addition to ease of preparation ® ’. This transparent
and stable nano-sized system is spontaneously
formed when a certain amount of oil, water,
surfactant, and co-surfactant are mixed. Moreover,
it has been found that transdermal permeability
improves when microemulsions are used as topical
delivery vehicles ®. The advantages of the micro-
emulsion include its ease of preparation due to
spontaneous formation, thermodynamic stability,
transparent and elegant appearance, increased drug
load, and better penetration through biological
membranes, greater bioavailability, and less inter
and intraindividual variability in drug pharmaco-
kinetics * °. These advantages make micro-
emulsion drug delivery systems attractive %13,

MATERIALS AND METHODS:

Materials: Materials required in this study were
active  pharmaceutical ingredient Diclofenac
Sodium (Alps Pharmaceuticals limited, New
Delhi), Excipients/Chemicals are Carbopol 934,
Tween 20, Span 80, Liquid paraffin, Propylene
glycol, Methyl parabens, Mentha oil (Procured
from CDH, India), Xanthan gum, HPMC K15M
(Procured from Sigma Aldrich, India) all other
chemicals are used were of analytical grade and the
various types of equipment used in this study were
Digital weighing balance (Citizen CY-220), UV-
Visible  Spectrophotometer  (Shimadzu-1800,
Kyoto, Japan), FT-IR  Spectrophotometer
(Shimadzu-8400S), USP dissolution apparatus type
I (Electrolab-08L, Goregaon, Mumbai),
Brookfield rheometer (DV-111 ULTRA) and Deluxe
pH meter (151-R, Labindia Instruments, India).

Methods:

Identification of Diclofenac Sodium: 50 mg of
the drug diclofenac sodium was dissolved in
enough methanols to produce 100 ml. To 1 ml of
the above solution, 0.5 ml of 0.1M hydrochloric
acid was added and diluted to 100 ml with
methanol. The resulting solution was protected
from bright light and the maximum absorbance of
approximately 254 nm was measured; Absorbance
at 254nm was found to be approximately 0.44 in
correspondence with the Indian Pharmacopoeia ™.

Determination of Wavelength of Maximum
Absorbance (Amax): A stock solution (1 mg/ml) of
diclofenac sodium in 0.1 M HCI was prepared. This
solution was appropriately diluted with water to
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obtain a concentration of 10 pg/ml. The solution
was stored in a 10mm silica tank. The UV spectrum
was recorded in the range 200-400 nm on a double
beam spectrophotometer at 1nm, slit width. The
same procedure was carried out in distilled water.

Preparation of Calibration Curve for Diclofenac
Sodium: 100 mg of the drug were accurately
weighed and dissolved in 100 ml of 0.1M HCI (pH
1.2). 10 ml of the above solution was transferred to
a 100 ml volumetric flask and diluted to the mark
with 0.1 M HCI. Aliquots of 1 to 14 pg / ml were
extracted from this mother solution. It was
transferred to 10 ml volumetric flasks, and a
volume of up to 10 ml was taken with 0.1N HCI
(pH 1.2). The absorbances of these solutions were
measured at 276 nm against a 0.1 M HCI blank *.

IR Characterization of Diclofenac Sodium: The
FTIR analysis of the Diclofenac sodium was
carried out for qualitative compound identification.
The KBr pellet of approximately 1 mm diameter of
the Diclofenac sodium was prepared to grind 3-5
mg of a sample with 100-150 mg of KBr in the
pressure compression machine. The sample pellet
was mounted in the FTIR spectrophotometer and
taken scan at wavelength 4000cm™-400cm™.

Drug Excipient Interaction: When designing any
medication delivery system, it is imperative to
consider the compatibility of the medication and
the polymer used in the system. Therefore, it is
necessary to confirm that the drug does not interact
with the polymers in the experimental conditions
and shelf life. For the present study, drug-polymer
interaction studies were carried out comparing it
with the pure drug and with the physical drug-
polymer mixture through infrared analysis *°.

