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Abstract

New spectrophotometric procedures have been established for the quantitation of piroxicam and tenoxicam. The
procedures are based on the reaction between the examined drug and alizarin (I), alizarin red S (II), alizarin yellow
G (III) or quinalizarin (IV) producing ion-pair complexes which can be measured at the optimum wavelength. The
optimization of the reaction conditions is investigated. Beer’s law is obeyed in the concentration ranges 0.05–2.40 �g
ml−1, whereas optimum concentration as adopted from Ringbom plots was 0.12–2.25 �g ml−1. The molar
absorptivity, Sandell sensitivity, detection and quantification limits are also calculated. The correlation coefficient was
�0.9990 (n=10) with a relative standard deviation (R.S.D.) of �1.2, for ten determinations of 1.0 �g ml−1. The
methods are successfully applied to the determination of piroxicam and tenoxicam in their pharmaceutical formula-
tions. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Piroxicam (PX), 4-hydroxy-2-methyl-N-2-2-py-
ridinyl-2H-1,2-benzothiazine-3-carboxamide-1,1-
dioxide (Fig. 1), is a non-steroidal antiinflamma-
tory agent which is widely used in the treatment
of rheumatic disease [1]. Its commercial availabil-
ity for medical use is relatively recent. The proper-
ties and therapeutic efficacy of PX have been
extensively described [2]. The employment of sev-
eral analytical methods (ion selective electrode
voltammetry, spectrofluorometry, chromatogra-
phy, spectrophotometry) for the determination of

PX in pharmaceutical samples and biological
fluids has been proposed [3–10].

Tenoxicam TX, [4-hydroxy-2, methyl-N-
pyridyl-2H-thieno (2,3-e)-1,2-thiazine-3-carbxam-
ide-1,1-dioxide], is a new non-steroidal drug
which has antiinflammatory, analgetic and an-
tipyretic effects. The drug is widely used in the
treatment of rheumatic diseases [11,12]. It is a
derivative of oxicam with a thiophene ring replac-
ing the benzene ring in piroxicam. Tenoxicam
inhibits cyclooxygenase which catalyses the for-
mation of cyclic endoperoxides [13,14]. Liquid
chromatography (LC) is predominantly used for
the determination of the drug in biological fluids.
Dixon et al. [15] reported LC method for the* Tel.: +20-55-235-0996; fax: +20-13-222-578
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determination of tenoxicam in plasma with detec-
tion limit of 0.1 �g ml−1. A very recent LC was
applied to estimate the drug in plasma [16] and in
urine samples [17] using piroxicam as an internal
marker. Stability of tenoxicam in stearate and
lipophilic semi-solid system gel system suitable for
topical ‘soft-patch’ formulations were investigated
by HPLC [18]. The electrochemical behavior of
TX has been investigated [19–22]. Recently, some
spectrophotometric methods were used for its de-
termination [23–26].

The goal of the present work is to develop
spectrophotometric methods that can be used in
laboratories where modern and expensive appara-
tus such as GLC and HPLC are not available.
Moreover, the developed methods are more sim-
ple, rapid, accurate, precise and sensitive for the
determination of PX and TX and to apply the
procedures to various dosage forms. The method
is based on ion pair complex formation between
the drug and alizarin derivatives under
investigation.

2. Experimental

2.1. Apparatus

A JASCO 530 V spectrophotometer with a 10
mm quartz cell was used for all spectrophotomet-
ric measurements and an Orion research model
601 A/digital ionalyzer was used for checking the
pH of phosphate buffer solutions of pH values
2.0–12.0 prepared by the recommended method
[27].

2.2. Reagents

Alizarin, 1,2-dihydroxyanthraquinone (I),
alizarin red S, 3,4-dihydroxy-9,10-dioxo-2-anthra-
cene sulfonic acid (II), alizarin yellow G, 5-(4-ni-
trophenylazo)salicylic acid (III) and quinalizarin,
1,2,5,8-tetrahydroxyanthraquinone (IV) were
Aldrich products and used without further purifi-
cation. A stock solution (2×10−3 M) was pre-
pared by dissolving the appropriate weights of II
and III in doubly distilled water, while that for I
and IV was dissolved in acetone.

