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Piroxicam is an oxicam derivative of nonsteroidal
anti-inflammatory drugs (NSAIDs) which shows anti-
inflammatory and analgesic properties."? Piroxicam
also causes gastroduodenal mucosal injury like other
NSAIDs and it shows a low surface wettability as a
lipophilic drug with long half-life in pharmacokinetic."”
EREEREPEPY ' ,
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B-Cyclodextrin is a water soluble oligosaccharide
composed of seven glucopyranose units.” The cyclo-
dextrin molecule can form an inclusion complex with
molecules of other substances and cyclodextrin com-
plexation might modify the pharmacokinetic and pos-
sibly pharmacodynamic characteristics of a drug.*”

Piroxicam-B-cyclodextrin is a 1:2.5 molecular com-
plex of piroxicam and B-cyclodextrin, an inert cyclic

macromolecule, and it is equivalent to piroxicam in
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pharmacological effects. Complexing piroxicam
with B-cyclodextrin increases its rate of dissolution
and solubility.>” It improves the rate of absorption of
piroxicam, and possibly also reduces staying period in
gastrointestinal tract.'® These findings might have
better gastrointestinal tolerance, however, there is no
long term clinical trial to evaluate it."""

Several pharmacokinetic studies were reported that
the absorption rate of piroxicam was increased marke-
dly through complexing with B-cyclodextrin.™*"®
There was only one study on the pharmacokinetic pro-
file between piroxicam-B-cyclodextrin and piroxicam
in Korea,w) however, the profile was different from
the results by the foreign studies. And the study was
done to evaluate mainly the clinical efficacy in patients
with osteoarthritis and the numbers of patients included
for pharmacokinetic study were only two patients for
each piroxicam formulation. Although they reported that
piroxicam-B-cyclodextrin tablet was absorbed more ra-
pidly and effectively than the piroxicam dispersible ta-
blet, the time to peak plasma concentration after taking
piroxicam-B-cyclodextrin was much longer (1.4 hrs vs. 5
hrs) and showed low peak plasma concentration com-
pared to the results of the foreign studies.”®

The objective of this study was to investigate the ab-
sorption profile and other pharmacokinetic variables of
two new oral formulations of piroxicam-f3-cyclodextrin
tablets and piroxicam dispersible tablets in healthy
young Korean.
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Eight healthy volunteers including three women and
five men completed the study. Their ages ranged from
20 to 35 years (median: 25 years) and they had a nor-
mal body weight from 45 to 90 kg (median: 59 kg)
relative to their height. (155-178 cm; median: 165.5
cm). The numbers of regular smokers in the study was
two and the rest were nonsmokers. All volunteers
were Korean.

All subjects had a screening evaluation within two
weeks of the study that included a medical evaluation
consisting of a medical history, medical and physical
examination, with recording of vital signs. The checked
medical examination were as followings; i) Routine
CBC: WBC, RBC, Hgb, Hct, and platelet, ii) Blood
chemistry: albumin, total protein, total bilirubin, SGOT,
SGPT, y-GTP, Fasting glucose, BUN, creatinine, Na’,
K, and CI, iii) Urine analysis: protein and glucose.

Exclusion criteria in the subjects were: a) a history
of liver or kidney disease, gastrointestinal tract disease,
and clinically significant abnormalities, b) allergy of
any origin, ¢) a history of drug or alcohol abuse, d)
pregnancy, nursing or non-use of contraception, ¢} par-
ticipation in another clinical trial, f) donation blood
within the preceding one month, g) weight over 10%
of the ideal body weight, and h) taking any prohibited
drug during the study period.