DSC Study of Diclofenac Sodium: Differential
scanning calorimetry (DSC) is a thermoanalytical
technique in which the difference in the amount of
heat required to increase the temperature of a
sample and the reference is measured as a function
of temperature. The sample and the reference are
kept at almost the same temperature throughout the
experiment. It was used to determine the exact
melting point of the drug and the other excipients
used in this investigation. DSC analysis was
performed at 50 to 500 °C at 5 °C / min 1819,
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Determination of Solubility of Diclofenac
Sodium: The solubility of diclofenac sodium has
been determined in various solvents, such as water,
methanol, and non-polar hydrocarbons. Solubility
is done to find the release of the drug from the
formulation, hence the absorption of the drug into
the bloodstream.

Fabrication of Emulgel of Diclofenac Sodium:
Different formulations have been formulated using
a modifying amount of gelling agent and
penetration enhancer. The method differed only in
the gel manufacturing process in various
formulations. The emulsion formulation was the
same in all formulations. Gel bases were prepared
by dispersing Carbopol 934 and Xanthan gum in
separate distilled water with constant stirring at a
reasonable speed using a mechanical stirrer. FEG1,
FEG2, and FEG3 formulations were formulated by
Carbopol 934 and FEG4, FEG5, and FEG6 by
xanthan gum as a gelling agent. In formulations
FEG7, FEGS, and FEG9, the gel was prepared by
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dispersing HPMCK15M in heated distilled water
(80 °C), and the dispersion was cooled and left
overnight. The pH of all formulations was adjusted
to 6.2-6.7 using triethanolamine. The oil phase of
the emulsion was equipped by dissolving Span 20
in light liquid paraffin, while the aqueous phase
was prepared by dissolving Tween 20 in purified
water. The methyl and propyl parabens were
dissolved in propylene glycol and mixed with the
aqueous phase.

Diclofenac sodium, being hydrophobic, dissolved
in the oil phase. Peppermint oil was also matched
in the oil phase. The oily and aqueous phases were
separately heated to 70 ° to 80 °C, and then the oily
phase was added to the aqueous phase with
continuous stirring until it cooled to room
temperature. The formulated emulsion was mixed
with the gel in a 1: 1 ratio with gentle stirring to
obtain the emulsifier % 2% 2% The composition of
different formulations has been discussed in Table
1.

TABLE 1: FORMULATION AND PROCESS DEVELOPMENT OF PREPARATION OF MICROEMULSIONS

Formulation Code FEG1 FEG2 FEG3 FEG4 FEG5 FEG6 FEG7 FEG8 FEG9
Diclofenac sodium (mg) 100 100 100 100 100 100 100 100 100
Carbopol 934 (gm) 1 2 3 e e e
Xanthan gum (gm) ——- e -- 1 2 3 —m—m e
HPMC K15M (gm) T - e 1 2 3
Tween 20 (ml) 1 2 3 1 2 3 1 2 3
Spam 80 (ml) 2 4 6 2 4 6 2 4 6
Liquid paraffin (ml) 10 20 30 10 20 30 10 20 30
Propylene glycol (ml) 4 8 12 4 8 12 4 8 12
Methylparaben (gm) 0.1 0.2 0.3 0.1 0.2 0.3 0.1 0.2 0.3
Propylparaben (gm) 0.1 0.2 0.3 0.1 0.2 0.3 0.1 0.2 0.3
Mentha oil (ml) 4 8 12 4 8 12 4 8 12

Characterization Emulgel of Diclofenac Sodium
Drug Content:

Determination of Drug Contains: Weigh
accurately 1 g of emulgel and dissolve in 100 ml of
phosphate buffer 7.4. The volumetric flask was
held for 2 hr and stirred well on a shaker to mix
well. The solution was passed through the filter
paper and filtered. 1 ml of the solution was
introduced into 10 ml of volumetric flask and the
final volume was made with 7.4 phosphate buffer.

Absorbance was measured spectrophotometrically
at 378 nm after appropriate dilution against 7.4
corresponding phosphate buffers as a blank % %.

