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ABSTRACT

Diclofenac sodium injection is widely used in medicine as
antinflamatory and antirheumatic agent with a therapeutic value
of 25 mg / ml. However, diclofenac sodium is poorly soluble
which forms a problem in its manufacturing as an injection.

The available commercial products of diclofenac sodium
ampoules have used different types of solubilizing agents as
benzyl alcohol which is an irritant in a concentration more than 3%
while the other manufacturers used propylene glycol which has
toxic impurities.

In this present work, Diclofenac Sodium injection is prepared by
using Hydroxy Propyl Beta Cyclodextrine ; a natural and safe
excipient in formulation of ampoule solution which formed an
inclusion complex compounds with Diclofenac Sodium ,render it
very soluble and more stable. The finished product of ampoules
were subjected to the stability study by storing the samples at
40°C and 75% RH for six months and the physico-chemical
properties of the samples were tested at different periods. The
results showed no change in appearance of the ampoules
solution along the study time .In addition a reversed —phase
high pressure liquid chromatographic method was developed
and applied in studying the behavior of diclofenac Sodium in
solution and its resistance to the high temperature challenger.
The developed HPLC method was proved to be accurate and
able to detect the degradation products of Diclofenac Sodium in
solution.
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Introduction:

Preparation of Diclofenac sodium as a solution
for injection faced a lot of manufacturing
problems. Different solublizing agents have
been used to solve the problem of the poor
solubility character of diclofenac sodium ; such
as addition of benzyl alcohol in a concentration
not less than 7%,this concentration render the
solution in the ampoule to be irritant during
intramuscular injection (1.M). On the other hand,
the use of a co-solvent as propylene glycol to
solubilize diclofenc sodium mostly contributed
for the pain in the site of injection, [1]. Some
workers have used other co-solvent with water
as Transcutol solvent ( Diethylene Glycol
Monoethyl Ether ) to enhance the solubility of
poor soluble substances including diclofenac
sodium which need further safety studies, [2,3].
The recent development of beta-cyclodextrine
(CD) and its derivative hydroxyl propyl beta-
cyclodextrine (HPBCD) due to their safety nature
because they are prepared from starch, the
dramatic effect of CD and HPBCD substances
as solubilizing character promoted their use in
drug formulations, [4,5 |. Inclusion complex of
cyclodextrin with different drugs formulation
have proved good solubility and enhanced the
dissolution of the solid dosage-forms [6,7].

Meanwhile, other workers reported that
inclusion  complexation of drugs with
cyclodextrin  derivatives as HPBCD has

improved the stability of the active substance
and its solubility in a rate relative to the
concentrations of cyclodextrin in complex
compound. [8,9].

Obviously, the necessity to a specific method of
analysis becomes clear to monitor the assay and
to detect the expected changes in active
substance during the stability study. The
common UV spectrometric method for
determination of diclofenac sodium is simple and
accurate, however it lacks the specificity and
cannot detect the presence of degradation
products [10]. Some HPLC methods for the
determination of diclofenac sodium in dosage
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-forms as gel and injection [11], and in biological
macromolecules have been reported [12].

In this work, the complex compounding of
diclofenac sodium with cyclodextrine ( HPBCD)
was formulated as ampoules and a suitable
stability- indicating method of HPLC was
developed for diclofenac sodium in its inclusion
complex with cyclodextrin.

Materials and Method:;

Hydroxyl propyl beta cyclodextrin (HPBCD,
trade mark Kleptose,Roquette Co.,.Diclofenac
Sodium,Sodium metabisulfite,Benzyl alcohol,
and propylene glycol (Al-Safa Co. for
pharm.Ind.,Iraq),HPLC apparatus(Cecile
Co.),DSC-60 (schimadzo Co.,Japan),FTIR
(China).

