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Steady-State Pharmacokinetics of Enteric-Coated Naproxen
Tablets Compared with Standard Naproxen Tablets

Donald Jung, PhD, and Kenneth E. Schwartz, MD

Syntex Research, Palo Alto, California

ABSTRACT

In this open-label, randomized, cross-
over study, 24 healthy volunteers (12
men and 12 women) received either en-
teric-coated (EC) naproxen tablets 500
mg twice daily or standard naproxen
tablets 500 mg twice daily for 7 days.
In each of the two study periods, blood
sampling began on day 8, after one last
dose of the study drug was adminis-
tered, to determine and compare steady-
state pharmacokinetics for each of the
two naproxen formulations. The plasma
half-life of naproxen averaged 16.3 and
16.9 hours following EC naproxen and
standard naproxen treatments, respec-
tively. Mean time to maximum plasma
concentration (Tmax) was greater for EC
naproxen than for standard naproxen
(4.0 vs 1.9 hours), while the maximum
observed plasma concentration (Cmax)
was slightly, but not significantly,
smaller (94.9 vs 97.4 pg/mL, respec-
tively). The mean values for average
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plasma concentration (C..) and mini-
mum plasma concentration for EC
naproxen were 70.4 and 60.6 pg/mL,
respectively, compared with 63.9 and
44.1 pg/mL for standard naproxen.
The mean plasma fluctuation about the
mean was greater for standard
naproxen than for EC naproxen (85.3%
vs 49.3%), while the mean area under
the plasma concentration-time curve
(AUC) was smaller for standard
naproxen (766.8 vs 845.0 pg x h/mL).
At steady state, EC naproxen was sim-
ilar to standard naproxen tablets with
respect to Cmax, Cave, Cmax:Cave, 0- t0 12-
hour AUC, and half-life but differed in
Tumax. In addition, fluctuations about
Cuve in plasma levels were considerably
lower with EC naproxen than with
standard naproxen.

INTRODUCTION

Naproxen is a nonsteroidal anti-inflam-
matory drug with analgesic and antipy-
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retic properties. The efficacy and tol-
erability of naproxen in the manage-
ment of rheumatoid diseases, gout,
pain, and dysmenorrhea have been well
established in many years of clinical
use.' An enteric-coated (EC) formula-
tion" of naproxen was developed to re-
lease naproxen at the pH level of the
small intestine, where dissolution takes
place.

An in vivo evaluation of EC na-
proxen tablets has shown that the
naproxen blood levels over time were
consistent with the delayed release of
naproxen from the tablets,” but no data
comparing the steady-state pharmaco-
kinetics of EC naproxen with standard
naproxen have been published. The
current study was designed to compare
the steady-state pharmacokinetics of
EC naproxen and standard tablets’ in a
group of healthy men and women.

SUBJECTS AND METHODS

This was an open-label, randomized
study of crossover design. Twenty-
four healthy men and women whose
body weights were within 15% of the
average weight for their age and
height, as determined from the Metro-
politan Life Insurance tables, partici-
pated in the study.® Participants were
selected on the basis of an essentially
problem-free medical history, a normal
physical examination, and a routine
laboratory test profile showing no clin-
ically significant abnormalities. Insti-
tutional review board approval was ob-
tained. The study was explained to

Trademarks: EC-Naprosyn@)’ and Naprosynw (Syn-
tex Laboratories, Inc., Palo Alto, California).
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subjects in nontechnical terms, and all
subjects signed a written informed con-
sent form and an Experimental Subjects
Bill of Rights before participating.

The two study regimens were: 500-
mg EC naproxen tablets twice daily for
7 days plus one dose on day 8, and 500-
mg standard naproxen tablets twice daily
for 7 days plus one dose on day 8.

After an overnight fast (beginning at
9:30 pm the previous night), each sub-
ject received, in random order, 500 mg
twice daily EC naproxen or standard
naproxen for 7 days and a final dose on
day 8. Adverse events were monitored
at each blood drawing, and the subjects
informed the study physician or trained
observer of any adverse events that oc-
curred during the study. A washout pe-
riod of 8 days followed each treatment.
Serial blood samples were collected
after the final morning dose for up to
72 hours. To determine naproxen
trough levels, single blood samples
were also collected on days 6 and 7 be-
fore the morning dose. The plasma from
each blood sample was separated im-
mediately, transferred into vials, and
frozen for subsequent assay of naprox-
en by using high-performance liquid
chromatography.® Plasma levels below
the quantification limit of 0.5 pg/mL
naproxen at time zero were set to zero
for the calculation of mean plasma lev-
els and computed variables.

Statistical and Pharmacokinetic Analyses

The following pharmacokinetic vari-
ables were determined on day 8:

*Twax—time to maximum plasma
concentration;

*Plasma half-life—computed over
the 24- to 72-hour interval by using log
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Table I. Demographic characteristics.

Variable Men (n = 12) Women (n=12)
Age(y)
Mean + SD 298+46 309+7.1
Range 22-35 22-47
Body weight (kg)
Mean + SD 82t 11 6416
Range 64-94 55-75
Height (cm)
Mean + SD 184+ 6 168 6
Range 175-193 157-176

linear regression analysis of the plasma
concentration versus time data;

*Cnax—maximum observed plasma
concentration;

*0- to 12-hour AUC—area under the
plasma concentration-time curve from
0 to 12 hours, computed using the lin-
ear trapezoidal rule;

*C...—average plasma concentration
computed as the ratio of AUC divided
by the dosing interval (12 hours);

*Ciow—minimum (trough) plasma
concentration at time of dosing com-
puted as the mean of the zero and 24-
hour values;

*Crax:Crow—peak to trough plasma
ratio;

*Cnu:Cave—peak to average plasma
concentration ratio;

*Fluctuation—100 X (Cmnax — Cuin)/
C.ve (ie, percent fluctuation about aver-
age plasma concentration).

An analysis of variance (ANOVA)
model appropriate for a crossover de-
sign was used,’ and the statistical anal-
yses were performed for the pharmaco-
kinetic variables according to the
General Linear Model procedure of the
Statistical Analysis System, Version
5.16.° The ANOVA model included
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terms for sequence, subjects within se-
quence, formulation, and period effects.

Ninety percent classic confidence in-
tervals’ for the ratio of EC naproxen to
standard naproxen were obtained using
the r distribution. Confidence limits
(90%) on the difference in the regimen
means were computed using an error
term derived from ANOVA. These lim-
its were then expressed as percentages
of the reference mean by dividing the
upper and lower limits of the confi-
dence interval by the estimated refer-
ence mean and then adding 100%. Two
regimens were considered equivalent
with respect to a given variable if the
two means differed by less than 20% or
the confidence interval was within 80%
to 120%, with 90% confidence.

In addition, the trough levels on days
6, 7, and 8 were compared to demon-
strate that steady-state levels had been
attained by day 8. ANOVA procedures
with terms in the model for subject and
day were used for this comparison.

RESULTS

The demographic characteristics (Table
I) were calculated separately for the 12
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