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PHARMACEUTICAL ANALYSIS

Adaptation of a Color Reaction for
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ABSTRACT

A simple, sensitive, and convenient spectrophotometric method for the
determination of diclofenac sodium and piroxicam in pure form and in
pharmaceutical formulations was developed. The method is based on the
oxidation of diclofenac sodium or piroxicam by iron(IIl) in the presence
of o-phenanthroline. The formation of tris(o-phenanthroline) iron(II)
complex (ferroin) upon the reaction of diclofenac sodium or piroxicam
with an iron(IIl)-o-phenanthroline mixture in acetate buffer solution of
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pH 4.4 and 4.8, respectively, was investigated. The ferroin complex is
measured at 510 nm against a reagent blank prepared in the same manner.
The optimum experimental parameters for the color production are
selected. Beer’s law is valid within a concentration range of 1.0—
32pgmL ™" for diclofenac sodium and 1.0-28 pgmL ™' for piroxicam.
For more accurate results, Ringbom optimum concentration ranges are
2.0-30 and 2.0-26 pgmL~" for diclofenac sodium and piroxicam,
respectively. The molar absorptivities are 1.15 x 10* and 1.63 x
10*Lmol 'em™!, whereas Sandell sensitivities are 2.78 and
2.03ngcm ™2 for diclofenac sodium and piroxicam, respectively. The
method gave a mean percentage recoveries 99.8 + 1.2% for diclofenac
sodium and 100.3 + 0.8% for piroxicam. The developed method is
applied for the determination of diclofenac sodium and piroxicam in
bulk powder and in their pharmaceutical formulations without any inter-
ference from tablet fillers.

Key Words: Diclofenac sodium; Piroxicam; Spectrophotometry;
Pharmaceutical formulations.

INTRODUCTION

Diclofenac sodium [monosodium 2-(2,6-dichloroanilino)phenylacetate]
[15307-79-6] is a well known analgesic and anti-inflammatory agent.!"
Piroxicam [4-hydroxy-2-methyl-N(2-pyridyl)-2H-1,2-benzothiazine-3-carbox-
amidel,ldioxide] is a new non-steroidal anti-inflammatory drug which is
extensively used in medicine.'* The USP-NF procedure,™! for the quantitative
determination of these drugs in pure and in pharmaceutical dosage forms is
based on high performance liquid chromatography (HPLC). The HPLC
methods require expensive equipment and are often timing consuming.

Several methods have been reported for the assay of these drugs whenever
pure, in dosage forms, or in body fluids. Piroxicam has been analysed by
HPLC,*~* spectrophotometry,'°~'*!" fluorometry,"'”! voltammetry, 82
potentiometry,''® and polarography.” Diclofenac sodium has also been
determined by chromatographic techniques including TLC,?'** GC,*!
and HPLC,”"**~2%! colorimetric,'*! capillary electrophoresis,**! and spectro-
photometric procedures.!*' ~3*!

The present study describes a spectrophotometric method for the determi-
nation of diclofenac sodium and piroxicam, based on the oxidation of drugs by
Fe(III) in the presence of o-phenanthroline. The formation of fris(o-phenan-
throline) iron(II) complex (ferroin) upon the reaction of diclofenac sodium
or piroxicam with an iron(Ill)-o-phenanthroline mixture in optimum reaction
conditions was investigated.
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EXPERIMENTAL
Apparatus

All spectral and absorbance measurements were made on a Perkin—Elmer
A3B spectrophotometer with 10 mm matched quartz cell. An Orion Research
Model 601 A /digital ionalyzer, pH-meter with a combined saturated calomel-
glass electrode was used for pH measurements.