Preparation of diclofenac sodium injection using
HPBCD;

To make 100ml solution of diclofenac sodium for
injection which contains 2.5 gm of diclofenac
sodium (75 mg per 3 ml ), disperse amount of
diclofenac sodium in a portion of water with
continuous stirring then pour it in a solution of
HPBCD in water ,mix and continue stirring at
70°C until clear solution . While stirring of the
mixture add other ingredients as preservative
and antioxidant, cool the solution to room
temperature, adjust the pH between (7 — 8) and
complete to required volume with water, the final
solution will be in a molar ratio of 1:1/2 of
diclofenac sodium to HPB-CD. This preparation
procedure is carried undercurrent of nitrogen
gas through the solution, then filtered through
membrane filter of 0.22u pore size to fill sterile
amber color ampoules with 3 ml for each in a
laminar flow followed by sealing. The proper
sealing was checked and a part of these
ampoules were undergo autoclaving.

The nature of the resulted complex of Diclofenac
sodium with HPB-CD was studied, the soluble
mixture in the ratio of 1 : 1/2 of Diclofenac
sodium with HPB-CD was evaporated under
vacuum and dried in an Oven, operated by hot
air at 50°C for one hour. The dried and grinded
solid residue of diclofenac sodium-HPB-CD
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complex was examined and clarified by IR-
spectrometry and DSC-scan

The assay of diclofenac sodium in the prepared
ampoules was determined by using HPLC
method which consists of the following
conditions;

Column; C18 ,250mm x 4.5 mm.The mobile
phase was 30% acetonitrile in phosphate buffer
0.05M,pH 5.0,the injection volume of sample
was 25 pL ,and the peak of interest was detected
by UV-detector at 254nm.This method was
validated for precision, accuracy, specificity,
reproducibility and its suitability for stability work.

The solutions of Diclofenac sodium ampoules
were prepared in different formulations and
sterilized by micro filtration and other part with
terminal autoclaving . the prepared ampoules
were stored at the recommended conditions of

stability work (at 30°C & 65% RH as a room
temperature in Irag, and at 40°C&75% RH
accelerated conditions).The physico- chemical
properties of these ampoule solutions were
examined at intervals during the period of
storage.

Formulation of diclofenac sodium ampoule
75mg/3ml.

Generally,the amount of benzyl alcohol in new
formula was replaced by HPB-CD as solubilizer;
other stabilizing agents are the same.Methy
paraben was used in F3, as it is reported to be
used in a concentration (0.65 - 0.25%)
parentrally [13]. All the solutions of different
formulations of prepared ampoules contain 2.5
gm of Diclofenac sodium in 100ml solution, the
composition of excipients in  different
formulations are mentioned in (table-1-).

Table-1 compositions of different formulations of prepared diclofenac sodium ampoules

Formula F1 F2 F3 F4
Sodium 0.1 gm 0.1 gm 0.1 gm ——————-
metabisulfite

Benzyl alcohol 17.5ml | ——eeeeee ——————— ———————
EDTA sodium 0.05 gm 0.05 gm 0.05 gm 0.05 gm
HPB-CD | —————-- 5.5 gm 5.5 gm 5.5gm
Methyl paraben | - | ——mmee—o 0.07 gm 0.07 gm

Results and discussions;
a-Infra-red examination:

The IR-spectrum of Diclofenac sodium (Fig-1-)
show the characteristic peak at 3388 cm—1 due
to NH stretching of the secondary amine, 1569.2
cm—1 of the —C = O stretching of the carboxyl
group and at 745 cm—1 of C —Cl stretching.

However, the broad and convex peak of HPB-
CD at the region 3300 -3500 cm-1 of the IR-
spectrum of HPB-CD (Fig-2-). caused by its OH
group leads to the disappearance of the NH-
stretching peak of Diclofenac Sodium in the IR-
spectrum of the prepared complex mixture of
Diclofenac Sodium and HPB-CD (Fig-3-),in
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addition there is no
indicating non-covalent
inclusion complex .

recorded new peak,
interaction in the

b-Differential scanning calorimetric test;

The DSC thermograph of diclofenac sodium
powder show endothermic peak at 285 °C (Fig-
4-). However, the thermograph of the prepared
Diclofenac sodium and HPB-CD complex
powder show abroad peak of HPB-CD at about
92°C with a sign of shifting in the endothermic
peak of Diclofenac sodium to about 256°C,
indicated the formation of inclusion complex

(Fig-5-).
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Figure-1- IR-spectrum of pure diclofenac sodium
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Figure-2- the IR-spectrum of HPB-CD
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Figure-3- The IR-spectrum Diclofenad Sodium and HPB-CD complex.
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Figure-4-: the DSC thermograph of Diclofenac Sodium powder.

