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Padiyar et al.: In Vitro Evaluation of Diclofenac Sodium Injection for Pain Management

The current study aims to design, formulate, optimize and evaluate diclofenac sodium injection

using a novel concept of solubilisation. The present formulation utilizes a mixed solvency concept
for the development of an injectable dosage form of the sparingly water-soluble drug diclofenac
sodium using solids as solubilizing compounds. Diclofenac sodium injection 75 mg/ml was formulated

without using propylene glycol or any other liquid solubilize, hence can be injected through the

intradeltoid route without any pain at the site of action. The developed formulation was evaluated

for various parameters such as freeze-thaw study, viscosity, osmolality and physical, chemical

and pH stability of formulations were studies. The outcomes of the study deciphered a successful

formulation of diclofenac sodium injection using the mixed solvency concept.
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Diclofenac is a Non-Steroidal Anti-Inflammatory
Drug (NSAID) known chemically as ((2,6-dichloro-
anilino)-2-phenyl)-2-acetic acid!". The drug was
developed in the 1960s by scientists at Ciba-
Geigy and is sold around the world by Novartis
under various trade names, including Cataflam®
and Voltaren® in the United States of Americal®?!.
Owing to its excellent analgesic properties,
diclofenac is widely used for treating various types
of pain, including both chronic and acute painful
episodes. The drug is administered for the treatment
of musculoskeletal and joint disorders such as
rheumatoid arthritis, osteoarthritis and ankylosing
spondylitis; periarticular disorders such as bursitis
and tendonitis; soft tissue disorders such as sprains
and strains and other painful conditions such as
renal colic, acute gout, dysmenorrhea and following
some surgical procedures. Migraine attacks manifest
a diverse array of symptoms that must be resolved
for a treatment to be deemed truly effective against
migraine (instead of just treating the symptoms)™*. In
particular, the treatment must be effective against the
pain, photophobia, phonophobia and nausea that are
caused by migraine and it must be effective within
the first 2 h of treatment, to be considered a true
treatment for migraine. None of the studies reported
to date suggests that a 50 mg diclofenac product could
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treat all of these symptoms within 2 h of treatment!®!.
MATERIALS AND METHODS

Diclofenac sodium was procured as a gift sample
from Wilcure Remedies, Indore (Madhya Pradesh).
Caffeine was procured as a gift sample from Akums
Drugs and Pharmaceuticals Ltd., Haridwar. All other
excipients and reagents used were procured from
an industrial pharmacy research laboratory, Shri
Govindram Seksaria Institute of Technology and
Sciences!®®l,

Drug characterization:

Melting point determination: The melting point of
diclofenac sodium was determined using the open
capillary method. The diclofenac sodium sample was
packed into a capillary and the filled capillary was
placed in Thiel’s tube filled with liquid paraffin oil.
The temperature at which diclofenac sodium melts
was recorded?. The average of three values was
considered as the melting point of the drug. Results
are shown in Table 1'%,
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Ultra Violet (UV) spectroscopic analysis of
dicofenac sodium in Demineralised (DM) water:
About 100 mg of diclofenac sodium was accurately
weighed and transferred into 100 ml volumetric
flasks. The drug was dissolved in an adequate
amount of demineralized water and the volume was
made up to 100 ml to obtain a stock solution of 1000
pg/ml. Dilution of 20 pg/ml concentration was made
from the above stock solutions with DM water and
the resulting drug solution was scanned on a double-
beam UV/visible spectrophotometer (Shimadzu®
1700) between wavelengths of 200 to 400 nm!'31. The
UV spectra so recorded is shown in fig. 1.

Infrared spectral analysis of diclofenac sodium
drug sample: About 5 mg of the diclofenac
sodium was triturated with approximately 100
mg of dry, finely powdered potassium bromide
(Fourier-Transform Infrared Spectroscopy (FT-
IR) grade) and the resulted mixture was kept in a
sample holder which was then placed in Diffused
Reflectance  Spectroscopy  attachment (DRS
8000-assembly) and the spectrum was recorded on
FT-IR spectrophotometer (Shimadzu® IR Affinity™)
between 500-4000 cm™'. IR spectra are shown in fig.
2 and the interpretation of FT-IR spectrum peaks of
diclofenac sodium is shown in Table 2!,

Differential Scanning Calorimetry (DSC) study
of piroxicam drug sample: Pyris 6 DSC (Jade

TABLE 1: MELTING POINT DETERMINATION

DSC) with thermal analyzer was used for the DSC
investigation. About 3 mg of sample is accurately
weighed and kept in a sealed aluminium pan before
being heated at a scanning rate of 10°/min from 25°-
350° under nitrogen flow (20 ml/min). As a reference,
an empty aluminium pan was used!'”l. The data was
analyzed and compared to the literature. The DSC
spectrum of the piroxicam drug sample is shown in
fig. 3.

