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Pharmacokinetic profiles of two tablet formulations of piroxicam
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Abstract

There is considerable interest in developing new non-steroidal anti-inflammatory drugs (NSAIDs) formulations with faster
onset of analgesic action like fast dissolving tablets. An open-label, randomized, single dose, crossover study with a 18 days
washout period was conducted in 16 healthy volunteers to compare the pharmacokinetic profile of 20 mg piroxicam freeze-dried
tablet (Proxalyoc®, Cephalon) with that of 20 mg piroxicam capsule (Feldène®, Pfizer).
Tlag with freeze-dried tablet was three times shorter than with capsule (21.6 min versus 59.4 min). Mean AUC0–30 min, mean

AUC0–1 h, mean plasma concentrations at 15 min, 30 min and 1 h post-dose were significantly higher with the freeze-dried tablet
than with the capsule, indicating that piroxicam was more rapidly absorbed from the freeze-dried tablet with higher plasma
concentrations achieved at shorter intervals after dosing. The 90% confidence intervals of the ratios of meansCmax, AUC0–t,
AUC0–∞ andT1/2 all fell within the acceptance range of 0.8–1.25, demonstrating the bioequivalence of the two formulations.

Although the bioavailability of the two formulations was similar, the administration of piroxicam as a freeze-dried tablet gave
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much faster absorption rate during the first hour after dosing than the capsule formulation. This faster absorption is a
dvantage for the treatment of acute episodes of pain.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Piroxicam is a well-established non-steroidal
nti-inflammatory drug (NSAID) exhibiting anti-

nflammatory, analgesic and antipyretic properties. It is
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widely used in rheumatic diseases because of its p
anti-inflammatory properties and long half-life (ab
50 h) offering the convenience of a once-daily adm
istration (Woolf and Radulovic, 1989). In France, th
reference-marketed product is Feldène® 10 and 20 mg
capsules. Following a single oral administration o
capsule, the maximal concentrations are achieve
post-dose but this time fluctuates between 1 and
depending on each individual. Consequently, the
considerable interest in developing new NSAIDs
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mulations with faster onset of analgesic action (Lee and
Balfour, 1994; Piscitelli et al., 1998).

A fast dissolving oral formulation of piroxicam
(freeze-dried 20 mg tablet) was developed and mar-
keted by Cephalon France (Proxalyoc®). This formu-
lation shows, in addition to the common properties of
freeze-dried products (good stability, rapid dispersion
or dissolution and release of initial drug properties),
the following therapeutic benefits improved bioavail-
ability, improved observance and rapid onset of action
(Jaccard and Leyder, 1985; Leyder and Nguyen, 1990).
Because the oral mucosa is highly vascularized, drugs
that are absorbed through the oral mucosa directly enter
the systemic circulation, bypassing the gastrointestinal
tract and first-pass metabolism of the liver. This results
in a rapid onset of action via a more comfortable and
convenient delivery route than the intravenous route
(Zhang et al., 2002).

Previous clinical studies showed that a fast-
dissolving formulation of piroxicam administered by
sublingual route was bioequivalent to the standard cap-
sule formulation (Ronca et al., 1994). Moreover, the
onset of analgesic effect was faster than that of classi-
cal NSAIDs for the treatment of post-extraction dental
pain (Dolci et al., 1993; Selcuk et al., 1998) and acute
osteoarthritis flares (Consoli et al., 1994).

The primary aim of this study was to compare the
early pharmacokinetic profile (1 h after administration)
of the freeze-dried tablet (Proxalyoc®) to the early
pharmacokinetic profile of the standard piroxicam cap-
s
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All cardiovascular measurements and laboratory val-
ues at screening were within prescribed limits.

The study was designed as a randomized, open,
non-placebo controlled, single dose, crossover study
in 16 healthy volunteers. Each subject underwent suc-
cessively the two study periods in a randomized order
according to a crossover design. This study was without
direct individual benefit and each subject was consid-
ered as his own control. In the first session, the subjects
received either one freeze-dried tablet or one capsule
of piroxicam. In the second session, they were crossed
over to receive the other formulation. The two treat-
ment periods were separated by a washout period of at
least 18 days.

Each study session comprised 8 days. The subjects
arrived at the Clinical Center on the evening of day 1
and remained in the unit until 24 h after the administra-
tion of 20 mg piroxicam. Blood samples were taken at
pre-dose (−1 h) and 5, 10, 15, 20, 30 and 45 min, and
then 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 24, 72, 120 and 168 h
post-dose. Subjects were discharged from the unit on
the morning of day 2 and they returned to the Clinical
Center at days 4, 6 and 8 in ambulatory conditions for
the last three blood samples (72, 120 and 168 h post-
dose).

