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The objective of this work is to develop and validate spectrophotometric method for the determination

of piroxicam in commercial dosage forms. The method is based on the chelation of the drug with Fe(III) to

form pink coloured metal chelate at room temperature which absorbs maximally at 504 nm. Beer’s law is

obeyed over the concentration range of 8-160 �g mL-1 (A = 1.07 � 10-3 + 7.75 � 10-3 C). Under the opti-

mized experimental conditions, proposed method is validated as per the International Conference on Har-

monisation guidelines. The limits of detection and quantitation for the proposed method are 0.775 and

2.348 �g mL-1, respectively. The proposed method has been successfully applied to the determination of

piroxicam in commercial dosage forms. The results are compared with the reference El-Ries et al. spectro-

photometric method.
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INTRODUCTION

Piroxicam is chemically known as 2H-1,2-benzothi-

azine-3-carboxamide, 4-hydroxy-2-methyl-N-2-pyridinyl-

1,1-dioxide (CAS: 36322-90-4; M.W.: 331.35).1,2 It is a

non-steroidal anti-inflammatory drug (NSAID) belonging

to a class of compounds called oxicams. It is widely used in

the treatment of rheumatic diseases and gout. Its anti-in-

flammatory action is caused by its inhibition of prostaglan-

din synthetase.3 It may be administered systematically or

topically and its once-daily administration had made it

widely appreciated when NSAID treatment is required for

a chronic condition. Where the presenting symptoms are

mild in nature, it is advisable to initiate treatment at a dose

of 20 mg daily. At high concentrations, gastrointestinal

side effects can appear. Therefore, the analysis of piroxicam

is important for obtaining optimum therapeutic concentra-

tion and for quality assurance in pharmaceutical prepara-

tions.

The assay of piroxicam in bulk and pharmaceutical

preparations is cited in The United States Pharmacopoeia2

which is based on liquid chromatography. The great use of

the drug posed pressure on the chemist to develop analyti-

cal methods for the determination of the drug in commer-

cial dosage forms. Several analytical methods have been

reported which are based on high performance thin layer

chromatography (HPTLC),4 high performance liquid chro-

matography (HPLC),5-9 capillary electrophoresis (CE),10

voltammetry,11 derivative spectrophotometry,12 spectro-

fluorimetry,13,14 and extractive spectrophotometry.15,16 The

main problem associated with these determinations is the

laborious cleanup procedure required prior to analysis of

piroxicam. The sample preparation of the drug included en-

richment, separation techniques such as liquid-liquid or

solid-liquid extraction, coprecipitation, electrodeposition

to isolate and preconcentrate the drug. Few spectrophoto-

metric methods17,18 have been reported for the determina-

tion of piroxicam in drug formulations. El-Ries has reported

one spectrophotometric method based on the chelation of

the drug with uranyl acetate in alcohol medium.19 The de-

merit of this method is the use of uranyl ion which is haz-

ardous and radioactive in nature. Therefore, there is a need

for a simple, sensitive and selective spectrophotometric

method utilizing non toxic metal ion for the determination

of piroxicam in commercial dosage forms. Spectrophotom-
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etry is the best tool for determining drug in the laboratories

of research, hospitals and pharmaceutical industries due to

its low cost and inherent simplicity. Analytical methods

based on spectrophotometry20-26 were published in reputed

journals. The proposed method is based on the chelation of

the drug with Fe(III) in ethanol-water medium to form a

pink colored complex which absorbs maximally at 504 nm.

The reaction conditions are optimized and validated as per

the International Conference on Harmonisation guidelines

(USA).27

EXPERIMENTAL

Apparatus

All absorbance measurements and spectral runs were

made on a Shimadzu UV-visible 1601 spectrophotometer

(Kyoto, Japan).

IR spectra were recorded on a Perkin-Elmer FTIR

1650 spectrophotometer in wave number region 4000-400

cm-1 using KBr pellet technique.

Reagents and standards

All reagents used were of analytical reagent grade.

� 0.005 M Ferric sulphate (M.W.: 399.88, Fluka

Chemie AG, Switzerland) solution was freshly prepared in

distilled water.

� Piroxicam reference standard drug (CAS No.

36322-90-4, M.W. = 331.4) was purchased from Sigma

Chemical Company (St. Louis, USA). Feldene 10 mg cap-

sule and tablet (Pfizer Ltd., Surrey, USA) of piroxicam

were purchased from Scientific Pharmacy, Al-Khuwair,

Muscat, Oman.