Preformulation studies:

Calibration curve of diclofenac sodium in DM
water using nitric acid: Accurately weighed 100 mg
drug was transferred into a 100 ml volumetric flask.
It was dissolved in an adequate amount of DM water
and the volume was made up to 100 ml to obtain
1000 pg/ml. 10 ml of stock solution was pipetted
out in a 100 ml volumetric flask and volume was
made with DM water up to mark to obtain 100 pg/
ml solution. From 100 pg/ml solution, appropriate
amount was taken out in a 10 ml volumetric flask
to obtain a solution in a range of 5-25 pg/ml. In
this 2 ml of nitric acid was added and volume was
made up to mark with DM water. The absorbance
of resulting solutions was noted at 380 nm against
blank!'®. Absorbance data is shown in Table 3 and
the calibration curve is shown in fig. 4.
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3 284°
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Fig. 1: UV spectrum of diclofenac sodium in DM water
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Fig. 2: IR spectrum of diclofenac sodium

TABLE 2: INTERPRETATION OF INFRARED SPECTRUM BANDS OF DICLOFENAC SODIUM DRUG
SAMPLE

S. no Wave no Interpretation
1 3385.07 N-H stretching
2 1502.55 N-H stretching
3 3074.53 C-H stretching
4 1450.47 C=C stretching
5 1666.5 C=0 stretching
6 1305.81 O-H bending

7 744.52 C-Cl stretching

a1 1 S
3 [

Fig. 3: DSC spectrum of diclofenac sodium

March-April 2024 Indian Journal of Pharmaceutical Sciences 627



www.ijpsonline.com

TABLE 3: ABSORBANCE DATA FOR CALIBRATION CURVE IN DM WATER AT 380 nm USING NITRIC

ACID
; Absorbance
S. no Concentration (pg/ Average
ml) Set 1 Set 2 Set 3
1 0 0 0 0 0
2 5 0.181 0.182 0.18 0.181
3 10 0.352 0.351 0.352 0.351
4 15 0.522 0.521 0.524 0.522
5 20 0.715 0.715 0.71 0.713
6 25 0.883 0.882 0.885 0.883
0.9
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Fig. 4: Calibration curve of diclofenac sodium in DM water at 274 nm

Equilibrium solubility studies in different solvent
systems: Equilibrium solubility studies in different
solvent systems were achieved by adding an excess
amount of drug in 10 ml of respective mediums, it was
then screw capped and kept on a mechanical shaker
for 24 h. It was centrifuged in centrifuge tubes at
2000 rpm for about 5 min and filtered using Whatman
grade 41 filters then diluted with suitable respective
medium®"¥. The absorbance was measured at 274
nm on a double beam UV/visible spectrophotometer
(Shimadzu-1700) against a reagent blank and noted
in Table 4.

Approximate solubility of diclofenac sodium
in different blends: Different concentrations
of solubilizes in small quantities were used to
prepare a 10 ml blend of various compositions and
concentrations and labelled as blend A to blend T.

628 Indian Journal of Pharmaceutical Sciences

Accurately measured 1 ml of blend-A solution was
taken in a volumetric flask. 5 mg of drug diclofenac
sodium was added and shaken vigorously for about
15-20 min on vortex. When a clear solution was
formed then again the process was continued until
turbidity appears!'*?4. The approximate solubility
was noted in Table 5.

Thin layer chromatographic study: In order to
examine the possibility of interaction between drugs
and solubilizers, TLC studies were performed. A
plate of silica gel GF254 was activated at 110° for 1 h
and then used. The methanolic solution of diclofenac
sodium alone, the aqueous solution of hydrotropic
solution as well as solubilized product of diclofenac
sodium in blend solution were spotted on the baseline
with the aid of a micro dropper. Then, the plate was
left in air for 10 min to dry and transferred to a
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solvent jar saturated with a solvent system composed
of a mixture of chloroform, acetone and formic acid
solution (90:5:5). The solvent system was allowed
to run for about 4 cm. Finally, the plate was allowed
to air dry for 5 min and observed under UV light for
visualization of spots®!¥. The respective Retardation
factor (R)) values were determined and recorded in
Table 6.