Materials and Reagents

All chemicals used were of analytical reagent grade. Diclofenac sodium
was obtained from Swisspharma Cairo (under Licence from Ciba-Geigy
Ltd, Basle, Switzerland), whereas piroxicam was kindly supplied by Pfizer’s
Egypt Company, Cairo, Egypt. Voltaren (tablets, ampoules, and suppositories)
labelled to contain 25 mg per tablet, 75 mg per ampoule, and 100 mg per
suppository of diclofenac sodium were obtained from Swisspharma Cairo
(under Licence from Ciba-Geigy, Ltd., Basle, Switzerland). Declophem
(tablets, ampoules and suppositories) labeled to contain 25 mg per tablet,
75 mg per ampoule and 100 mg per suppository were obtained from Pharco
Pharmaceuticals, Alexandria, Egypt. Feldene (capsules, tablets and supposi-
tories) labeled to contain 10 and 20 mg per capsule, 10 mg per tablet, and
20 mg per suppository of piroxicam were obtained from Pfizer’s Egypt Co.,
Cairo, Egypt (under authority of Pfizer Inc. USA).

o-Phenanthroline—iron(III) mixture. A 0.50 g amount of o-phenanthroline
monohydrate (Fluka, puriss. P.a.), 5.0mL of 1.0M HCI, and 0.40g of
ammonium iron(III) sulphate dodecahydrate (Merck, analytical-reagent
grade) were dissolved in and diluted to 250 mL with distilled water. The
solution is stable for at least 4 weeks if it is stored in a dark, cool location,
e.g., in a refrigerator at 3—4°C.

Stock reference solutions (250 g mL ™~ ') were freshly prepared from pure
samples of diclofenac sodium and piroxicam by dissolving 0.025 g in 100 mL
ethanol. Acetate buffer solutions of pH values 3.4-5.6 were prepared as
recommended previously."*!

General Procedure and Calibration
Into a 25 mL calibrated flasks, were pipetted in the order 15.0 mL of acetate

buffer solution (pH 4.4 and 4.8 for diclofenac sodium and piroxicam, respec-
tively, as optimum pH value), 0.1-3.2mL aliquots of the experimental drug
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solution, and 3.0 mL of o-phen-iron(IIT) mixture, followed by dilution to volume
with water. The flasks were stopped, mixed well by shaking and kept for 15 min
in a water bath at 60°C + 1°C, then immediately cooled to room temperature
(ca. 25°C + 1°C) using a cold water bath. The absorbance of the solution was
measured at 510 nm against a blank solution which has been treated similarly.

Procedure for Capsules and Tablets

Into a 100 mL calibrated flask an accurately weighted amount of the
mixed contents of 20 capsules or tablets, equivalent to 25 mg was transferred
quantitatively. The drug was dissolved and diluted to volume with ethanol.
The solution was mixed well by shaking and filtered through a suitable filter
paper. The assay of the capsules or tablets was completed according to the
general procedure.

Procedure for Ampoules

Into a 100 mL calibrated flask, a volume equivalent to 25 mg of diclofenac
sodium of the mixed contents of five ampoules was transferred quantitatively
and completed to 100 mL with ethanol. The assay of the ampoules was com-
pleted according to the general procedure.

Procedure for Suppositories

An accurately weighted amount of the 10 suppositories melted in a small
beaker on a water bath with stirring and cool, equivalent to 25 mg was transferred
quantitatively in a separating funnel. Dissolve in 40 mL of hot ethanol and after
cooling, extract the fatty with 10 mL of ether. Separate the etherial layer and
wash it twice with 10 mL of ethanol. Combine the ethanolic extracts and wash-
ings into a 100 mL calibrated flask and complete to volume with ethanol. The
assay of the suppositories was completed according to the general procedure.