Physical Examination: The prepared emulgel
formulations were visually inspected for color,

consistency, consistency, granulation, and phase
separation % %2’

Measurement of pH: The pH of the emulgel
formulations was determined using a digital pH
meter. 1 g of the gel was dissolved in 100 ml of
distilled water and placed for 2 h. The pH of each
formulation was measured in triplicate, and the
average values were calculated 2%,

Determination of Viscosity: The viscosity of the
formulated batches was determined using
Ostwald’s viscometer with a 07 screw. The
formulation, the viscosity of which was to be
determined, was added to the beaker and allowed to
stand for 30 min at the test temperature before
taking the measurement. The spindle was lowered
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perpendicular to the center of the emulgel, taking
care that the spindle did not touch the bottom of the
bottle and that it rotated at a speed of 12 rpm for 10
min. The viscosity reading was observed .

In-vitro Drug Release Study: In-vitro drug release
of diclofenac sodium from prepared formulations
was studied through a cellophane membrane using
a Franz diffusion cell. The cellophane membrane
was pretreated with sodium hydroxide and soaked
overnight in 0.IN HCI phosphate HCI at cooling
temperature. The treated cellophane membrane is a
sandwich between the donor and recipient
compartments of the Franz diffusion cell. A
formulation evaluation of 1 mg of diclofenac
sodium was added to the cellophane membrane. A
magnetic bar was continuously stirred in a
diffusion medium to avoid the effect of the
diffusion layer. The sample taken was analyzed by
UV spectrophotometer **.

Release Kinetics of Diclofenac Sodium Emulgel
Formulations: To examine the kinetics and
mechanism of drug release, the cumulative release
data were fitted to models representing zero-order
(cumulative% drug release v/s Time), first-order (%
cumulative record of drug retained v/s Time),
Higuchi model (cumulative % of drug retained v/s
Square root of time) and Peppas model (log%
cumulative drug release v/s log time) 3.

Analgesic Activity: Analgesic activity was carried
out by healthy albino Wistar rats divided into five
experimental groups such as Group | control group,
Group I, Group IlI, and Group IV are selected
FEG, and Group V is a standard group treated by
the marketed formulation of diclofenac sodium.
The analgesic effect was performed by the Hind
paw method (Acute inflammatory model). After 30
minutes of the topically apply of the drug, 0.1 ml of
1% Carrageenan will be administrated to the rats
into the plantar surface of the right-hand limb to
induce paw edema. The value will be measured
immediately and after 3 h using a plethysmometer.
The change in the paw value was compared with
the control group. The percentage of edema
compeer to the control by the test drug was
calculated using formula.

Ve -Vt

c

U4 Oedema inhibition = ® 100
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Where: Vc- means increase paw value in rats
treated with a control group and Vt- means increase
paw value in rats treated with test and a standard
group of animals **.

RESULTS AND DISCUSSION:

Identification of Diclofenac Sodium:
Determination of Wavelength of Maximum
Absorbance (Amax): The UV spectrum was
recorded in the range of 276 nm on a double beam
spectrophotometer at 1nm, slit width.

Preparation of Calibration Curve for Diclofenac
sodium: Statistical parameter related to the
standard curve of Diclofenac sodium was found to
be regression coefficient 0.997, intercept on Y-axis
0.028, and the equation of line Y=0.068x-0.028
result shown in Fig. 1.

04

TABLE 2: CALIBRATION CURVE DATA OF
DICLOFENAC SODIUM
S.no.  Concentration (ug/ml) Absorbance
0.1M HCI
0 0 0
1 2 0.021
2 4 0.048
3 6 0.078
4 8 0.105
5 10 0.130
1.2 7
1 4 y=0.068x+0028
R?=0.897
8 08 1
_ﬁ 06 -
= —4—time
3

—— Linear (time)
02 4

0

a 5 10 15
Conc.(pg/ml)

FIG. 1: CALIBRATION CURVE OF DICLOFENAC
SODIUM AT 232 nm

IR Characterization Diclofenac sodium:

IR Characterization Standard Diclofenac
Sodium: The IF spectrum of pure diclofenac
sodium Fig. 2 shows a characteristic peak at
3317.34 cm™ due to the N-H stretching frequency
of the secondary amine. The absorption bands at
1305.72 and 1153.35 cm™ resulted from the C-N
stretch and the peaks at 1552.59 and 1574 cm™ due
to the C=C stretch and the C=0O stretch of the
carboxylic group, respectively. The characteristic
C-Cl stretch peak was observed at 7710.47 cm™.
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FIG. 2: IR CHARACTERIZATION STANDARD DICLOFENAC SODIUM

IR Characterization of Xanthan gum + Span 80
+ Tween 20: The infrared spectra of the Fourier
transform of diclofenac sodium showed the main
absorption peaks at 3317.34 cm™ due to stretch N-
H of secondary amines, 1552.01 cm™ due to
stretching - C = O carboxyl ions, and 771.47 cm™
due to the stretch of C-Cl in the spectrum. The pure

xanthan gum showed a characteristic alcoholic
peak at 2925.51 cm™, a stretch C = O at 1735.81
cm™, a stretch C = CH2 at 1736.81 cm™, a stretch
C-O-C. The XGD4 formulation showed
characteristic drug peaks at 3387.28 cm™, 1552.01
cm™, and 856.26 cm™ with minor changes shown
in Fig. 3.

Ciltrogram FilexShimado IR solution'Prini T i Pl

—

FIG. 3: IR CHARACTERIZATION OF XANTHAN GUM + SPAN 80 + TWEEN20

IR Characterization of HPMCK15M + Span 80
+ Tween 20: Span 80 has shown characteristic
peaks at 1491.86 cm™ (aromatic ring), 2923.86 cm’
! (-OH group), 1463.49 cm™ (—CHs), 1355.86 cm™
(—CHgz symmetrical deformable) and small peaks in

International Journal of Pharmaceutical Sciences and Research

the range of 1091.63 cm™ (aliphatic) Tween 20 also
depicted characteristic bands at 3452.14 cm™ (-
OH, strong), 2852.52 cm™ (~OH str very broad),
1677.66 cm™ (5-membered ring) result show in
Fig. 4.
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FIG. 4: IR CHARACTERIZATION OF HPMCK15M+SPANS80+TWEEN20

IR Characterization of Xanthan gum + Span 80
+ Tween 20 + Diclofenac Sodium: Drug-polymer
compatibility in the optimized microsponges was
evaluated by FTIR and analysis. The main IR peaks
of pure diclofenac sodium appeared at wavelengths
of 12849.89 cm™ and 1382.67 cm™ and were the

result of the C-N stretch. The peaks at 1575.90 cm™
resulted from the C = C stretch, and 1685.67 cm™
resulted from the C = C and C = O stretch of the
carboxylate functional group result shown in Fig.
5.
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FIG. 5: IR CHARACTERIZATION OF XANTHAN GUM + SPAN 80 + TWEEN 20 + DICLOFENAC SODIUM

IR Characterization of HPMCK15M + Span 80
+ Tween 20 + Diclofenac Sodium: The main IR
peaks appeared at wavenumbers of 12,248.88 cm™
and 1,352.66 cm™ and were the result of a C-N

International Journal of Pharmaceutical Sciences and Research

stretch. The peaks at 1565.90 cm™ resulted from
the C = C stretch, and 1675.65 cm™ resulted from
the C = C and C = O stretch of the carboxylate
functional group result shown in Fig. 6.
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FIG. 6:

DSC Characterization: Differential scanning
calorimetry (DSC) was used to determine the exact
melting point of diclofenac sodium used in this
investigation. DSC analysis was performed at 40-
350 °C at 5 °C/min, using 5 mg samples in pressed
aluminum pans. Indium samples were used to
calibrate the DSC instruments.

DSC Study of Diclofenac Sodium: The DSC

IR CHARACTERIZATION OF HPMC15M + SPAN80 + TWEEN 20 + DICLOFENAC SODIUM

endothermic peak at 289.88 °C, corresponding to
its melting transition point in Fig. 7.