JPRR: http://escipub.com/journal-of-pharmaceutical-research-and-reviews/ 0005



Kahtan J.Hasson, JPRR, 2018; 2:16

] o

10,00

256.97C

1
100.00

Temp [S3

Figure-5- the DSC theromograph of Diclofenac sodium and HPB-CD complex

The HPLC analysis:

The HPLC-chromatogram of the prepared
ampoule shows a peak for Diclofenac sodium of
similar retention time with that of standard
solution (Fig- 6-). The quantitative application of
this method proved good precision; as the
analysis of different dilutions in the range (0.2 —
1.2 mg/ml ) of diclofenac sodium exhibited a
straight line relationship with the peak area of the
resulted peaks (Fig-7-), the correlation
coefficient was (0.999 ).Reproducibility test for

five analytical applications shows a relative
standard deviation (RSD 0.9%). .Analysis of
prepared sample of ampoule solution without
Diclofenac sodium show no peak at the retention
time of Diclofenac sodium peak, indicated the
method specificity. The suitability of this method
for stability work was studied; solution of
Diclofenac sodium was subjected to heat at
70°C for one week, the solution become of
deeply yellow color and its HPLC chromatogram
show a secondary peak indicating occurrence of
degradation (Fig-8-),

Diclofenac sodum F*
Diclofenac sodum ...

. 591
standard — ||

‘ E - Test

Figure-6- the peak of tested Diclofenac sodium ampoule appears at about 10 minutes and it
was the same as standard solution.
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Figure-7- the straight-line relationship between peaks areas and concentrations of
Diclofenac sodium.
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Figure-8- there is a detected secondary peak at 275 seconds (Rt), which indicates a sign of
degradation.

Stability tests; the results of physico-chemical
changes in the prepared formulations of
diclofenac sodium ampoules due to storage at
different  conditions; included at room
temperature and accelerated conditions are
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postulated in the following tables (table.-2-and -
3-). Samples of ampoules, sterilized by filtration
are referred as (Fa) and those by terminal
autoclaving as (Fb).
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Table-2- changes in the solutions of diclofenac sodium ampoules, of different formulations,
stored at 25°C & 65%RH.for one year.

Formula color clarity pH Assay of degradation
Diclof.sod.
Fla Slightly Few 7.8 99.2% Not
yellow particles detected
F2a Slightly Few 7.4 99.3% =
yellow particles
F3a colorless clear 7.8 100.1% =
F4a colorless clear 7.8 99.8% =
F1b yellow Few 7.4 97.0% detected
particles
F2b yellow Few 7.3 97.3% detected
particles
F3b Slightly clear 7.6 98.8% Not
yellow detected
F4b Slightly clear 7.5 98.5% Not
yellow deteced

Table-3- changes in the solutions of diclofenac sodium ampoules, of different formulations,
stored at 40°C & 75%RH.for one year.

formula color clarity pH Assay of degradation
Diclof.sed.
Fla Slightly Few 7.8 95.2% detected
yellow particles
F2a Slightly Few 7.4 96.3% detected
yellow particles
F3a colorless clear 7.8 99.1% Not
detected
Fda colorless clear 7.8 99.8% Not
detected
F1b yellow Few 7.4 94.0% detected
particles
F2b yellow Few 7.3 92.3% detected
particles
F3b Slightly clear 7.6 98.8% Not
yellow detected
F4b Slightly clear 7.5 98.5% Not
yellow deteced
Conclusion: stability of ampoule solution by formation of

This study indicates that the use of hydroxyl
propyl  beta-cyclodextrine enhances the
solubility of diclofenac sodium in water for
ampoule formulation, in addition it induces the

inclusion complex with the molecules of
Diclofenac sodium and protects the drug against
oxidation.
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