Study design
The study was approved by the Institutional Review
Board of the Wallace Memorial Baptist Hospital. Be-

Methods fore the study entry, each subject signed an informed
consent form in the presence of a witness.
Study population The study was designed as a single-dose trial with
| 1% session — I‘—— 2" sessiom —
Fasting Blood Fasting Blood
(1-7 days) (12 hrs) Sampling (12 hrs) Sampling
(24 hrs) (over 20 days) (24 hrs)
i
1x20 mg 1x20 mg

A group; Piroxicam-f-cyclodextrin
B group; Piroxicam dispersible

Piroxicam dispersible
Piroxicam-f-cyclodextrin

Fig. 1. Schematic representation of the design of this study.
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randomized, crossover study in 8 healthy volunteers
(Fig. 1). Subjects who fulfilled the admission criteria
were randomized into two groups. Each subject received
one of the two treatments, consisting of either 20 mg
piroxicam-f-cyclodextrin tablet or 20 mg piroxicam
dispersible tablet taken with 200 ml water. In the 2nd
period, they were crossed over to receive the other
treatment and the two treatment periods were separat-
ed by a wash-out period of 20 days (1 subject: 34
days). On each day of study, the subjects fasted over
12 hrs and received study medication at 08:00. They
were remained in the clinical center during 12 hrs after
taking study drug. During the fasting, smoking was
also forbidden. Meals were supplied from lunch and
controlled by the investigator. The studied drug for-
mulations were as following; A) Piroxicam-f-cyclo-
dextrin tablet: piroxicam-B-cyclodextrin 95.6 mg
(Piroxicam 10 mg)/tab (Brexin® tablet), B) Piroxicam
dispersible tablet: piroxicam 10 mg/tab (Feldene® dis-
persible tablet).

Blood samples were collected into evacuated tubes
containing edetic acid by puncture of a forearm vein.
An indwelling catheter with heparin (100 Unit /ml)
was cannulated on a forearm vein which was used dur-
ing the first few hours. Serial venous blood samples (5
ml) were collected immediately before the dose and at
0.25, 0.5, 075, 1, 1.5, 2, 3, 4, 5, 6, 12, and 24 hrs
after the dose. The blood samples were immediately
centrifuged at 4C with 3500 rpm for 10 min. The
separated plasma was stored at -20°C until assayed.

Clinical monitoring

During each hospitalization period after taking the
drug, the subjects remained under constant surveill-
ance by investigators and they had to stay within the
clinical center. During the two study sessions, the sub-
jects maintained daily contact with the clinical in-
vestigator and reported any adverse events, whether
seemingly related or not to the ongoing drug treatment.
Concomitant medications which might cause any
effect on the absorption, distribution, metabolism, and
excretion of piroxicam were forbidden over the period
starting from two weeks before the trial (2 months for
enzyme-inducing drugs) and ending two days after it.

For women, oral contraception was allowed during
this period.

Assay of plasma piroxicam

The assay of piroxicam in plasma was done using
HPLC (High Performance Liquid Chromatography)
with UV detection as adapted from other reports.16’20)
The 1.0 ml plasma were taken from the tube, and after

‘mixing with 2.0 ml 0.1 N-HCI and 10 ml chloroform,

chloroform layer was gathered into glass tube. Chloro-
form layer was evaporized at room temperature. And
after melting it completely with adding 1.0 mi solvent,
the extracted was used for further test. The standard
solution was prepared by dissolving 30 mg piroxicam
in 0.1 N HCI (in MeOH) and its concentration was 3
mcg/ml. The mobile phase was water/acetonitrile/so-
dium heptansulfonate (545/450/2 g, v/v/w), adjusted to
pH 3.5 with diluted phosphoric acid and the flow
rate was 1.0 ml/min. And 100 pl was injected into
HPLC pump equipped with a p-BondaPak C18 column
and an UV spectrophotometric detector operating at
356 nm.

Data Analyses

The maximum plasma concentration (Cp,) and the
time to maximum plasma concentration (Tn.) were
read directly from the observed data. The area under
the plasma concentration time-curve (AUC.,,) were
calculated by use of the linear trapezoidal rule.”” Per-
cent cumulative absorption at any time was calculated
using the Wagner-Nelson Method'**” and it was ar-
bitrarily set at 100% whenever it exceeded that value.
The mean plasma concentration from the oral dosing
was fitted to one-compartment and two-compartment
models with first-order input with and without lag
time using WINNONLIN software to obtain estimates
of absorption rate constant (K,). And the apparent ter-
minal elimination rate constant (K,), absorption half-
life, elimination half-life was also obtained from NON-
LIN. Differences in piroxicam absorption rate were
also illustrated graphically by use of Wagner-Nelson
cumulative absorption plots.