During each hospitalization period, the subjects re-
mained under constant medical surveillance by a physi-
cian. During the two study sessions, the subjects main-
tained daily contact with the clinical investigator and
reported any adverse events, whether related or not to
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ule (Feld̀ene®).

. Materials and methods

Sixteen healthy male Caucasian volunteers (a
8–30 years) were included in the study, after h

ng undergone a thorough medical examination.
linical trial was performed in accordance with
uidelines set by the World Medical Assembly (D

aration of Helsinki). All volunteers gave written i
ormed consent to participation in the study, after h
ng been informed of the nature and implications
he trial. A total of 16 male healthy subjects comple
his study. There were no dropouts. Their mean
as 24.8± 3.8 years (range 21–30 years), their m
eight was 72.4± 7.3 kg (range 64–84 kg) and th
ean height was 180.6± 6.7 cm (range 167–192 cm
he ongoing drug treatment in his opinion. Medica
as forbidden over the period starting from 2 we
efore the trial (3 months for enzyme-inducing or
ibiting drugs) and ending 2 days after the study e

An indwelling catheter was used for blood samp
uring day 1, remaining blood samples were obta
y puncture of a forearm vein. The 5 mL of blood w
ollected in evacuated polypropylene tubes contai
odium heparinate. Immediately after blood collect
he tubes were centrifuged for 10 min at 1500×g at
4◦C. After centrifugation, at least 2 mL plasma w
apidly transferred into two polypropylene tubes
tored in appropriately labeled freeze resistant ba
20◦C until sent to the analytical laboratory.
The assay of piroxicam in plasma was perform

y a validated high performance liquid chromat
aphy (HPLC) method with UV detection. A Nuc
sil C18 column (5�, 150× 4.6 mm, Hypersil) an
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a mobile phase consisting of an acetonitrile-distilled
water–acetic acid (58/38/4, v/v/v) mixture were used.
The flow rate was 1 mL/min and the effluent was mon-
itored at 365 nm.

Before any assay, the specificity, the linearity and the
repeatability of the method were demonstrated and the
limit of quantification and detection were determined.
Calibrations curves were linear in the range from 0.1
to 10�g/mL. The detection limit was 0.03�g/mL for
plasma piroxicam. The limit of quantification (corre-
sponding to the last point of the calibration curve with
a coefficient of variation (CV) lower than 10%) was
0.1�g/mL (CV = 0.74%). Plasma concentrations be-
low the limit of quantification at early time points were
set to zero. Plasma levels below the limit of quantifi-
cation in the terminal samples were excluded from the
analysis.

The following early pharmacokinetic parameters
were determined for the first hour following adminis-
tration: the lag time estimated directly from experimen-
tal data (Tlag), the area under the concentration–time
curve from 0 to 30 min and to 1 h post-dose accord-
ing to the linear trapezoidal method (AUC0–30 minand
AUC0–1 h) and the plasma concentrations measured at
15 min, 30 min and 1 h post-dose (C15 min, C30 min and
C1 h).

For the overall assessment period, the maximum
plasma concentration (Cmax) and the time to reach the
maximal plasma concentration (Tmax) were directly
obtained without interpolation from the experimental
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equal to zero, precluding logarithmic transformation
for the analysis of variance. Moreover, the values were
not normally distributed.

The pharmacokinetic parametersCmax, AUC0–t,
AUC0–inf andT1/2 were analyzed by a four-way anal-
ysis of variance (ANOVA). The factors of the model
were the treatment, the sequence of administration, the
subject within sequence and the period. Prior to all anal-
ysesCmax, AUC0–t and AUC0–inf were log transformed.
T1/2 was directly analyzed without log transformation.

The 90% confidence intervals for the formulation
means ratio, used for the assessment of the bioequiv-
alence of the two formulations were calculated in the
standard way. The 95% Westlake’s symmetric confi-
dence intervals were also calculated.
Tlag and Tmax were analyzed using the non-

parametric Friedmann’s test.

3. Results

Tolerance of each medication was excellent over
the entire treatment period. A total of two non-serious
adverse events occurred in two subjects, namely one
episode of rhinitis of discreet intensity and one episode
of headache of medium intensity whose relationship to
study drug was judged, respectively, by the investigator
as excluded or doubtful.