DSC Characterization of Xanthan Gum +
Tween 20 + Span 80: The DSC thermogram of
Xanthan + Tween 20 + Span 80 gum has an
endothermic peak at 46.68 °C, which corresponds
to its melting point and H delta transition at 34.954
j/ginFig. 8.

thermogram of diclofenac sodium has an
= T amesemraner. ST T T TR
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FIG. 7: DSC STUDY OF DICLOFENAC SODIUM
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FIG. 8: DSC CHARACTERIZATION OF XANTHAN GUM+TWEEN20+SPANS0
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IR Characterization of HPMCK15M + Span 80
+ Tween 20: The HPMCK15M + Tween20 + Span
80 DSC thermogram exhibits an endothermic peak

E-ISSN: 0975-8232; P-ISSN: 2320-5148

at 47.610C, 132.25 °C at 63.469 mj and 304.0030C
corresponding to its melting point and delta H
transition at 34.954 j / g in Fig. 9.
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FIG. 9: IR CHARACTERIZATION OF HPMCK15M+SPAN80+TWEEN20

DSC Characterization of Xanthan Gum +
Tween 20 + Span 80 + Diclofenac Sodium: The
DSC thermogram of Xanthan gum + Tween20 +

Span80 Diclofenac sodium exhibits an endothermic
peak at 46.64 °C, corresponding to its melting
transition point and delta H at 22.513 j/g in Fig. 10.
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FIG. 10: DSC CHARACTERIZATION OF XANTHAN GUM + TWEEN 20 + SPAN 80 + DICLOFENAC SODIUM

DSC Characterization of HPMCK15M + Tween
20 + Span80 + Diclofenac Sodium: The DSC
thermogram of diclofenac sodium HPMCK15M +

Tween20 + Speen80 has an endothermic peak at
47.43 °C, which corresponds to its melting point
and H transition at 85,920 j/g in Fig. 11.
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FIG. 11: DSC CHARACTERIZATION OF HPMC 15M + TWEEN 20 + SPAN 80 + DICLOFENAC SODIUM
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Characterization Emulgel of Diclofenac Sodium
Drug Content:

Physical Examination: The fabricated Diclofenac
sodium emulgel illustrates yellowish-white watery
transparent gel having non-Newtonian pseudo-
plastic in nature with thixotropic character and was
found to be an effective carrier system for the
delivery of Diclofenac sodium topically.

Determination of Viscosity: The viscosity of the
formulated batch FEG1-FEG9 ranged from 4155 —
15468 CPs, respectively result in the shoe in Fig. 12.

Wiscosity CPs

e R I R, - R

FRG1  FEGZ  FEG3 FEG4  FEGS FEGE  FEGT FEGE  FEGY

Formulations

FIG. 12: VISCOSITY OF THE FORMULATION

Determination of pH values: The pH of the
microemulsion formulations was in the range of 4.8
+ 0.4 to 5.8 £ 0.5, which is within the normal skin
pH range and would not cause skin irritation. There

E-ISSN: 0975-8232; P-ISSN: 2320-5148

were no significant changes in pH values over time
for all formulations, as shown in Fig. 13.

=

pH of farmulatian

L R . |

FR&1 FEG2 FEG3  FEG4 FEGS FEGE FEGT FEGE FEGS

Farmulations

FIG. 13: THE pH OF THE FORMULATIONS
RECORDED BY A DIGITAL pH METER

IS

In-vitro Drug Release Study: The release of
diclofenac sodium from the microemulsion was
different depending on the viscosity of various
polymers. The drug release profile of your micro-
emulsified gel formulation can result in the
descending order: FEG8> FEG7> FEG2> FEG9>
FEG6> FEG3> FEG5> FEG4> FEG1, where the
amount of drug released after 7 h were 83.18%,
83.18%, 82.43%, 80.63%, 79.31%, 77.26%,
77.11%, 75.31%, 73.59% respectively. The gradual
increase in the amount of drug gradually decreases
the viscosity of the emulsifying result indicated in
Table 3.