Optimization of solubilize concentration for
the development of aqueous injection: Based
on solubility a study of the drug in various blends
of solubilizes, proposed novel solubilizes for
diclofenac sodium and their concentrations to be
used to formulate a solution which is stable in freeze
thaw study is determined on basis of trial and error.
Two blends were considered as they provide great
solubility to diclofenac sodium for the formulation
of injectable solution. As a result, these mixtures
were chosen for further research!'>!%. These studies
were conducted based on visual appearance, which
included precipitation, crystal development and
clarity. Prepared blends with acceptable medication
concentrations were visually observed in these
experiments!!'”. For clarity and precipitation, these

solutions were observed. Blend-G and blend-M were
used for the preparation of an aqueous topical solution
of the drug as they showed maximum solubility!!®.

Preparation of
selected blends:

About 7.5 % injectable solution of diclofenac sodium
using mixed solvency concept was prepared in a
clean room. For this initially, all the solubilizes, were
taken and weighed accurately according to quantities
decided in a 100 ml clean and calibrated volumetric
flask and a sufficient amount of water was added
to dissolve them. When the drug dissolves totally,
volume was made up with the remaining water. This
gave 100 ml of blend having desired concentrations
of solubilizes. Now, accurately weighed 7.5 g of
diclofenac sodium drug was weighed and transferred
to a 100 ml volumetric flask. After this about 60 ml
of the blend was added to dissolve the drug, when
a clear solution was obtained, volume was made
up using the remaining blend solution. Hence, the
injection using selected blends was prepared and
stored in glass vials!', The quantities required for
formulation composition are shown in Table 7 and
Table 8.

injection formulation using

TABLE 4: EQUILIBRIUM SOLUBILITY OF DICLOFENAC SODIUM IN DIFFERENT SOLVENT SYSTEMS

S. no Solvent system Equilibrium solubility (mg/ml)
1 DM water 11.224
2 Hydrochloric acid buffer pH 1.2 10.087
3 Hydrochloric acid buffer pH 2.0 10.194
4 Acid phthalate buffer pH 3.0 10.354
5 Acid phthalate buffer pH 4.0 10.567
6 Neutralized phthalate 'buffer pH 5.0 11.145
0.340 practically insoluble
7 Phosphate buffer pH 6.0 11.984
Phosphate buffer pH 7.0 11.906
Phosphate buffer pH 8.0 12.128
10 Alkaline b;)l:;i“t;it)ft—:-urb[l)gl 9.01.632 12.346
11 Alkaline borate buffer pH 10.0 12.317

TABLE 5: APPROXIMATE SOLUBILITY OF DICLOFENAC SODIUM IN DIFFERENT BLENDS

S. no Blend-code Composition of blends Approximate solubility
1 Blend A  PVP K-30 (5 %); lignocaine HCL (5 %); niacinamide (5 %); sodium benzoate (5 %) Precipitation observed
2 Blend B PVP K-30 (5 %); niacinamide (5 %); sodium benzoate (5 %) 37 mg/ml
3 Blend C  PVP K-30 (5 %); sodium citrate (5 %); niacinamide (5 %); sodium benzoate (5 %) 33 mg/ml
4 Blend D PVP K-30 (5 %); niacinamide (5 %); sodium benzoate (10 %) 38 mg/ml
5 Blend E PVP K-30 (5 %); sodium citate (5 %); sodium acetate (5 %) 11 mg/ml
6 Blend F PVP K-30 (5 %); caffeine (5 %); niacinamide (5 %); sodiumbenzoate (5 %) 115 mg/ml
March-April 2024 Indian Journal of Pharmaceutical Sciences 629
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7 Blend G Caffeine (5 %); niacinamide (5 %) 115 mg/ml
b engr SO CIIe (1970 sl et 01 L g b 30 g
9 Blend | Sodium citrate (5%); sodi:JSr;)l;)enr}zgiant;Tg?j{g;(Ii:;\;)g;inine (10%); benzoic acid 30 mg/ml
10 Blend J Sodium citrate (SL%;;gsiﬁ?r::nagagz)r;ylba;ﬁzgc%:ch(-SB gclodextrin (5%); 47 mg/ml
11 Blend K Sodium citrate (5 %); sodium caprylate (5 %); HP-B cyclodextrin (5 %); 47 mg/ml

L-arginine (10 %); benzoic acid (5 %)

L-arginine (10 %); poloxamer 407 (5 %); sodium caprylate (5 %); sodium
12 Blend L benzoate (5 %); sodium citrate (5 %); benzoic acid (5 %); L-arginine (10 %); 45 mg/ml
poloxamer 407

Sodium caprylate (5 %); L-arginine (10 %); glycine (10 %); poloxmer 407 (5 %);