Test solution

0.16% piroxicam (1.6 mg mL-1) solution was pre-

pared in methanol.

Procedure for the determination of piroxicam

Aliquots of 0.05-1.0 mL standard piroxicam (1.6 mg

mL-1) solution corresponding to 8-160 �g mL-1 were pi-

petted into a series of 10 mL standard volumetric flask. To

each flask, 1.0 mL of ferric sulphate (0.005 M) solution

was added and diluted up to the mark with ethanol. The

contents of each flask were mixed well at room temperature

and the absorbance was measured at 504 nm against the re-

agent blank prepared similarly except drug. The color was

stable up to 24 h. The amount of the drug was obtained ei-

ther from the calibration graph or the regression equation.

Analysis of piroxicam in commercial dosage forms

The powder contents of commercially available feldene

capsule and tablet (8 in number) of 10 mg strength of pi-

roxicam were taken in 25 mL methanol and kept for 10 min

for complete dissolution of the drug. The mixture was fil-

tered through Whatmann No. 42 filter paper (Whatmann

International Limited, Kent, UK) in 50 mL standard volu-

metric flask. The residue was washed well with 4 � 5 mL

portions of methanol for complete recovery of the drug and

diluted to volume with methanol. The amount of piroxicam

was determined following the recommended procedure.

Determination of stoichiometry

The stoichiometry of the reaction was studied by

Job’s method of continuous variations.28 For this method,

different volumes (0, 0.2, 0.5, 0.7, 1.0, 1.3, 1.5, 1.8, 2.0

mL) of 3.622 � 10-3 M piroxicam was added with different

volumes (2.0, 1.8, 1.5, 1.3, 1.0, 0.7, 0.5. 0.2, 0 mL) of 3.622

� 10-3 M ferric sulphate and diluted with ethanol in 10 mL

standard volumetric flask. The absorbance was recorded at

504 nm and plotted against the mole fraction of piroxicam.

Validation Protocol

The proposed method has been validated for solution

stability, specificity, linearity, precision, accuracy, robust-

ness and evaluation of bias.

Solution stability

The solution stability of piroxicam was investigated

by taking 4.8 �g mL-1 piroxicam. The drug solution was

monitored spectrophotometrically by observing the UV-

visible spectra for 3 d. The spots on TLC plates for freshly

prepared drug solution were monitored for 3 d at room tem-

perature. The thin layer chromatography was performed

using TLC plates coated with silica gel G (Merck Limited,

Mumbai, India) and developed in the solvent system: ben-

zene – diethyl ether in the ratio of 2.0: 3.0 v/v. Then the

TLC plates were freed from mobile phase, dried and spots

were detected in iodine chamber.

Specificity and selectivity

The specificity and selectivity of the proposed method

was evaluated by determining the concentration of piroxicam

(160 �g mL-1) in the presence of various excipients such as

glucose, fructose, lactose, starch, sodium benzoate and

phenyl alanine (aspartame) commonly found in drug for-

mulations.

Linearity

The linearity of the proposed method was evaluated

at nine concentration levels of 8, 16, 32, 48, 64, 80, 128,

144, and 160 �g mL-1. Each concentration level was ana-

lyzed repeatedly for five times.
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Precision

The intra-day (within day) and inter-day (n = 5) pre-

cisions were evaluated using standard piroxicam solution

at three concentrations levels: 16, 80 and 144 �g mL-1. The

intra-day repeatability was assessed with five replicates for

each of three working sample concentrations in a single

day. The inter-day reproducibility was assessed with five

replicates at each concentration over five days.

Accuracy

The accuracy of the proposed procedure was evalu-

ated by the standard addition technique. In this technique,

aliquot of 0.2 mL (or 0.4 mL) of active drug solution of

feldene capsule was spiked with 0, 0.1, 0.2, 0.3 and 0.4 mL

of piroxicam (1.6 mg mL-1) into a 10 mL standard volumet-

ric flask and the mixture was diluted up to the mark with

ethanol. The nominal value was determined by measuring

the absorbance at each concentration level.

Robustness

The robustness of the proposed method was evalu-

ated by observing the influence of small variations of the

concentration of ferric sulphate and solvent. The exactness

of each operational parameter was checked by varying one

experimental parameter at a time keeping the other parame-

ters constant and the % recovery � RSD of drug was calcu-

lated.

