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Introduction 

Piroxicam (4-hydroxy-2-methyl-N-(2-pyridyl)- 
2H-1,2-benzothiazine-3-carboxamide-l,l-di- 
oxide) (Fig. 1) is a non-steroidal anti- 
inflammatory and analgesic agent. Its efficacy 
has been demonstrated in humans for the 
treatment of various inflammatory diseases 
and arthropathies, such as rheumatoid arthritis 
and osteoarthritis. Several methods for the 
detection and quantitation of piroxicam in 
biological fluid have been developed. These 
methods involve reversed-phase l?PLC with 
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UV detection [l-9]. Most of these methods 
required liquid-liquid extraction with evapor- 
ation of the extract, an on-line solid-phase 
extraction procedure has also been described 
[2]. Furthermore, rapid HPLC procedures 
have been developed to quantify piroxicam in 
human plasma [9] and in plasma and blood of 
small laboratory animals [ 11. 

This report describes a rapid and repro- 
ducible method for the determination of pir- 
oxicam in plasma. The sample preparation 
only involves protein precipitation, lipid 
extraction and centrifugation, no evaporation 
step is required. This method was validated 
according to GLP guidelines [lo- 131. 

Experimental 

Materials 
Piroxicam was obtained from Pfizer labora- 

tories (Paris, France). The internal standard 
(ketoprofen) was obtained from the Sigma 
Chemical Company (St Quentin Fallavier, 
France) (Fig. 1). Stock solutions of piroxicam 
and ketoprofen (0.1 and 4 mg ml-‘, respect- 
ively) were prepared in methanol. Aceto- 
nitrile, dichloromethane and methanol were of 
HPLC grade (SDS, France). Disodium hydro- 
genphosphate, orthophosphoric acid were all 
analytical grade and were purchased from 
Merck (Darmstadt, Germany). The buffer (pH 
8) consisted of 0.04 M disodium hydrogen- 
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phosphate in aqueous solution, adjusted with 
orthophosphoric acid to pH 8. 

Pooled plasma samples from healthy volun- 
teers were used for the validation of the 
method. 

Instrumentation 
Analysis by HPLC was performed using a 

Gilson instrument with a model 805 mano- 
metric module, a model 305 pump, an auto- 
matic sample injection system (Gilson 232) 
equipped with a 50-ul loop, a stainless-steel 
column (250 x 4.6 mm i.d.; SFCC, Neuilly 
Plaisance, France) packed with Spherisorb 
ODS (5 km), and a guard column (20 x 
4.6 mm i.d.; SFCC, Neuilly Plaisance, France) 
packed with Spherisorb C8 (10 pm) placed just 
before the inlet of the analytical column. All 
the chromatographic conditions were con- 
trolled using the GME 712 Gilson software. 
The eluent was monitored with a variable 
wavelength UV detector (model SPD-6AV; 
Shimadzu Instruments, Touzart Matignon, 
France) operated at 360 nm. 

Chromatographic conditions 
The mobile phase, containing 60 parts buffer 

solution and 40 parts methanol, was degassed 
ultrasonically before use. Buffer solution and 
methanol were filtered through a membrane 
filter (0.45 pm; Millipore, Molsheim, France). 
The oven temperature was 5o”C, and the flow 
rate was 1 ml min-‘, which corresponds to a 
pressure of about 175 bars. 

Extraction procedure 
After thawing, plasma samples (0.5 ml) 

were spiked with internal standard solution 
(20 ~1) and homogenized. Acetonitrile 
(0.5 ml) was added to all samples and the 
mixture was mixed by vortex for 10 s, then all 
vials were centrifuged at 1500 g for 10 min. An 
aliquot (0.8 ml) of the supernatant was 
pipetted into a 10 ml glass tube then 5 ml 
dichloromethane was added. The extracts were 
vortex mixed for 30 s then centrifuged for 10 
min. The aqueous solution was separated and 
50 ~1 of this solution were injected into the 
chromatograph. 

Instrument calibration 
Calibration standards for control plasma 

were prepared using concentrations of 0.3,0.4, 
1, 2, 3, 4 and 8 pg ml-’ in human plasma. The 
standard samples were prepared by adding 

appropriate volumes of piroxicam solution. 
The volume added was always smaller than or 
equal to 2% of total volume of the sample, so 
that the integrity of the sample was 
maintained. 

These standards were treated concurrently 
and in the same manner as the unknown 
samples to be analysed. 

Data analysis 
For plasma, the ratio of the peak height of 

piroxicam to that of internal standard was used 
as the assay parameter. Peak height ratios were 
plotted against theoretical concentrations. 
Standard calibration lines were obtained from 
unweighted least-squares linear regression 
analysis of the data. 