These data analyses were estimated for the statistical
significance using ANOVA, paired rtest, Wilkoxon
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Fig. 2. Plasma concentrations of plroxwam (Mean
+SEM, n=8) al’ter a 20 mg dose of piroxicam-| -B-cy-
clodextrm (Brexm ®) tablet and piroxicam disper-
sible (Feldene ) tablet. Inset: enlargement of the 0-3
hrs time period for piroxicam. Arithmetic means.
Statistical significance *p<0.05.

signed rank test, and % cumulative absorption data

was analysed by arcsin transformation,”**”

Results

The data of this study were calculated based on the
plasma concentration of piroxicam obtained from the
study. The mean plasma concentration-time profiles of
piroxicam-B-cyclodextrin tablet and piroxicam disper-
sible tablet are shown in Fig. 2. Plasma concentrations
from each piroxicam formulation were generally quite
variable between subjects.

Pharmacokinetic parameters for administered each
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piroxicam formulations are shown in Table 1. The
results of fitting the concentration data showed that the
one-compartment model with first order input with no
lag time fitted the data well. Although piroxicam phar-
macokinetic is better described by two-compartment
models, the one-compartment approximation is used in
this study.'® Neither AUCys, AUCy, Ky, elimination
half-life nor absorption half-life calculated were sta-
tistically significantly different between complex tablets
and dispersible tablets (a=0.05). But, for the first 0-2
hrs, mean plasma concentration-time curves showed
that piroxicam-B-cyclodextrin tablet was absorbed
more rapidly than the absorption of piroxicam disper-
sible tablet (Inset of Fig. 2). The plasma concentration
of piroxicam-f-cyclodextrin showed about twice those
of piroxicam dispersible tablet at 0.5 hrs after taking
study drug and peak plasma concentration was also sig-
nificantly higher in the piroxicam-B-cyclodextrin group.
The mean time to peak plasma concentration did not
show any statistical significance. However, it showed
rapid tendency slightly in piroxicam-B-cyclodextrin
tablet group. Also, Wagner-Nelson cumulative absorp-
tion plots showed that piroxicam-B-cyclodextrin tablet
was absorbed at more rapid ratio than the piroxicam
dispersible tablet group (Fig. 3). Absorption rate con-
stant was calculated to analyse more clearly the differ-
ence of absorption ratio and the calculated K, for
piroxicam-f-cyclodextrin tablet was not statistically sig-
nificant at o=0.05. However, it was significant at o=

Table 1. Pharmacokinetic parameters of plasma piroxicam after a single dose of 20 mg piroxicam in 8 heal-

thy subjects (mean+SEM)

Parameter B-cyclodextrin Piroxicam Statistical
piroxicam tablet dispersible tablet Significance
C, 0.5 hrs (ug/mL) 29404 1.6+0.3 P<0.05
Coax (Ug/mL) 43405 35+03 P<0.05
T, median (h) 1.25 1.75 NS
AUC,, (ug - h/mL) 59+0.5 4.8+0.5 P<0.05
AUCy, (ug - h/mL) 17.7+1.6 15.8+1.3 NS
AUGC,,, (ug - h/mlL) 56.1+4.9 573+5.6 NS
K, (") 3.00+0.49 1.80+0.21 P<0.1
K, (b7 0.04+0.01 0.03+0.01 NS
Absorption half-life (h) 03+0.1 0.4+0.1 NS
Elimination half-life (h) 16.8+1.6 28.9+5.7 NS

Abbreviations : C, - plasma concentration. AUC,: area under the plasma concentration-time curve to last measurement point. C,:
maximum plasma concentration. T, :time to maximum concentration. K,:absorption rate constant. K,:apparent terminal

elimination rate constant.
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Fig. 3. In vivo cumulative absorption (Mean+SEM,
n=8} up to 3 hrs after 20 mg dose of piroxicam-§-
cyclodextrin (Brexin®) tablet and piroxicam disper-
sible (Feldene®™) tablet. Statistical significance *p<0.05.