Evaluation of bias

The bias has been evaluated by means of point and in-

terval hypothesis tests.29 In interval hypothesis test, the test

method is compared with the reference method and consid-

ered to be acceptable if the mean recovery is within � 2.0%

of that of the reference method30 i.e. 0.98 < �2/�1 < 1.02

which can be generalized to �L < �2/�1 < �U where �L and �U

are lower and upper acceptance limits, respectively. The

limits of this confidence interval can be calculated using

the following quadratic equation:

� �2

1

2 2 2

1 1 2
2( / ) ( )x S t n x xp tab� � �

� � �( / )x S t np tab2

2 2 2

2
0

where x
1

and x
2

are mean values based on n1 and n2 mea-

surements, respectively. Sp is the pooled standard deviation

and ttab is the tabulated one-sided t-value, with n1 + n2 -2 de-

grees of freedom at 95% confidence level.

Procedure for reference method [16]

Aliquots of 0.05-1.1 mL of 0.1% standard piroxicam

solution corresponding to 5-110 �g mL-1 piroxicam were

pipetted into a series of 50 mL separating funnel. To each

funnel, 5 mL of 1% potassium iodate and 3 mL of 30% v/v

sulphuric acid were added, mixed well and heated at 55 	C

for 5 min. The contents of the funnel were shaken with 10

mL cyclohexane, for 2.5 min and allowed to stand for clear

separation of the two phases. The absorbance of the organic

phase at 522 nm was measured against the reagent blank

prepared similarly except drug. The amount of the drug in a

given sample can be estimated either from the calibration

graph or the corresponding linear regression equation.

RESULTS AND DISCUSSION

The ethanol solution of piroxicam absorbed maxi-

mally at 208 nm while the ferric sulphate solution in dis-

tilled water was peaking at 213 nm. When the two solutions

were mixed together, there was a red shift in the wave-

length due to the complexation reaction between piroxicam

and ferric sulphate. Thus, piroxicam was allowed to react

with ferric sulphate resulting in the formation of pink col-

ored metal chelate peaking at 504 nm. The reaction was

carried out at room temperature. The absorbance measure-

ment at 504 nm as a function of initial concentration of

piroxicam was utilized to develop a rapid and selective

spectrophotometric method for the determination of pi-

roxicam in commercial dosage forms.

Stoichiometry

The stoichiometric ratio between piroxicam and fer-

ric sulphate was evaluated by Job’s method of continuous

variations. This is due to the chelation of the drug with

Fe(III) at 504 nm. The plot of absorbance versus mole frac-

tion of piroxicam has confirmed that 2 mol of piroxicam re-

acted with 1 mol of Fe(III) (Fig. 1). The resulting metal

chelate remained stable for about 24 h. Thus, the combin-

ing molar ratio between piroxicam and Fe(III) is 2:1.

The chelating reaction of piroxicam with metal ions

can be expected through three coordination sites such as

-OH, -CONH and N functional groups.31 IR spectra of the

piroxicam and Fe(III)-piroxicam complex are shown in

Fig. 2 and Fig. 3, respectively. It can be seen from the fig-

ures that Fe-N and Fe-O stretching vibrations occur at 582

cm-1 and 440 cm-1, respectively. Therefore, based on the lit-

erature background and our experimental findings, the re-

action sequence of the proposed method is given in Scheme

I. The apparent formation constant (Kf) for the complex be-
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tween piroxicam and Fe(III) was calculated using the equa-

tion:

K
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�
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where Aobs and Aextp are observed and extrapolated absorb-

ance values for the complex, respectively. CM and CL are

the initial concentration of Fe(III) and piroxicam in mol

L-1, respectively. C is the limiting concentration. Thus, Kf

for the complex is found to be 2.476 � 1011. The apparent

Gibbs free energy (�G	) was calculated using �G	 = -2.303

RT log Kf and found to be -65.01 kJ mol-1 confirming the

feasibility of the reaction.

Optimization of Variables

The concentration of ferric sulphate used for the de-

velopment of the proposed method was optimized by per-

forming a series of experiments. The influence of the con-

centration of ferric sulphate on the absorbance of the pink

colored complex was examined in the range 1.25 � 10-4 M �
5.0 � 10-4 M ferric sulphate. It is evident from Fig. 4 that the

maximum absorbance was obtained with 4.0 � 10-4 M ferric

sulphate. Above this concentration up to 5.0 � 10-4 M ferric

sulphate, the absorbance remained unchanged. Therefore,

4.0 � 10-4 M ferric sulphate was used in all measurements.