RESULTS AND DISCUSSION

Although diclofenac sodium or piroxicam is relatively stable in both light
and air, it is easily oxidized by many redox systems such as:

Fet + ¢/ =sFe?t
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Iron(IIT)-o-phenanthroline reagent was used for the determination of
several drugs. This reagent was utilized for quantitative determination of
diclofenac sodium and piroxicam. The method depends on the formation of
tris(o-phenanthroline)iron(Il) chelate upon the oxidation reaction of these
drugs with an iron(III)-o-phenanthroline mixture in acetate buffer of pH 4.4
and 4.8 for diclofenac sodium and piroxicam, respectively. The reaction pro-
ceeds through reduction of iron(III) to iron(Il) and subsequent formation of the
intensive orange—red coloration of the ferroin complex. A detailed study of
the optimum chemical conditions for the reduction of phen-iron(IIl) reaction
was performed.

Effect of pH

The effect of pH was investigated in different buffer medium namely, uni-
versal, thiel, borate, and acetate buffer solutions of pH ranges 2.0-12.0.3%
The results indicated that the reduction process occurs in slightly acidic
medium and the optimum buffer solution was the acetate. The optimum
pH for diclofenac sodium was in the range 3.8—-5.0, whereas for piroxicam
was in the range 4.3—5.3. The pH value 4.4 and 4.8 was selected for further
study to diclofenac sodium and piroxicam, respectively, since the results are
highly concordant at this pH values. The amount of buffer added to 25 mL
of solution was also investigated and found to be 15mL which gave
marginally the highest absorbance values.

Effect of Time and Temperature

The reaction was tried on cold and it was found that diclofenac sodium
required about 2 hr for complete color development and 15 min heating at
60°C + 0.5°C on thermostatic water bath. Piroxicam needed about 90 min
on cold and 15 min heating at 60°C £ 0.5°C on thermostatic water bath.
For this reason; the heating time was selected to be 15 min for both drugs.
Further increase in the heating time does not cause any change in color inten-
sity, while raising the temperature above 80°C, the color intensity and the
absorbance start to decrease.

Effect of Reagent Concentration

The results obtained showed that at least 2.5 mL solution of the prepared
reagent should be present to achieve maximum color development (Fig. 1).
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Figure 1. Effect of reagent concentration on the complexation of 20 ugmL ™" of
piroxicam and diclofenac sodium. (View this art in color at www.dekker.com.)

However, 3.0 mL of reagent was used in the present study to insure complete
color formation and quantitative reaction at the upper limit of the calibra-
tion curves. The color formed under these conditions was stable for more
than 12 hr.

Absorption Spectrum and Calibration Graph

The absorption spectrum of the well known ferroin complex was scanned
in the double beam mode against a reagent blank in the range 400—600 nm.
Automatic base line correction was employed, while the same base line was
determined and checked with both samples and blank cells filled with reagent
blank solution.

The calibration graph was obtained according to the above general pro-
cedure. The linearity (six replicates for seven different concentrations) was
checked by a linear least-squares treatment. All the spectral characteristics
and the measured or calculated factors and parameters are summarized in
Table 1.
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Table 1. Spectral and analytical characteristics.

Values
Diclofenac

Parameter sodium Piroxicam
Amax (nM) 510 510
g (Lmol 'ecm™) 1.15 x 10* 1.63 x 10*
Sandell’s sensitivity (ng cm”2)? 2.78 2.03
Regression line equation: A = mC + 2°

m (slope + S.D.) (n=15) 0.036 + 0.002 0.049 + 0.001

z (intercept + S.D.) (n =5) —0.006 £+ 0.061 +0.0037 + 0.044
Correlation coefficient (r) (n = 42)° 0.9988 0.9995
Optimum concentration range (ugmL ") 1.0-32 1.0-28
Ringbom concentration range (wgmL ') 2.0-30 2.0-26

#Average of six determinations (the values obtained are referred to diclofenac sodium
or piroxicam).

®A = absorbance; C = concentration.

“Six replicates for seven different concentrations.

Sensitivity, Accuracy, and Precision

The mean Sandell sensitivity as calculated from Beer’s law is presented
in Table 1. In order to determine the accuracy and precision of the method,
solutions containing three different concentration of diclofenac sodium or
piroxicam i.e, 8.0, 16.0, and 24.0 pgmL ™", were prepared and analysed in
quintuplicate. The measured standard deviation (S.D.), relative standard devi-
ation (R.S.D.), the standard analytical error and confidence limits, (Table 2)
can be considered satisfactory, at least for the level of concentrations examined.