0.1 compared to the piroxicam dispersible tablet.

In clinical tolerance, no manifestations of intoler-
ance or any adverse reaction were observed by the
clinical investigator nor were any mentioned by any of
the subjects during each session in the study.

Discussion

Comparison of the first 6 hrs of the plasma con-
centration-time curves showed that piroxicam was
absorbed more rapidly after administration of piroxi-
cam-B-cyclodextrin complex tablet than the piroxicam
dispersible tablet (Fig. 2). The mean plasma concen-
trations at 0.5 hrs after administration of the complex
formulation were statistically significantly higher than
those after administration of the dispersible tablet but
did not differ at 0.25 hrs as the other study.g’ls) Peak
plasma concentrations of piroxicam were higher in 7
out of 8 subjects for the complex tablet and in the
other one subject, there was no difference between
two tested formulations. Absorption of piroxicam was
complete within 0.5 hrs in 3 out of 8 subjects
receiving the complex tablet compared with no sub-
jects receiving the dispersible tablet and the number of
subjects who completed absorption was smaller than
the others, comparatively (33% vs 75%).*"

Although the median time to peak plasma concentra-
tion was reported as 5 hrs after standard piroxicam for-
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mulation compared with 1 hr after complex tablet in
other study,'” there were not big difference between
two formulations evaluated in this study (complex
tablet/dispersible tablet=1.25/1.75 hrs). The reason
might be that fasting was continued over 4 hrs after
taking the studied drugs and/or reference formulation
was dispersible tablet in this study. Based on this
result, the interaction of food with the complex tablet
might influence on the absorption of the piroxicam
smaller than the dispersible tablet. Therefore, it is
necessary for studying further on the effect of the food
with each piroxicam formulations. And the preparation
process might be considered to affect the absorption
parameters of the complex.

The elimination half-life of about 17-29 hrs ap-
parently does not represent the true elimination half-
life, since we did not have any data after the 24 hrs
plasma sample and these are shorter than those of the
foreign studies. The difference was appeared as marked
tendency in complex tablet than the dispersible tablet
and it needs to study the elimination profile of two for-
mulations further.

The obtained C,,, after taking piroxicam-§-cyclodext-
rin from this study was higher than the results of other
study in Korea and T, was small,'” Compared to the
results of the foreign studies, these results are similar
in the T,,, but the obtained C,,, and plasma concen-
tration at 0.5 hrs after taking piroxicam-f-cyclodextrin
was slightly higher in this study. These results showed
that piroxicam-f-cyclodextrin tablet was more rapidly
absorbed than the piroxicam dispersible tablet, and the
difference was not appeared markedly as the reported
by Woodcock et al.” and Acerbi,'® but it is almost
similar to the result of Deroubaix ct al.””

The clinical meaning of these results needs to be
carefully interpreted. Because the C,,, Obtained in this
study was higher than the reported minimal effective
concentration for analgesic and anti-inflammatory,
however, it was less than the trough plasma concentra-
tion at steady-state after multiple dose administration.
Therefore, the significant increase in C,,, and Cp 0.5
brs from this single dose study is unlikely to be clini-
cally significant during long term therapy.
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Conclusion

This study indicates that piroxicam-f-cyclodextrin
tablet has tendency of the more rapid absorption

during the early phase than the piroxicam dispersible
tablet in healthy Korean volunteers. And the amount

of oral absorption of piroxicam-B-cyclodextrin tablet is
similar to the piroxicam dispersible tablet and it sug-

gests that the higher plasma concentration during the
early absorption phase after taking piroxicam-B-cyclo-

dextrin tablet is not a result from increased bioavai-

lability. From these results, we conclude that pirox-
icam-f-cyclodextrin is likely to have clinical relevance
only in the initial treatment for acute pain relief.

10.
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