13 Blend M benzoic acid (5 %) 85 mg/ml
Sodium caprylate (5 %); sodium benzoate (5 %); sodium citrate (5 %);

14 Blend N L-arginine (10 %); poloxamer 407 (5 %); lycine HCL (10 %) 60 mg/ml

15 Blend O Glycine (10 %); poloxamer 407 (5 %); sodium caprylate (5 %); sodium benzoate 56 mg/ml

(5 %); sodium citrate (5 %)
16 Blend P L-arginine (10 %); glycine (10 %) 60 mg/ml

Sodium caprylate (5 %); sodium benzoate (5%); sodium citrate (5 %);

7 Blend Q niacinamide (2.5 %)

20 mg/ml

Sodium acetate (5 %); sodium benzoate (5 %); sodium citrate (5 %);
niacinamide (2.5 %)

19 Blend S Sodium acetate (5 %); sodium citrate (5 %) 22 mg/ml

Sodium acetate (5 %); Sodium benzoate (5 %); Sodium citrate (5 %);
Niacinamide (5 %)

18 Blend R 22 mg/ml

20 Blend T 24 mg/ml

TABLE 6: R, VALUES OF DICLOFENAC SODIUM AND SOLUBILIZED PRODUCT

S. no System R

1 Drug in methanol 0.70
2 Drug in blend G 0.71
3 Drug in blend M 0.7

TABLE 7: FORMULATION COMPOSITION OF DICLOFENAC SODIUM INJECTION (GS/DS/INJ/001)

S. no Ingredients Quantity for 100 ml Uses

1 Diclofenac sodium 7.5¢ Active ingredient
2 Caffeine 10¢g Solubilizer

3 Niacinamide 10¢g Solubilizer

4 Sodium sulfite 0.1¢g Antioxidant

5 Benzyl alcohol 2 ml Preservative

8 Water for injection q.s. 100 ml Vehicle

TABLE 8: FORMULATION COMPOSITION OF DICLOFENAC SODIUM INJECTION (GS/DS/INJ/002)

S. no Ingredients Quantity for 100 ml Uses

1 Diclofenac sodium 7.5¢ Active ingredient
2 Sodium caprylate 5¢ Solubilizer

3 L-Arginine 10¢g Solubilizer

4 Glycine 10¢g Solubilizer

5 Poloxamer 407 5¢ Solubilizer

6 Benzoic acid 5¢ Solubilizer

7 Sodium sulfite 0.1¢g Antioxidant

8 Benzyl alcohol 2 ml Preservative

9 Water for injection q.s. 100 ml Vehicle
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Evaluations of prepared formulation:

Freeze-thaw study of various trial formulations:
Freeze-thaw study was selected as a primary screening
procedure for optimization of the concentration of
various solubilizes. This method was designed to
simulate storage and temperature conditions and to
induce any anticipated precipitation and check it in a
much shorter time. The vials were kept alternately at
40°+£1° and 4°+1° for 24 h each and shaken every day
for 5 min on a touch-type vortex mixer. Two vials
of formulation were taken, one of which was kept
at 40°+1° and the other at 4°+1° for 1 d, followed
by subsequent temperature cycling and shaking as
described. After 7-7 such cycles at 4°+1° and 40°£1°
(alternately), the vials were observed to check
turbidity and precipitation!?*2!l.

Evaluations of prepared formulation:

Freeze-thaw study of various trial formulations:
Freeze-thaw study was selected as a primary screening
procedure for optimization of the concentration of
various solubilizes. This method was designed to
simulate storage and temperature conditions and to
induce any anticipated precipitation and check it in a
much shorter time. The vials were kept alternately at
40°£1° and 4°+1° for 24 h each and shaken every day
for 5 min on a touch-type vortex mixer. Two vials
of formulation were taken, one of which was kept
at 40°+£1° and the other at 4°+1° for 1 d, followed
by subsequent temperature cycling and shaking as
described. After 7-7 such cycles at 4°+1° and 40°+1°
(alternately), the vials were observed to check
turbidity and precipitation?*2!,

Viscosity study of optimized trials: The viscosity
parameter is selected as a secondary screening
procedure for optimized formulation of suitable
solubilize concentration. Viscosity was determined
on Brook field viscometer DV 2+ pro using spindle
n0.00 Viscosity at maximum torque was recorded in

TABLE 9: VISCOSITY RESULT FORMULATIONS

Table 9t'8-22,

PH study of optimized trial: PH stability of
developed formulations was determined using a
digital pH meter (Cyber scan 510), previously
calibrated using standard buffer solution??*!, Results
are shown in Table 10.