Pfizer Egypt Company, Cairo, Egypt, supplied
Piroxicam and its dosage forms (i.e. feldene
tablets, feldene capsules and feldene supposito-
ries). Egyptian International Pharmaceutical In-
dustrial Company, Egypt supplied Tenoxicam and
its pharmaceutical formulations (i.e. Epicotil
tablets and Epicotil suppositories).

Standard stock solution of piroxicam and
tenoxicam, 100 �g ml−1, were prepared by dis-
solving 25 mg of the drug in 250 ml acetone.
2×10−3 M PX and TX solutions were prepared
by dissolving an appropriate weight in 100 ml
acetone in the same manner.

2.3. General procedures

An aliquot containing from 0.5 to 24 �g of PX
or TX were transferred into a 10 ml calibrated
flask. 1.0 ml of 2×10−3 M of reagent IV for both
drugs and I for TX, 3.0 ml 2×10−3 M of reagent
II for both drug and I for PX, and 0.2 ml of III
for both drugs was added to each flask. Four
milliliters of the optimum buffer media of the
optimum pH value for each system as recorded in
Table 1 was added and 2.0 ml of acetone was
added to achieve 30% (v/v) in the final assay
solution. For each system, the optimum time and
temperature as recorded in Table 1 is attained and
completed each flask to 10 ml with water. The
absorbance was measured for each system at the
optimum wavelength (Table 1) against a reagent
blank prepared in the same way without addition
of the examined drug.

2.4. Application to �arious dosage forms

2.4.1. Tablets and capsules
The contents of 20 capsules, or finely ground

Fig. 1. Piroxicam and tenoxicam.
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Table 1
Quantitative parameters for the complexation of PX and TX with alizarin derivatives (I–IV)

PiroxicamParameter

II III IV II II III IV

pH 7.5 6.5 8.2 7.5 6.5 7.5 7.0 8.2
529 355 579 546 531 370 579�max 538

6.0 6.0 0.4 2.0Reagent 2.0 6.0 0.4 2.0
(10−4)

Acetone ratio 30 30 30 30 30 30 30 30
(%)

2.0 2.0 2.0Time (min) 5.05.0 2.0 2.0 5.0
Temperature 60 25 25 25 60 25 25 25

(°C)
24 30 24 28Stability (h) 3024 36 30

0.05–1.50 0.05–1.90 0.05–2.20 0.05–2.40 0.05–1.60Beer’s limits 0.05–1.40 0.05–2.20 0.05–2.40
(�g ml−1)

0.12–2.25Ringbom 0.10–1.40 0.12–1.75 0.10–2.10 0.12-2.25 0.12–1.45 0.12–1.25 0.15–2.00
concentration
(�g ml−1)

3.05×105 1.70×1053.95×105 2.01×105 4.02×105Molar 1.82×105 8.77×104 2.85×105

absorptivity
(l mol−1

cm−1)
0.81 1.58 0.79 1.75 3.64 1.12 1.05 1.88Sandell

sensitivity
(ng cm−2)

13 14 12Detection limit 12 12 14 15 16
(ng ml−1)

5045 47Quantification 40 43 40 45 48
limit (ng
ml−1)

Regression equationa

0.63 1.26 0.57 0.28 0.89 0.95Slope 0.530.81
0.011 0.009 −0.003 0.01−0.007 −0.005Intercept −0.008 0.006

0.0018 0.0026 0.0013R.S.D. of 0.0017 0.0022 0.0025 0.0011 0.0020
slope

0.0029 0.0032 0.0018 0.0023R.S.D. of 0.0030 0.0031 0.0019 0.0028
intercept

0.9991Correlation 0.9992 0.9990 0.9994 0.9996 0.9990 0.9996 0.9995
coefficient
(r)

1.00 1.20 0.80 1.10R.S.D. (%)b 1.200.90 1.00 1.10
0.75 0.90 1.30 1.29 1.00 1.10Range of error 0.80 0.75

(%)

a A=a+bC (where C is the concentration of drug in �g ml−1).
b Average of ten determinations.