The linearity of the method was statistically 
tested. 

Precision and accuracy 
Between- and within-run accuracy and pre- 

cision in human plasma were assessed by 
performing replicate analysis of spiked samples 
(0.6, 3, 6 kg ml-‘) against calibration stan- 
dards. The precision and accuracy of the 
method were calculated as percentage devi- 
ation of observed concentration from theor- 
etical concentration and absolute error, 
respectively. 

Recovery 
The extraction efficiency (recovery) was 

determined by computing the ratio of the 
amount of the extracted compound from drug- 
free plasma spiked with known amounts of 
piroxicam (0.3, 2, 8 pg ml-‘) to the amount of 
the compound added at the same concen- 
trations to water just before HPLC injection. 

Determination of the limit of quantitation 
CLOQ) 

The LOQ was determined from the peak 
and the standard deviation of the noise level. 
The LOQ was defined as the sample concen- 
tration of piroxicam resulting in a peak height 
of lo-times the noise level. The estimate of 
noise level was determined by extrapolation to 
zero. To determine the analytical error on the 
LOQ, spiked plasma was used. 

Stability study 
The stability of piroxicam was assessed 

during all the storage steps and during all steps 
of the analytical method. 
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During the first days of the study, quality 
control samples (in plasma) were spiked with 
standard solutions of piroxicam (0.6, 3 and 
6 t_~g ml -I). Then the aliquoted quality control 
samples were placed in freezer storage at 
-20°C and randomly removed at various times 
in each analytical sequence during a 1 month 
period. The ambient stability in the auto- 
sampler was assessed for all concentrations of 
the calibration curve after 12 and 24 h. 

analytes (Fig. 2a). An HPLC chromatogram of 
plasma sample is shown in Fig. 2(b). 

Linearity 
The peak height ratio of piroxicam to 

internal standard varied linearly with the con- 
centration over the range used (0.3-g p_g ml-‘) 
(Table 1). The linearity of this method was 
statistically confirmed. For each calibration 
curve, the intercept was not statistically differ- 
ent from zero. The correlation coefficients (Y) 
for calibration curves were equal to or better 
than 0.997. The relative standard deviation 
(RSD) values of the slope were equal to or 
better than 6%. For each point of calibration 
standards, the concentrations were recalcu- 
lated from the equation of the linear regression 
curves (experimental concentrations). Inter- 
and intraday variabilities in plasma containing 
piroxicam at concentrations of calibration 

Results 

Retention times 
Observed retention time were 4.4 and 8.6 

min for piroxicam and ketoprofen, respect- 
ively. The capacity factors were 2.10 for 
piroxicam and 5.06 for internal standard. 
There were no interfering peaks in control 
plasma at the retention time of the respective 
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Figure 2 
Representative chromatograms of blank plasma (a) and of plasma sample from an arthritis patient containing 4.39 wg 
ml-’ of piroxicam. Peaks: (I) piroxicam; (2) ketoprofen. For chromatographic conditions. see text. Analysis: 20 mV FS. 
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in range of the standard series (0.6, 3, 6 mg 
I-‘). The precision and accuracy of the 
method are presented in Table 4. 

Recovery 
In the range of calibration standards, the 

mean recovery of piroxicam was 95 + 3.8% 
(n = 9). 

Limit of quantitation 
The limit of quantitation was 0.3 kg ml-’ for 

piroxicam. At this level, the relative standard 
deviation (RSD) was lower than 15%. 

Limit of detection 
The limit of detection which represents a 

signal noise ratio of 3:l was 0.1 p.g ml-‘. 

Stability 
The stability of piroxicam in the autosampler 

was checked after 12 and 24 h at room tem- 
perature, for each point of calibration stan- 
dards in plasma. For all concentrations, no 
significant difference appeared between t = 0, 
t= 12handt=24h. 

The stability of piroxicam in plasma was also 
assessed after 30 days of cold storage (frozen at 
-25°C). No significant difference appeared. 

Discussion and Conclusion 

The present HPLC method involves a rapid 
assay for the determination of piroxicam in 
plasma. Its limit of quantitation is similar to 
that reported by Troconiz et al. [l] in rat 
plasma but better than the one reported by 
Michotte et al. [9] (0.3 pg ml-’ instead of 
0.5 kg ml-‘). This technique is extremely 
simple and has good reproducibility, recovery 
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and accuracy. It has been validated according 
to the report of the conference on analytical 
method validation [lo]. 

This method is sufficiently sensitive to 
monitor plasma levels of piroxicam following 
administration of a 20-mg dose. It has been 
successfully applied to check the compliance to 
treatment for patient with rheumatological 
disorders. 
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