Stability studies:

As soon as a product is developed, it is subjected
to ageing. Its physical properties, chemical
composition and even biological availability may
change. The prepared formulations were subjected
to standard conditions as per International Council
for Harmonisation (ICH) to observe the stability of
the drug on a proposed formulation. Samples were
withdrawn at 1 mo, 3 mo, 6 mo and analyzed using
Shimadzu UV Spectrophotometer. Percent drug
residuals at definite time intervals were recorded
using a colorimetric method for diclofenac sodium
injection!?). Results are shown in Table 11.

Physical stability testing of formulated injections:
The vials samples of formulations (20 samples of
each batch) were kept at Room Temperature (RT),
40°/75 % RH and 2°-4°. For physical stability
studies, the samples were observed at definite time
intervals for colour change and clarity (to observe
any turbidity or precipitation)?. Results are shown
in Table 12.

pH stability study of formulation: Injection
formulations were subjected to pH stability study for
a period of 3 mo. pH was measured using a digital
pH meter (Cyberscan 510), which was calibrated
using a standard buffer solution at each time interval.
Results are shown in Table 12.

Osmolarity: The osmolarity of prepared formulations
and the marketed product was determined using
a freezing-point based osmometer!'®, advance
instruments (Model 33201) was used for the study.
Results are shown in Table 13.

S. no Formulation Viscosity RPM Torque Temperature

1 F7 2.56 CPS 80 0.905 27.6°

2 F11 7.98 CPS 120 0.981 28°

3 F12 8.77 CPS 60 0.798 28°

4 F22 3.13 CPS 160 0.836 26.3°
March-April 2024 Indian Journal of Pharmaceutical Sciences 631
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TABLE 10: PH RESULT OF VARIOUS OPTIMIZED FORMULATIONS

Formulation pH
GS/DS/INJ/001 8.6
GS/DS/INJ/002 8.94

TABLE 11: RESULTS OF STABILITY STUDIES (GS/DS/INJ/001)

Percent content of formulation at different time interval

Storage
condition Initial 15 d 1 mo 2 mo 3 mo 6 mo
Room temp. 100.00 100.00 100.00 99.97 98.01
40°/75 % RH 100.00 100.00 99.45 98.99 98.01 97.56
30°/65 % RH 100.00 99.87 98.95 98.01 97.64
TABLE 12: pH STABILITY DATA OF DICLOFENAC SODIUM INJECTION FORMULATION
pH

Batch No.

Initial 15d 30d 60 d 90d
GS/DS/INJ/001 8.515 8.517 8.523 8.6 8.675
GS/DS/INJ/002 8.49 8.499 8.5 8.521 8.679

TABLE 13: OSMOLARITY RESULT OF VARIOUS MARKETED AND PREPARED FORMULATION

S. No Formulation Osmolarity

1 Dynapar AQ 1559 mosm/kg

2 Voveran Samples do not freeze

3 GS/DS/INJ/001 470 mosm/kg

4 GS/DS/INJ/002 568 mosm/kg
RESULTS AND DISCUSSION conditions for a period of 30 d. No visual colour

The drug was characterized using melting point,
UV spectroscopy, IR spectroscopy and DSC studies.
Results obtained confirm the purity of diclofenac
sodium. Drug analysis was done using a colourimetric
method at 380 nm. The results of the Thin Layer
Chromatography (TLC) study revealed that there is
no considerable change in R, values of diclofenac
sodium solubilized in methanol and diclofenac
sodium solubilized in solubilize blend solution. From
the results of the TLC study, it can be concluded
that there is no salt formation or complication of the
drug and solubilizer molecule. Both formulations
were found to be stable during the entire freeze thaw
study. No precipitation or turbidity were found in
the formulations. Viscosities of formulation were
found satisfactory, hence both formulations were
considered as optimized formulations. Both the
injection formulations were found to be unaffected
in respect of colour stability at all taken temperature

632 Indian Journal of Pharmaceutical Sciences

change or precipitate was observed in the developed
formulations. The pH values of both formulations
were found to be in the range as provided in the Indian
Pharmacopoeia 2014 monograph. The osmolarity
of proposed formulations was found to be less as
compared to the osmolality of the reference product.

The mixed solvency technique can be successfully
utilized in the formulation development of
injection dosage form of poorly water-soluble drug
diclofenac sodium and to reduce the concentration
of individual solubilize to minimize the side effects.
Every substance has solubilizing power and hence
various solid solubilizes can be screened for their
use in various pharmaceutical formulations. Novel
solubilizers such as amino acids and proteins can be
used for the solubility enhancement of various drugs.
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