tablets were weighed and mixed. An amount of
the tablet powder, or capsule powder equivalent
to 250 mg of PX or TX was weighed, dissolved in

acetone and any remaining residue was removed
by filtration. The clear solution was diluted to 250
ml with acetone in a 250 ml calibrated flask. The
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drug content of this solution was obtained by
applying the general procedure to aliquot contain-
ing 1.0 �g ml−1 of the drug as described above

2.4.2. Suppositories
At least ten suppositories were weighed, cut

into small pieces and transferred to a small porce-
lain dish. They were melted by stirring in a water
bath to homogenize and cooled; then weighed
portions equivalent to 25 mg PX, or TX were
transferred into a beaker, melted and dissolved in
acetone, by stirring using a magnetic stirrer at
60�1.0 °C. The solution was cooled, filtered,
diluted to 250 ml with acetone in a 250 ml cali-
brated flask and analyzed as described above un-
der the general procedure.

2.5. Stoichiometric relationship

Job’s method of continuous variation was em-
ployed; a 2×10−3 M standard solution of PX or
TX and 2×10−3 M solution of reagents (I–IV)
were used. A series of solutions were prepared in
which the total volume of drug and reagent was
kept at 2.0 ml. The reagents were mixed in various
proportions and diluted to volume in a 10 ml
calibrated flask with the appropriate solvent fol-
lowing the above mentioned procedure.

3. Results and Discussion

3.1. Absorption spectra

The absorption spectra of PX or TX and their
complexes with alizarin derivatives (I–IV) under
the optimum conditions are shown in Fig. 2. The
absorption band of the reagent showed �max at
442, 445, 336 and 491 nm, whereas that of PX
complexes are located at 538, 529, 355 and 579
nm and TX complexes at 546, 531, 370 and 579
nm, respectively, where the reagent gives almost
zero absorbance. However, in all instances, the
absorbance was measured at those �max against a
reagent blank prepared under identical
conditions.

Investigations were carried out to establish the
most favorable conditions to give a highly intense

color and to achieve maximum color development
in the quantitative determination of the examined
drugs. The influence of each of the following
variables on the reaction was tested.

3.1.1. Effect of pH
The effect of pH on the drug reagent system

was studied over the pH range 2.0–12 using dif-
ferent types of buffer solutions (acetate, borate,
universal, phosphate and thiel buffers [27]). Phos-
phate buffer solution is used to maintain the
optimum one to give highest absorbance value in
addition to the stability of the color without
affecting the absorbance in the pH range 6.5–8.5.
For PX complexes, the pH 7.5, 6.5, 8.2 and 7.5
were used for I, II, III and IV, respectively,
whereas for TX complexes, the optimum pH val-
ues were 6.5, 7.5, 7.0 and 8.2, respectively. More-
over, the optimum volume of buffer solution
added to 10 ml to give constant absorbance value
was also studied and found to be 4.0 ml.

3.1.2. Effect of reagent concentrations
When the general procedure was followed with

varied amounts of 2×10−3 M reagent solution,
maximum and constant absorbance was obtained
with 1.0 ml for PX complex with reagent IV and
TX with I and IV. For PX complexes with I and
II or TX with II, 3.0 ml 2×10−3 M reagent gave
the highest absorbance values. For reagent III

Fig. 2. Absorption spectra of the ion pairs of 1.0 �g ml−1 of
PX or TX complexed with reagents (I–IV) against reagent as
blank.
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complexes with PX and TX, 0.2 ml only gave the
highest and constant absorbance.

3.1.3. Effect of sol�ent
The solvents studied were methanol, ethanol,

propanol, acetone, dioxane and dimethylfor-
mamide. Methanol and acetone gave the maxi-
mum color intensity but acetone stabilized the
formed complex for a longer time. The maximum
and stable absorbance value is obtained with 30%
acetone (v/v). A higher level of acetone than 40%
caused a decrease of absorbance value.