The effect of solvents such as ethanol, methanol, ace-

tone, acetonitrile, dimethyl sulphoxide, and 1,4-dioxan

was investigated on the absorbance of the pink coloured

complex. It is found that the reaction mixture is becoming

turbid when diluted with distilled water. The difference in

absorbance values with other solvents are shown in Fig. 5.

It is apparent from the figure that the highest absorbance

was obtained in ethanol medium. Therefore, ethanol is se-

lected as the best solvent for the determination process of

the pink coloured complex.

Validation Protocol

Solution stability

The UV-visible absorption spectrum of ethanolic so-
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Fig. 1. Job’s plot of continuous variations: reaction

stoichiometry between drug and ferric sulphate

(2:1).

Fig. 2. IR spectrum of piroxicam.



lution of piroxicam (4.8 �g mL-1) was recorded in the wave-

length range of 200-400 nm. It was found that the drug so-

lution absorbs maximally at 207.6 nm (0.778 absorbance

value) and the absorbance remained constant up to 3 day.

This was also confirmed by TLC as TLC plate showed a

single spot with Rf = 0.43 up to the duration of 3 day.

Hence, it is clear from the absorbance and Rf of the spot that

the solution of piroxicam in ethanol has considerable sta-

bility of 3 day.

The pH of the complex was investigated and found to

be 3.76. The effect of pH on the absorbance of the coloured

complex was studied using Na2HPO4-citric acid (range

2.2-8.0) and sodium acetate-HCl (range 0.65-5.20) buffer

solutions. A constant absorbance value was obtained in the

pH range 3.29-4.39, but the absorbance value in this pH

range was found to be much less than that obtained when

dilution is made with ethanol. Therefore, ethanol was cho-
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Scheme I

Fig. 4. Effect of the concentration of Fe(III) on the

absorbance of the pink coloured complex,

[piroxicam] = 160 �g mL-1.



sen for dilution of the reaction mixture in all measure-

ments.

Specificity and selectivity

The proposed spectrophotometric conditions were

found to be specific in the presence of tablet and capsule

excipients (Table 1). The tolerance limit was determined

when the absorbance value did not exceed 2% on addition

of various ingredients such as glucose, fructose, lactose,

starch, sodium benzoate and phenyl alanine in the presence

of 160 �g mL–1 piroxicam. It is clear from the table that

common excipients present in tablet and capsule formula-

tions did not cause any significant interference.

Linearity

Under the optimized experimental conditions, the ab-

sorbance was plotted against the concentration of piroxicam

and found to be linear over the concentration range 8.0-160

�g mL-1. Table 2 summarized the analytical parameters and

the results of statistical analysis of the experimental data:

regression equation computed from calibration graph, cor-

relation coefficient (r), detection limit and quantitation

limit. The high value of correlation coefficient (0.9999) for

the proposed method indicated excellent linearity.

Precision

The intra- and inter day precisions were evaluated by

determining the concentration of piroxicam at lower, mid-

dle and upper concentration levels for five repeated times

within the same day and on five consecutive days, respec-

tively (Table 3). It can be seen from the table that the % re-

covery and % RSD (intra day and inter day precisions)

were in the ranges of 99.86-100.10% and 0.10-0.73%, re-

spectively. The % recovery and % RSD values showed that

the proposed method is very precise and can be used to ana-

lyze piroxicam in pharmaceutical formulations.

Accuracy

The accuracy of the proposed method was tested by

performing recovery experiments through standard addi-
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Fig. 5. Effect of the solvent on the absorbance of the

pink coloured complex, [piroxicam] = 160 �g

mL-1.

Table 1. Effect of foreign species on the determination of 160 �g

mL-1 piroxicam

Sample

number
Foreign species

Maximum tolerance limit

(mg mL-1)

1 Glucose 0.16

2 Fructose 0.27

3 Lactose 0.30

4 Starch 0.69

5 Sodium benzoate 0.16

6 Phenyl alanine 0.03

Table 2. Optical and regression characteristics of the proposed

method

Parameters Analytical data

�max (nm) 504 nm

Beer’s law limit (�g mL-1) 8-160

Molar absorptivity (L mol-1cm-1) 2.568 � 103

Sandell’s sensitivity 0.0078 �g/cm2/0.001

absorbance unit

Linear regression equationa A = 1.07 � 10-3 + 7.75 � 10-3 C

Sa 1.05 � 10-3

� tSa 2.483 � 10-3

Sb 1.140 � 10-5

� tSb 2.696 � 10-5

Correlation coefficient (r) 0.9999

Variance (So
2) 3.312 � 10-6

LOD (�g mL-1) 0.775

LOQ (�g mL-1) 2.348

a With respect to A = a + bC, where C is the concentration in �g

mL-1 and A is absorbance.