Mean plasma concentrations of piroxicam are de-
picted inFig. 1 for the first hour following the admin-
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lasma concentration data as a function of time.
pparent half-life was calculated by application of
quation:T1/2 = ln 2/z(wherezcorresponds to the elim

nation rate constant estimated by log-linear regres
f the terminal part of the curve). The area under
oncentration–time curve (AUC0–t) was computed us

ng the linear trapezoidal rule from zero to the last m
urable concentration. The extrapolated area unde
oncentration–time curve (AUC0–inf) was calculate
y addition of the residual area (Ct/z) to AUC0–t, where
t corresponds to the last measured concentratio
Calculations were performed by no

ompartmental approach using WinNonLin® software
ersion 3.0.

The early pharmacokinetic parameters: A
0–30 min, AUC0–1 h, C15 min, C30 min and C1 h were
ompared using the non-parametric test (Ma
hitney’s test). Some values of these parameters
stration and inFig. 2for the overall assessment per
0–168 h). The first 0–1 h portion of the plasma cur

ig. 1. Mean plasma concentration of piroxicam over the 0–1
iod after single 20 mg oral dose in 16 healthy subjects as one fr
ried tablet (�) or as one capsule (�) of piroxicam.
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Fig. 2. Mean plasma concentration of piroxicam over the 0–168 h
period after single 20 mg oral dose in 16 healthy subjects as one
freeze-dried tablet (�) or as one capsule (�) of piroxicam.

(Fig. 1) indicated that piroxicam was more rapidly ab-
sorbed from the freeze-dried tablet than from the refer-
ence capsule, the peak level was reached within 3 h af-
ter administration of the freeze-dried tablet compared
to 4 h after the reference capsule. Moreover, the av-
erage levels observed from 0.5 to 1 h post-dose were
markedly higher after the freeze-dried tablet than af-
ter the capsule by factors 4 and 1.9, respectively. Upon
completion of the absorption phase, the mean plasma
concentration curves corresponding to the two formu-
lations over the 168 h post-dose were virtually super
imposable.

The early mean pharmacokinetic parameters af-
ter administration of one freeze-dried tablet or
one capsule of piroxicam are shown inTable 1.
The mean (±S.E.M.) Tlag with the freeze-dried
tablet was 0.36± 0.04 h. This was significantly
shorter than the value observed with the cap-

sule formulation: 0.99± 0.10 h (p= 0.001 by Fried-
mann’s test). The AUC0–30 min and AUC0–1 h val-
ues with the freeze-dried tablet (68.58± 17.73 and
331.69± 53.73 ng h/mL, respectively) were signifi-
cantly higher than that of the capsule formulation
(7.49± 5.09 and 116.58± 44.71 ng h/mL;p= 0.0001
and 0.001, respectively). The mean plasma piroxi-
cam concentrations observed, respectively, at 15 min,
30 min and 1 h post-dose (C15 min, C30 min andC1 h)
were markedly higher with the freeze-dried tablet than
with the capsule formulation (by a factor 4.3 at 30 min:
328.75± 62.10 ng/mL versus 76.25± 56.73 ng/mL
and a factor 1.9 at 1 h: 724.00± 98.09 ng/mL versus
377.63± 102.76 ng/mL). The Mann–Whitney’s test
showed a significant difference between the two for-
mulations forC15 min, C30 min and C1 h (p= 0.0035,
p= 0.0001 andp= 0.0114, respectively).

The pharmacokinetic parameters for the overall as-
sessment period are shown inTable 2. The mean
values of the time to reach peak plasma concen-
tration of piroxicam were similar for the freeze-
dried tablet formulation and the capsule formulation
(4.78± 0.75 h versus 5.22± 0.73 h). The Friedmann’s
test demonstrated no significant difference between
the two formulations for this parameter. The max-
imum mean plasma concentration with the freeze-
dried tablet was 1812.00± 80.76 ng/mL. This value
was not significantly different from the value of
1900.31± 96.20 ng/mL observed with the capsule for-
mulation (ANOVA). Similarly, the AUC0–t, AUC0–inf
a
d la-
t nce
(

Table 1
Early plasma pharmacokinetic parameters of piroxicam after a single e reference
capsule in 16 healthy subjects

Parameter mean± S.E.M.
(mininum–maximum)

Freeze-dried tablet

Tlag (h) 0.36± 0.04 (0.17–0.75)
AUC0–30 min(ng h/mL) 68.58± 17.73 (0–261.24) st)
AUC0–1 h (ng h/mL) 331.69± 53.73 (77.13–845.49) t)
C15 min (ng/mL) 138.06± 53.51 (0–734.00) est)
C30 min (ng/mL) 328.75± 62.10 (0–930.00) st)
C1 h (ng/mL) 724.00± 98.09 (197.00–1566.00) est)

