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Introduction 

Piroxicam is a non-steroidal anti-inflammatory 
drug (NSAID) used in the treatment of 
rheumatoid arthritis, osteoarthritis and other 
inflammatory disorders [1, 2]. Several sensitive 
methods by high-performance liquid 
chromatographic (HPLC) techniques have 
been developed for piroxicam determination in 
plasma for pharmacokinetic studies, as very 
low plasma levels of piroxicam are usually 
obtained [3-9]. Nevertheless, there is a need to 
improve these methods in terms of ease of 
sample handling and/or analysis time. With 
that purpose, buffer solutions were avoided as 
a component of the mobile phase. 

Since droxicam is converted into piroxicam 
in the gastrointestinal tract and plasma levels 
of unchanged droxicam are usually not found 
[10] only plasma prioxicam concentrations 
were determined. Nevertheless, a method 
which ensures no interference from droxicam is 
needed. 

The aim of the present study was to develop 
a rapid, simple but sensitive HPLC isocratic 
method for the quantitative determination of 
piroxicam in plasma for use in a comparative 
bioavailability study after a single oral dose of 
droxicam and droxicam concurrently admini- 
stered with an antacid. 

Materials and methods 

Apparatus 
A Merck-Hitachi liquid chromatograph 

equipped with a reversed-phase column, 
LiChrospher 60 RP-Select B (250 x 4 mm i.d. 
particle size 5 Ixm) (Merck, Darmstadt, 
Germany) was used. 

The solvent was delivered by means of a 
Merck-Hitachi pump, Model L-6000, which 
was coupled to a Merck-Hitachi automatic 
injector, Model AS-2000 A (Merck, Darm- 
stadt, Germany). 

A variable wavelength UV-VIS detector, 
Merck-Hitachi, Model L-4200, operated at 
340 nm and at a sensitivity of 0.005 a.u.f.s., 
was used. 

Peak heights were measured by a Hewlett- 
Packard integrator, Model 3390 A (Avondale, 
PA, USA) with a chart speed at 0.1 cm min 

Reagents and standards 
Purified water (Barnstead E-pure purifi- 

cation system, Barnstead Thermolyne, IA, 
USA) and HPLC-grade methanol (Merck, 
Darmstadt, Germany) were used throughout. 
Dichloromethane, 100% acetic acid, hydro- 
chloric acid, sodium sulphate anhydrous and 
sodium hydroxide were of analytical grade 
(Merck, Darmstadt, Germany). 

Piroxicam and droxicam (supplied by Lab. 
OM) were used as reference substances at 
1 mg ml -j in methanol (stock solution). 
Isoxicam (the Sigma Chemical Company, St 
Louis, MO, USA) was used as internal stan- 
dard at 1 mg ml J in methanol (stock 
solution). 

The standard solutions were stored pro- 
tected from light at 4°C. Control plasmas were 

* A u t h o r  to  w h o m  c o r r e s p o n d e n c e  s h o u l d  be  a d d r e s s e d .  
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prepared from working solutions diluted with 
blank plasma at the concentrations of 0.400 
and 0.800 i~g m1-1 . Blank plasma was obtained 
from healthy subjects undergoing no drug 
therapy. 

Mobile phase 
The mobile phase was a mixture of meth- 

anol-water-acetic acid (48:45:7, v/v/v) (pH 
2.47) delivered at a flow rate of 1.1 ml min -1. 
The mobile phase was prepared and degassed 
daily by passing through a 0.45-1~m membrane 
filter (S-Pak filter, Millipore). 

Sample preparation 
To plasma (1 ml) in a 16 × 125 mm screw- 

cap tube, with teflon lining, methanol (100 Ixl) 
containing 2.0 Ixg of internal standard 
(Isoxicam), and 200 I~1 of hydrochloric acid 
1 N were added. 

The tubes were shaken for 30 s at low speed 
(vortex), and 10 ml of dichloromethane were 
added. The tubes were capped and vigorously 
shaken (30 s) and then centrifuged at 2500 
r.p.m, for 5 min at room temperature. 

The aqueous layer was removed by aspir- 
ation and sodium sulphate anhydrous (20 mg) 
was added to the organic phase. 

After filtration (Whatman no. 4) the organic 
phase was completely evaporated to dryness 
under nitrogen (35°C). The residue was recon- 
stituted with 200 Ixl of methanol and fully 
dissolved by a 30 s vortexing. 

A 150-1~1 volume was transferred to an 
Eppendorf tube (1.5 ml), centrifuged (5 min, 
15 000g) and the supernatant was injected onto 
the HPLC System (20 txl). 

Results 

Chromatography 
Figure 1 shows the chromatograms obtained 

for blank plasma (A) together with blank 
plasma spiked with piroxicam (0.800 Ixg ml-l) 
and the internal standard (2.00 txg of isoxicam) 
(B) obtained by means of the described 
methodology. 

Quantitation 
Concentrations of piroxicam in unknown 

samples were determined from the slope of 
calibration plots of the peak height ratio of 
piroxicam/internal standard vs the calibration 
standard piroxicam concentrations. 

Linearity 
The lineratiry of the method was checked for 

piroxicam in plasma (0.300-2.00 Ixg ml-l). 
Peak height ratios (reference to internal stan- 
dard) and analyte concentrations were found 
to be linearly related over this range (Table 1). 

Between-day precision 
Analysis of pooled plasma spiked with pir- 

oxicam (0.400 and 0.800 txg m1-1) gave relative 
standard deviations (RSD) of 5.82 and 3.91, 
respectively (Table 2). 