3.1.4. Effect of time and temperature
The optimum reaction time was determined by

following the color development at ambient tem-
perature (25�2 °C). Complete color develop-
ment was attained after 2.0 min for PX with
reagents II, III and IV and also for TX with
reagent II and III, whereas for TX with reagent
IV maximum color intensity was attained after 5.0
min. Other complexes take from 60 to 75 min for
completion. To minimize the reaction time, the
reaction mixture was heated in a water bath of
different temperature at different time. Complete
color development was obtained after heating for
5.0 min at 60�1 °C for PX and TX with reagent
I. The absorbance remains constant for at least 24
h.

3.1.5. Sequence of additions
The most favorable sequence is ‘drug–reagent–

buffer–acetone’ for the highest absorbance and
stability. Other sequences needed longer time in
addition to lower stability. The complexes with
this sequence remain stable for at least 24 h.

3.2. Stoichiometric ratio

The molar ratio of drug to reagent (I–IV) in
the complex was determined by Job’s method of
continuous variations, which was found to be 1:1.
The conditional stability constants (log K), calcu-
lated with Harvey and Manning equation [28]
applying the data obtained from the continuous
variation method, was calculated and recorded in
Table 1.

3.3. Effect of interferences

To assess the usefulness of the method, the
effect of additives, diluents and excipients that
often accompany PX and TX in their dosage
forms (lactose, glucose, saccarose, glycerol, mag-
nesium streate, propylene glycol and starch) was
studied. The results indicated that up to 150 fold
excess of them do not interfere (absorbance
change by �3.0% is non-interference). Also there
is no interference from the degradate product
resulted from thermal or hydrolytic degradation,
indicating a high selectivity for determining PX or
TX in their pharmaceutical formulations, in addi-
tion to a high stability indicating assay.

3.4. Analytical data

Under the optimum experimental conditions,
there was a linear relationship between ab-
sorbance and drug concentration in the range
0.05–2.4 �g ml−1 with a correlation coefficient
(r)�0.9990 (Table 1). For more accurate analysis
Ringbom optimum concentration range was cal-
culated and recorded in Table 1. The regression
equation, the apparent molar absorptivity and
Sandell sensitivity were also calculated from the
calibration graph applying least square method
(Table 1).

The reproducibility of the proposed methods
was determined by running ten replicate samples,
each containing 1.0 �g ml−1 of PX or TX in the
final assay solution. At this concentration, the
relative standard deviations (R.S.D.) are calcu-
lated and recorded in Table 1.

The relative sensitivities of the four reagents
can be determined by comparing the molar ab-
sorptivities of the chromogens (Table 1). Reagent
III exhibited the most intense bands and were,
therefore, selected for all further study.

In order to determine the accuracy and preci-
sion of the proposed methods, solutions contain-
ing four different concentrations of PX and TX
were prepared and analyzed in quintuplicate. The
measured standard deviations (S.D.) (s), R.S.D.
(Sr), the standard analytical errors and confidence
limits (Table 2) can be considered satisfactory, at
least for the levels of concentrations examined.
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Table 2
Evaluation of accuracy and precision of the proposed method

Found (�g ml−1)aIon pair S.E.Taken (�g ml−1) Confidence limits

O P S Sr (%)

0.305 0.298 0.05 0.67I-PX 0.0200.3 0.298�0.060
0.611 0.604 0.070.6 0.83 0.029 0.604�0.080

0.9 0.885 0.905 0.04 0.55 0.016 0.905�0.050
1.2 1.225 1.192 0.03 0.49 0.012 1.192�0.035

0.394 0.4034 0.080.4 1.11I-TX 0.033 0.4034�0.095
0.790 0.805 0.06 0.90 0.0240.8 0.805�0.070
1.185 1.196 0.091.2 1.35 0.037 1.196�0.110

1.6 1.580 1.610 0.05 0.76 0.020 1.610�0.060
0.2II-PX 0.203 0.201 0.07 1.05 0.029 0.201�0.080

0.712 0.695 0.060.7 0.88 0.024 0.695�0.070
1.220 1.208 0.09 1.361.2 0.037 1.208�0.110
1.678 1.710 0.041.7 0.63 0.016 1.710�0.050

0.1II-TX 0.097 0.101 0.06 0.91 0.024 0.101�0.070
0.5 0.505 0.497 0.10 1.45 0.41 0.497�0.120

0.914 0.894 0.090.9 1.27 0.037 0.894�0.110
1.320 1.310 0.07 1.08 0.029 1.310�0.0801.3
0.493 0.504 0.040.5 0.65III-PX 0.016 0.504�0.050