TABLE 3: % DRUGS RELEASE DICLOFENAC SODIUM EMULGEL DIFFERENT TIME INTERVAL

Formulation Time (hr)

Code 0 1 2 3 4 5 6 7

FEG1 0 9.37 15.37 29.26 38.21 47.41 61.31 73.59
FEG2 0 10.11 15.35 25.67 34.11 47.13 72.21 82.43
FEG3 0 8.18 13.72 24.32 32.31 44.16 68.31 77.26
FEG4 0 7.92 11.32 22.38 31.78 41.12 66.57 75.31
FEG5 0 11 15.38 28.84 36.26 48.51 69.21 77.11
FEG6 0 13.39 16.26 27.75 38.14 46.27 68.25 79.31
FEG7 0 10.12 15.67 26.24 35.37 4751 72.12 83.18
FEGS 0 15.18 15.67 26.24 35.37 4751 72.12 83.18
FEG9 0 11.31 14.21 2351 34.28 43.16 69.43 80.67

Release  Kinetics of Diclofenac Sodium order, the first order, the Higuchi model, and the

Microemulsion Formulation: To examine the
drug release kinetics models representing the zero-

Peppas model were recorded in Table 4.

TABLE 4: RELEASE KINETICS OF DICLOFENAC SODIUM MICROEMULSION FORMULATION

Formulation Drug Release Kinetics
Code Zero Order First Order Higuchi Korsmeyer Peppas (n value) N Value
FEG1 0.952 0.958 0.973 0.979 0.636
FEG2 0.958 0.978 0.992 0.982 0.677
FEG3 0.936 0.949 0.991 0.984 0.553
FEG4 0.941 0.989 0.943 0.928 0.583
FEG5 0.915 0.985 0.979 0.989 0.699
FEG6 0.916 0.982 0.956 0.986 0.740
International Journal of Pharmaceutical Sciences and Research 4426
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FEG7 0.961 0.954 0.983 0.989 0.642

FEGS 0.967 0.964 0.896 0.978 0.570

FEG9 0.962 0.961 0.931 0.986 0.644
Analgesic Activity: The anti-inflammatory action The average paw volume in the rat after

of the manufactured formulation FEG1, FEG7, and
FEG9 was calculated and compared with a
commercialized preparation (standard formulation).

carrageenan induction is indicated in Table 5. This
figure showed that the formulations were as
effective as the commercialized formulation.