Recovery 
The mean relative recovery was calculated 

by dividing the concentrations obtained for the 
drug-supplemented plasma by the same 
nominal concentrations utilized for calibration 
curve. The mean relative recovery for pir- 
oxicam in plasma was 100% and ranged from 
94.0 to 108% (Table 3) with a RSD of 3.67%. 
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Figure 1 
HPLC of piroxicam: (1) piroxicam; (2) isoxicam (internal 
standard). UV detection: 340 nm. Column: LiChrospher 
60 RP-Select B (5 p.m). Mobile phase: me thano l -wa te r -  
acetic acid (48:45:7, v/v/v). (A) blank extracted plasma; 
(B) extracted spiked plasma with 0.800 ~g ml -~ of pir- 
oxicam and 2.00 i~g ml -~ of internal standard. 

Extraction reproducibility 
Plasma samples (n = 6), prepared by spik- 

ing blank plasma with 0.400 and 0.800 txg ml -I 
of piroxicam, were extracted and injected once 
on the same day. Mean values of 0.400 and 

Table 1 
Results of linear regression analysis of calibration data 

Plasma 
Piroxicam 

Slope (b) 0.001272 
Intercept (a) 0.0005471 
Standard error of slope (St,) 0.00001670 
Standard error of intercept (S,) 0.03691 
Range (~g ml -~) 0.300-2.00 
Correlation coefficient (r) 0.9988 
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Table 2 
Between-day precision study of Piroxicam in plasma 
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Piroxicam 

Measured value 
Nominal concentration Mean* RSD 
(p~g ml ~) (l~g ml -~) % n+ 

0.400 0.400 5.82 9 
0.800 0.804 3.91 18 

* Mean values of different spiked plasmas analysed on different days. 
-:Number of plasma samples analysed for each value. Experimental conditions as described in the text. 

Table 3 
Percentage of nominal piroxicam concentrations from calibration data 

Spiked value Inversely estimated concentration Mean relative recovery* 
(~g ml -t) (I.E.C.) (p~g ml -~) (%) 

Piroxicam 0.300 0.302 101 
0.400 0.413 1(13 
0.500 0.541 108 
0.600 0.593 98.8 
0.80(I 0.752 94.0 
1.00 0.988 98.8 
1.20 1.205 100 
1.50 1.485 99.0 
2.00 2.018 101 

Mean 100 
RSD (%) 3.67 

*[(IEC)/(Spiked value)] × 100. Two replicate determinations for each concentration. Experimental conditions as 
described in the text. 

Table 4 
Mean values of extraction reproducibility 

Spiked value Mean recovered RSD 
(~g ml -~) (~g mira-') (%) n* 

Piroxicam 0.400 0.400 3.6l 6 
0.800 0.804 2.15 6 

*Number of plasma samples analysed for each value. 
Experimental conditions as described in the text. 

0.804 p,g m1-1 were obtained with a RSD of 
3.61 and 2.15%, respectively (Table 4). 

Discussion and Conclusions 

Different mobile phase compositions were 
evaluated in the present study for their ability 
to separate Px from the internal standard (Ix). 
One of the principal aims on its selection was 
to avoid the use of salt buffer solutions, 
reported by some authors [5, 6, 9]. They are 
more time consuming on its preparation and 
can easily cause disturbances in the analytical 
instrumentation and/or in the life time of the 
column. Methanol,  water and acetic acid were 
used as components of the mobile phase. No 
systematic method of optimization was 
followed except for a trial and error procedure,  

following the general rules of solvent depen- 
dent order  of elution. 

The HPLC method described is selective and 
no endogenous interfering peaks were visible 
in blank plasma (Fig. 1A), The two peaks of 
piroxicam and isoxicam (internal standard) are 
well separated with an isocratic mobile phase 
with retention times of 6.10 and 9.75 rain, 
respectively (Fig. 1B). Moreover,  no inter- 
ference from droxicam was observed by direct 
injection of a mixture of droxicam and pir- 
oxicam which exhibited a resolution factor of 
1.82. To achieve clean samples an extraction 
procedure was used with dichloromethane. 
Recently,  Saeed [8] proposed an on-line solid- 
phase extraction where the plasma is directly 
injected onto the HPLC system. Nevertheless, 
a special column-switching system is necessary. 

To prolong the lifetime of the column by 
protecting it from some interfering substances 
a guard-column was used. The calibration plot 
of peak height ratio (piroxicam/internal stan- 
dard) is linear over the range of 0.300-2.00 ~g 
ml -~ and the precision of the assay is accept- 
able as shown in Table 2. The precision of the 
method,  calculated from the calibration curve, 
shows a relative standard deviation (RSD) of 
3.67%. 
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F i g u r e  2 
Concentration vs time curve of piroxicam in plasma of a 
healthy volunteer who was given a single oral dose of 
20 mg of droxicam (test and reference preparations), in a 
bioavailability study. 

The limit of quantification of the assay is 
2.0 ng when a signal-to-noise ratio of 5 was 
used as criterion for a significant response. 
This corresponds to a concentration of 20 ng 
m1-1 in plasma under the assay conditions 
which is substantially lower than the one 
reported by Milligan [9] but higher than 
Boudinot's [6]. 

The simplicity of the method with the simul- 
taneous utilization of an automatic injector 
allows the processing of over 100 samples in 1 
day, which is an advantage in a bioavailability 

study as a large number of samples have to be 
analysed. 

The method reported here shows good 
characteristics (linearity, recovery, sensitivity 
and precision) and is adequate for the evalu- 
ation of piroxicam in plasma, in pharmaco- 
kinetic studies over the collection period, in 
order to clearly define the absorption and 
elimination phase of piroxicam (Fig. 2). 
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