1.0 0.990 1.007 0.08 1.20 0.033 1.007�0.095
1.5 1.515 1.495 0.03 0.52 0.012 1.495�0.035

2.020 1.991 0.052.0 0.74 0.020 1.991�0.050
0.607 0.595 0.03III-TX 0.560.6 0.012 0.595�0.035
1.111 1.104 0.061.1 0.80 0.024 1.104�0.070

1.6 1.585 1.610 0.07 0.98 0.029 1.610�0.080
2.1 2.080 2.112 0.04 0.58 0.016 2.112�0.050

0.296 0.302 0.090.3 1.29IV-PX 0.037 0.302�0.110
0.908 0.897 0.12 1.60 0.0500.9 0.897�0.140
1.515 1.494 0.101.5 1.45 0.041 1.494�0.120

2.2 1.225 2.210 0.08 1.33 0.033 2.210�0.095
0.2IV-TX 0.203 0.199 0.08 1.10 0.033 0.199�0.095

0.890 0.905 0.100.9 1.44 0.041 0.905�0.012
1.583 1.591 0.07 1.00 0.0291.6 1.591�0.080
2.425 2.390 0.09 1.182.4 0.037 2.390�0.110

a Average of six determinations.

The S.D. of the absorbance measurement was
0.0032 obtained from a series of 13 blank solu-
tion. The limits of detection (K=3) and of deter-
mination (K=10) of the method were established
according to the IUPAC definitions (C1=KSo/s
where C1 is the limit of detection, So is the
standard error of blank determination, s is the
slope of the standard curve and K is the constant
related to the confidence interval) [29]. The calcu-
lated values were recorded in Table 1 for all
drug-reagent CT complexes. The R.S.D. were ob-
tained from a series of 10 standards each con-

taining 1.0 �g ml−1 of drug and the results are
recorded in Table 1.

3.5. Analytical applications

The proposed procedures were successfully ap-
plied to various dosage forms, viz. tablets, cap-
sules and suppositories. The results are recorded
in Table 3, and compared statistically with the
official methods [30]. For further confirmation,
the standard addition method was applied to test
the reliability and recovery of the proposed proce-
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dures, since the ion-pair complexes are stable for
at least 24 h. The recovery studies were carried out
after adding known quantities of pure drug to the
preanalyzed formulations. The percentage recover-
ies were found to be close to 100% (Table 3). The
high percentage recoveries indicate no interferences
from ingredients and excepients that might be
found in different formulations. Consequently, the
methods are simple, rapid and stability indicating
assay.

The results obtained from the proposed proce-
dures were compared with those obtained using the
official method [30]. The accuracy via t-value and
the assessment of precision via F-test for 5° of
freedom and 95% confidence level were calculated
and the results indicated that there is no signifi-
cance difference between them (Table 3). More-
over, the proposed methods are more stable (at
least for 24 h) than the official method [30].

4. Conclusion

It is clear that alizarin derivatives (I–IV) are
highly sensitive reagents for the determination of
PX and TX compared with other reagents [8,23–
25]. Although the methods using other reagents
[7,26] are more sensitive compared with the pro-
posed procedures, the latter is more time consum-
ing (maximum time is 5.0 min), in addition to high
stability and tolerance limits for additive and
excepients. Although the color development of
reagent I-PX and I-TX ion pairs at room temper-
ature requires from 60 to 75 min for completion,
this can be shortened to 5.0 min by raising the
temperature to 60 °C. The relative sensitivities of
the four reagents can be determined by comparing
the molar absorptivities of the chromogens (Table
1). Reagent III exhibited the most intense bands
and were, therefore, selected for all further study.

The present procedures used a relatively small
amount of drug, and are simple, direct, fast,
accurate and applicable over a convenient range of
concentrations of PX and TX. Therefore, these
procedures can be recommended for routine qual-
ity control analysis of PX and TX. The procedures
are considered as a stability-indicating assay since
there are no interferences from other ingredients.
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