TABLE 5: THE PAW VOLUME IN RATS ON INITIAL AND 1 HR AFTER CARRAGEENAN ADMINISTRATION

Group of animals Initial reading Reading 1 hr after Carrageenan  The difference in paw volume
Group I: Control group 1.56+0.04 2.54+0.06 0.98+0.02
Group 1I: FEG 1 2.10+0.03 2.70+0.06 0.60+0.03
Group II: FEG 7 1.88 £0.04 2.10+0.05 0.22+0.01
Group IV: FEG 9 1.70 £0.05 2.32+0.05 0.62+0.05
Group V: Standard formulation 2.06 £0.04 2.48+0.03 0.42+0.01
CONCLUSION: In the current work, an attempt 2. Raj S, Jose S, Sumod US and Sabitha M: Nanotechnology
P in cosmetics: Opportunities and challenges. J Pharm
fab_rlcatlo_n of_ E_mulgel _b_ased subcutaneous _drug Bioallied Sci 2012: 4: 186-93,
delivery in a lipid-containing dosage form as in an 3. Nan, Li Wand Jin Z: Role of Alcohol as a Cosurfactant
oil-in-water microemulsion. Gel bases were at the Brine-Oil Interface under a typical reservoir
: : condition. Langmuir 2020, 36: 5198-5207.
prepared by separa_tely_d!sper3|ng CarboPOI 93_4 4. Tartaro G, Mateos H and Schirone D, Angelico R and
and Xanthan gum in distilled water, and the oil Palazzo G: Microemulsion Microstructure(s): A Tutorial
phase of the emulsion was equipped by dissolving : ’F\ile\l{'ewé ’\Enomategihﬁpi% 121 165|7-t o and Evaluat
T P . . . .~ Nalini S, Kurup and Joshi PR: Formulation and Evaluation
Span 20 In “ght “qu_ld paraffln while pre_pa””g Fhe of herbal microemulsion for controlling hear loss.
aqueous phase by dissolving Tween 20 in purified International Journal of Research in Pharmaceutical
water. The methyl and propyl parabens were 6 SDCI?G]C?j?O]é?\;/I 415‘:]?0-556- i 1. Lee HY. Shin WG and
. . . . . Dai J, Kim SM, Shin IS, Kim JD, Lee HY, Shin an
dissolved in pmpylene_ egCOI and mI_XEd with j[he Kim JC: Preparation and stability of fucoxanthin-loaded
aqueous phase. Diclofenac sodium, being microemulsions. J Ind Eng Chem 2014; 20: 2103-10.
hydrophobic, dissolved in the oil phase. 7. Sahooa S, Pania NR and Sahoob SK: Microemulsion
based topical hydrogel of sertaconazole: formulation,
. characterization and evaluation. Colloids Surf B 2014;
The formulation of emul_gel Was_prepared success- 120: 103-9.
fully and evaluated physicochemical characteristics, 8. Simonazzi A, Cid AG, Villegas M, Romero Al, Palma SD,
cumulative drug release, the kinetics of drug and Bermudez JM: Chapter 3 - Nanotechnology
release and analgesic activity of emulael was applications in drug controlled release. Drug Targeting and
;i 9 y. 9 Stimuli  Sensitive Drug Delivery Systems, William
higher as marketed formulation. The overall Andrew Publishing 2018: 81-116.
findings of the study suggest that the developed 9. Shah B, Khunt D, Misra M and Padh H: Formulation and
: : : in-vivo pharmacokinetic consideration of intranasal
emUIgeI forr_nUIatlon of diclofenac sodium can be microemulsion and mucoadhesive microemulsion of
used potential approach for the management of rivastigmine for brain targeting. Pharm Res 2018; 35: 8.
analgesic effect. 10. Won HJ, Kim HI, Park T, Kim H, Jo K, Jeon H, Ha SJ,
Hyun JM, Jeong A, Kim JS, Park YJ, Eo YH and Lee J:
ACKNOWLEDGEMENT: | would like to Non-clinical pharmacokinetic behavior of ginsenosides. J
. ) Ginseng Res. 2019; 43: 354-60.
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. 12. Pan W, Xue B, Yang C, Miao L, Zhou L, Chen Q, Cai Q,
CONFLICTS OF INTEREST: None Liu Y, Liu D, He H, Zhang Y, Yin T and Tang X:
Biopharmaceutical ~ characters and  bioavailability
FOUNDING OF SOURCE: None improving strategies of ginsenosides. Fitoterapia 2018;
129: 272-82.
13. Kim D, Park M, Haleem I, Lee Y, Koo J, Na YC, Song G

REFERENCES:

1. Kale SN and Deore SL: Emulsion, Micro-emulsion and
Nano Emulsion. Systematic Reviews in Pharmacy, 2017
8: 39-47.

International Journal of Pharmaceutical Sciences and Research

and Lee J: Natural Product Ginsenoside 20(S)-25-
Methoxyl-Dammarane-33, 12B, 20-Triol in Cancer
Treatment: A Review of the Pharmacological Mechanisms
and Pharmacokinetics. Front Pharmacol 2020; 11: 521.

4427



Khan et al., IJPSR, 2021; Vol. 12(8): 4418-4428.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

IPC: Indian Pharmacopoeia 2018. Indian Pharmacopoeia
commission Delhi, Volume 1 2018.

Sultana T, Sohel MD, Kawsar MH and Banoo R: In-vitro
dissolution study and assay of diclofenac sodium from
marketed solid dosage form in Bangladesh. J Bioanal
Biomed 2017; 9: 118-22.

Ramasamy T, Ruttala HB, Gupta B, Poudel BK, Choi HG,
Yong CS and Kim JO: Smart chemistry-based nanosized
drug delivery systems for systemic applications: A
comprehensive review. J Control Release 2017; 258: 226-
53.

Nakamura S and Kidokoro SlI: Protocols of IATC, DSC,
and PPC: The Multistate Structural Transition of
Cytochrome c¢. Methods Mol Biol 2019; 1964: 17-32.
Chen Y, Zou C, Mastalerz M, Hu S, Gasaway C and Tao
X: Applications of Micro-Fourier Transform Infrared
Spectroscopy (FTIR) in the Geological Sciences—A
Review. Int J Mol Sci 2015; 16: 30223-250.