Application in Pharmaceutical Analysis and a Statistical
Comparative Study

The method was applied to the spectrophotometric determination of
diclofenac sodium or piroxicam in commercial pharmaceutical formulations.
The results obtained were compared statistically by the Student’s #-test and the
variance ratio F-test with those obtained by applying the official method for
diclofenac sodium!'! and piroxicam™®?! on samples of the same batch and
given in Table 3.

The Student’s t-test values obtained at the 95% confidence level and
five degrees of freedom™®! did not exceed the theoretical tabulated value of
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Table 2. Evaluation of accuracy and precision of the proposed method.

Added Found + S.D.* R.S.D. Standard Confidence
Drug (ngmL) ™ ! (ngmL ™ b (%) error limits
Diclofenac 8.0 8.02 + 0.081 1.72 0.027 8.02 + 0.10
sodium
16.0 15.95 + 0.06 1.37 0.035 15.95 + 0.07
24.0 2390 + 0.12 1.84 0.054 2390 + 0.14
Mean 1.64 0.039
Piroxicam 8.0 7.97 + 0.10 1.51 0.045 7.97 + 0.12
16.0 16.10 + 0.12 1.79 0.054 16.10 + 0.14
24.0 2390 + 0.11 1.33 0.049 23.90 + 0.13
Mean 1.54 0.049

*Mean of five determinations.

Table 3. Determination of diclofenac sodium and piroxicam by the proposed method
and statistical comparison with the official method.""*!

Recovery® £+ S.D. (%)

Sample Formulation Proposed Official t* F°
Voltaren* 25 mg/tablet 99.20 + 0.091  98.00 + 0.162 1.24 2.63
75mg/ampoule  100.40 + 0.067 102.00 + 0.173 1.93 2.78
100 mg/ 101.00 + 0.119  97.50 + 0.211  1.56 2.90
suppository
Declophem® 25 mg/tablet 100.80 + 0.108  99.00 + 0.157 1.11 2.71
75mg/ampoule  98.60 + 0.134  97.50 + 0.182  1.26 3.11
100 mg/ 99.20 + 0.112  102.70 + 0.226 147 293
suppository
Feldene® 10 mg/capsule 98.60 + 0.121 103.00 + 0.288 1.71 2.40
20mg/capsule  100.80 + 0.115  98.00 + 0.177 1.98 2.51
10 mg/tablet 101.00 + 0.127 9720 + 0.263 143 2098
20mg/ 99.00 + 0.126  102.80 + 0.259 1.78 2.51
suppository

#Average of six determinations.

PCalculated r-value; tabulated #-value for five degrees of freedom; and p = 0.05 is 2.57.
Calculated F-value; tabulated F-value for five degree of freedom; and 95% confidence
limits is 5.05.

Diclofenac sodium product.

“Piroxicam product.
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t = 2.57, indicating no significant difference between the methods compared.
The F-value (5.05) also showed that there is no significant difference between
the precision of the proposed method and the official method. The proposed
method can be used for quality control and routine analysis of the investigated
drugs in bulk as well as in their dosage forms.

CONCLUSION

The proposed method is simple, accurate, and offers advantages of
reagent availability and stability, less time consumption and high sensitivity
compared to the official methods (based on HPLC). Although the color devel-
opment of ferroin complex at room temperature requires 120 and 90 min in the
reaction with diclofenac sodium and piroxicam, respectively, for completion,
this can be shortened to 15 min by raising the temperature to 60°C + 0.5°C.
The proposed method is suitable for the determination of diclofenac sodium
and piroxicam in pharmaceutical formulations without interferences from
excipients such as starch and glucose or from common degradation products,
suggesting applications in bulk drug analysis.
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