S direc a
c n; AUC0–1 in to
1 ations ation.
.E.M., standard error of the mean;Tlag, lag time estimated
oncentration–time curve from 0 to 30 min after administratio
h after administration;C15 min, C30 min andC1 h, plasma concentr
ndT1/2 values (49.44± 5.35 h versus 53.11± 4.54 h)
id not significantly differ between the two formu

ions according to the results of the analysis of varia
Table 2).

dose of piroxicam 20 mg as one freeze-dried tablet or as on

Capsule p-Value

0.99± 0.10 (0.33–1.50) 0.001 (Friedmann’s test)
7.49± 5.09 (0–76.33) 0.0001 (Mann–Whitney’s te

116.58± 44.71 (0–666.33) 0.001 (Mann–Whitney’s tes
0.00 (0–0) 0.0035 (Mann–Whitney’s t

76.25± 56.73 (0–898.00) 0.0001 (Mann–Whitney’s te
377.63± 102.76 (0–1294.00) 0.0114 (Mann–Whitney’s t

tly from experimental data; AUC0–30 min, area under the plasm

h, area under the plasma concentration–time curve from 0 m
measured 15 min, 30 min and 1 h, respectively, after administr
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The 90% confidence intervals for test/reference
ratio were (90.27–101.03) forCmax, (92.63–118.35)
for AUC0–t, (91.90–112.08) for AUC0–inf and
(82.33–103.86) forT1/2 showing the bioequivalence of
the two formulations in terms of bioavailability. These
results were confirmed by the values of 95% confidence
symmetrical intervals of Westlake (Table 2).

4. Discussion

This trial was designed to compare the pharmacoki-
netic profile of piroxicam either given by sublingual
and oral route (freeze-dried tablet) or by oral route only
(capsule) during the first hour following the adminis-
tration in 16 healthy male subjects.

A trend to a faster absorption of piroxicam with a fast
dissolving formulation in comparison with the classical
capsule formulation was shown in previous bioequiv-
alence studies (Mueller et al., 1992; Dolci et al., 1993;
Ronca et al., 1994). In order to demonstrate a faster
absorption of piroxicam with the freeze-dried tablet,
particularly during the first hour after administration,
several blood samples were taken within 1 h post-dose
in this study. The overall sampling time schedule was
based on the previous knowledge of the pharmacoki-
netic profile of piroxicam given as a single dose of
20 mg in healthy volunteers (Woolf and Radulovic,
1989; Lee and Balfour, 1994).

The analysis of early pharmacokinetic parameters
c ub-
l al-
l than
w ean
p soon
a blet.
T her
t ion
c ,
1

led
f
A
m as
t the
c inst
5 r the
c s
onfirmed that the administration of piroxicam by s
ingual route then by oral route (the saliva being sw
owed) gave a faster absorption rate of piroxicam
ith the oral capsule. Indeed, a 4.3-fold greater m
lasma piroxicam concentration was achieved as
s 30 min after administration of the freeze-dried ta
his increase in the absorption rate is slightly hig

han the one obtained previously with an inclus
omplex formulation of piroxicam (Deroubaix et al.
995).

A statistically significant difference was revea
or all early pharmacokinetic parameters (Tlag,
UC0–30 min, AUC0–1 h,C15 min,C30 min andC1 h). The
eanTlag observed with the freeze-dried tablet w

hree times lower than the one observed with
apsule (21.6 min with the freeze-dried tablet aga
9.4 min with the capsule). The mean area unde
urve betweenT0 andT30 minwas more than nine time



134 C. Rasetti-Escargueil, V. Grang´e / International Journal of Pharmaceutics 295 (2005) 129–134

higher with the freeze-dried tablet than with the capsule
and the mean area under the curve betweenT0 andT1 h,
was more than 2.8 times higher indicating a marked dif-
ference in absorption profile. These results are in line
with those of previous clinical studies comparing the
fast dissolving formulation to the capsule formulation
of piroxicam (Dolci et al., 1993; Consoli et al., 1994).

Moreover, the AUCs of the two formulations for the
overall assessment period were similar indicating that
their bioavailability was comparable. The bioequiva-
lence of the formulations (freeze-dried tablet and cap-
sule) was established by the assessment of the 90%
confidence intervals.

Similar results were obtained with the inclusion
complex of piroxicam showing an increase of the ab-
sorption rate of piroxicam whilst other pharmacoki-
netic characteristics remained unchanged (Deroubaix
et al., 1995).

In summary, although the bioavailability of the two
formulations was similar, the administration of pirox-
icam given as a freeze-dried tablet gave a much faster
absorption rate during the first hour after dosing than
the capsule formulation. This faster absorption is an
obvious advantage for the treatment of acute episodes
of pain.
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