� tSa and � tSb are the confidence limits for intercept and slope,

respectively.



tion technique. The results of analyses are summarized in

Table 4 and Fig. 6. It is evident from the table and the graph

that the linearity of the regression line of the standard addi-

tion method was good. Hence, the proposed method being a

precise one is an accurate too. The most attractive feature

of the proposed method using standard addition method is

its relative freedom from pharmaceutical additives and

excipients.

Ruggedness

The ruggedness of the proposed method was estab-

lished by deliberately changing the solvent and the concen-

tration of ferric sulphate at 160 �g mL-1 piroxicam. The sol-

vent and the concentration of ferric sulphate were chal-

lenged to prove the ruggedness of the proposed method.

� volume of 5.00 � 10-3 M ferric sulphate, 0.8 (� 0.2

mL)

� ethanol

Under these optimal conditions, piroxicam solution

containing 160 �g mL-1 piroxicam (Feldene 10 capsule)

was analyzed by the proposed method. The results showed

the mean % recovery � RSD of 99.96 � 0.24%. The results

indicated the ruggedness of the proposed method.

Evaluation of bias

The applicability of the proposed method for the quan-

titative analysis of piroxicam in feldene-10 tablet and cap-

sule has been tested. The results of the proposed method

were statistically compared with those of the reference
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Table 3. Precision of the proposed method

Parameters Intra day assay Inter day assay

Concentration taken (�g mL-1) 16.00 64.00 144.00 16.00 64.00 144.00

Concentration found (�g mL-1) 16.02 64.02 144.07 15.98 63.97 144.02

Standard deviationa (�g mL-1) 0.11 0.17 0.15 0.12 0.21 0.17

Recovery (%) 100.10 100.03 100.05 99.86 99.95 100.01

Relative standard deviation (%) 0.68 0.26 0.10 0.73 0.33 0.12

a Mean for five independent determinations.
b Confidence limit at 95% confidence level and four degrees of freedom (t = 2.776).

Table 4. Accuracy of the proposed method by standard addition technique in feldene 10 capsule

Concentration (�g mL-1)
Coefficients of linear regression

equation of standard additionFeldene 10 capsule

(Pfizer Pharma)
Standard added Nominal Intercept slope ra

Recoveryb

(%)

32.00 0, 0.1, 0.2, 0.3, 0.4 32.18 0.249 0.00775 0.99996 100.56

64.00 0, 0.1, 0.2, 0.3, 0.4 64.16 0.497 0.00774 0.99997 100.25

a Coefficient of correlation.
b Mean for five independent analyses.

Fig. 6. Recovery of piroxicam by standard addition

technique from feldene 10 capsule (a) 32 and

(b) 64 �g mL-1.



spectrophotometric method16 using point and interval hy-

pothesis tests. Table 5 shows that the calculated t- (paired)

and F-values at 95% confidence level are less than the tabu-

lated t-value (2.036 at � = 8) and F-values (6.39 at � = 4,4),

thus confirming no significant difference between the per-

formance of the proposed method and the reference method

at 95% confidence level. It is also clear from the table that

the bias evaluated by interval hypothesis test by means of

lower limit (�L) and upper limit (�U) are in the range of

0.98-1.02. Therefore, it is concluded that the proposed

spectrophotometric method is applicable for routine qual-

ity control analysis of piroxicam in commercial dosage

forms with acceptable recovery results which are within the

acceptable limit of � 2%.

CONCLUSIONS

The proposed spectrophotometric method is specific,

precise and accurate. The method has the advantage of us-

ing a commonly available solvent i.e. ethanol and ferric

sulphate which is less expensive and non toxic reagent. The

proposed method is avoiding the use of hazardous metal

ion, acid, buffer solution and heating of the reaction prod-

uct as well. Thus, the above-mentioned merits encourage

the application of the proposed method in routine quality

control analysis of piroxicam in industries, research labora-

tories and hospitals.
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