Faroongsarng D: Theoretical aspects of differential
scanning calorimetry as a tool for the studies of
equilibrium thermodynamics in pharmaceutical solid phase
transitions. AAPS Pharm SciTech 2016; 17: 572-7.
Suksaeree J, Siripornpinyo P and Chaiprasit S:
Formulation, characterization, and in-vitro evaluation of
transdermal patches for inhibiting crystallization of
mefenamic acid. J Drug Deliv 2017; 7358042.

Hadgraft J and Lane ME: Drug crystallization -
implications for topical and transdermal delivery. Expert
Opin Drug Deliv 2016; 13: 817-30.

Akram MR, Ahmad M, Abrar A, Sarfraz RM and
Mahmood A: Formulation design and development of
matrix diffusion controlled transdermal drug delivery of
glimepiride. Drug Des Devel Ther 2018; 12: 349-64.
Akram MR, Ahmad M, Abrar A, Sarfraz RM and
Mahmood A: Formulation design and development of
matrix diffusion controlled transdermal drug delivery of
glimepiride. Drug Des Devel Ther 2018; 12: 349-64.
Swetha M, Mohan B, Rao RN, Kumar JNS, Satyavathi D
and Sushma P: Formulation and evaluation of flubiprofen

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

emulgel by using different concentration CARBOPOL
974. Saudi J Med Pharm Sci 2018; 4: 215-25.

Meghna KS, Salini C, Sadiya P, Sreethu KS amd Thushara
C: Formulation and evaluation of celecoxib emulgel for
topical delivery. American Journal of Biological and
Pharmaceutical Research 2017; 4: 54-59.

Cumming H and Rucker C: Octanol-water partition
coefficients measurement by a simple 1H NMR method.
ACS Omega 2017; 2: 6244-49.

Hassan N, Singh M, Sulaiman S, Jain P, Sharma K, Nandy
S, Dudeja M, Ali A and Igbal Z: Molecular Docking-
Guided Ungual Drug-Delivery Design for Amelioration of
Onychomycosis. ACS Omega 2019; 4; 9583-92.

Sharma P and Tailang M: Design, optimization, and
evaluation of hydrogel of primaquine loaded nanoemulsion
for malaria therapy. Futur J Pharm Sci 2020; 6: 26.

Khan N, Shanty N, Kumar A, Kumar R and Bala VC:
Formulation and evaluation of oro dispersible tablets based
on ondansetron hydroxy propyl-peyclodextrin complexes.
World Journal of Pharmaceutical Research 2020; 9: 1005-
24,

Shukla T, Upmanyu N, Agrawal M, Saraf S, Saraf S and
Alexander A: Biomedical applications of microemulsion
through dermal and transdermal route. Biomed
Pharmacother 2018; 108: 1477-94.

Nasir F, Igbal Z and Khan JA: Development and
evaluation of diclofenac sodium thermorevesible subcuta-
neous drug delivery system. Int J Phar 2012; 439: 120-26.
Khan N, Singh H, Bala VVC and Saharan VA: Development
and Evaluation of IER based Formulation of Ondansetron
HCI. International Journal of Pharmaceutical Research
2020; 12: 678-86.

Madhav S and Gupta D, A review on microemulsion based
system, International Journal of Pharmaceutical Science
and Research 2011; 2: 1888-99.

Liao AH, Chuang HC, Chang BY, Kuo WC, Wang CH,
Gao HW and Chiang CP: Combining microbubble contrast
agent with pulsed-laser irradiation for transdermal drug
delivery. Pharmaceutics 2018; 10: 175.

How to cite this article:

Khan N, Bala VC, Singh H and Jayant R: Formulation and evaluation of diclofenac sodium microemulsion subcutaneous drug delivery
system. Int J Pharm Sci & Res 2021; 12(8): 4418-28. doi: 10.13040/1JPSR.0975-8232.12(8).4418-28.

All © 2013 are reserved by the International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

4428



