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The dissolution and bioavailability of etodolac from capsules ex-
posed to high relative humidity and temperature were compared to
those from capsules stored at room temperature (RT). Dissolution of
stressed and control capsules was evaluated using a USP basket
apparatus at 100 rpm with 900 mL pH 7.5 phosphate buffer (0.05 M)
at 37°C. The dissolution of etodolac from capsules exposed to
stressed conditions was also evaluated with enzymes (pancreatin,
1%, wiv) added to the dissolution medium. The bioavailability of
etodolac from capsules exposed to stressed conditions was com-
pared in both dogs and humans to capsules stored at RT conditions.
Capsules, 200 and 300 mg, exposed to stressed conditions failed the
dissolution (without enzymes) specification [not less than 85% re-
leased (80% Q) in 30 min]. However, upon enzyme addition, all
capsules met the specification. The rate and extent of absorption
from these 200 and 300 mg etodolac capsules in dogs were equiv-
alent to those from capsules stored at RT conditions that passed the
dissolution specification. Similarly, the bioavailability of etodolac
from 300 mg capsules that failed the dissolution specification upon
exposure to stressed conditions was equivalent to that of control
capsules in 24 adult male volunteers. Thus, an in vitro dissolution
test with enzymes provides a better indication of stressed capsule
performance in vivo.

KEY WORDS: dissolution; bioavailability; etodolac capsules;
stressed conditions.

INTRODUCTION

Exposure of dosage forms to conditions of high temper-
ature and relative humidity is an attempt to assess long-term
stability of the dosage form in a relatively short period of
time. While exaggerated (accelerated) conditions at temper-
atures greater than 30°C and humidities outside the range of
40-60% are not recommended by gelatin capsule shell man-
ufacturers (1), storage conditions more stressful than these
are routinely required by governmental agencies as evidence
of the long term stability of the dosage form and the drug
entity itself (2). The effect of high temperature and high rel-
ative humidity on gelatin is to render it partially insoluble in
water due to polymerization (3,4). The extent of polymer-
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ization has been reported to be influenced by, among other
things, the dye content in the gelatin (4,5). Very often a result
of this polymerization on a capsule dosage form is a reduc-
tion in the in vitro dissolution rate in aqueous media without
enzymes (5-9).

A concern is that this reduction in dissolution rate will
manifest itself in vivo by a reduction in the rate and/or extent
of absorption of the drugs administered to patients. How-
ever, in vitro dissolution media are extremely simplistic ver-
sions of the gastrointestinal milieu. The addition of enzymes
to the dissolution media increases the dissolution rate of
capsule dosage forms stored under these accelerated condi-
tions (6,10). Since enzymes are a normal constituent of the
GI tract and the digestive fluids, one would anticipate that
the in vivo performance (bioavailability) would remain unal-
tered for formulations exposed to these accelerated condi-
tions, assuming that the high temperature and high relative
humidity did not alter the drug substance itself or cause a
drug-excipient interaction.

Capsules (200 and 300 mg) of the nonsteroidal antiin-
flammatory/analgesic drug etodolac, when exposed to high
temperature and humidity (40°C/75% RH), unpackaged or
packaged in polyvinyl chloride (PVC) or PVC-ACLAR blis-
ters, have been observed to fail a dissolution specification of
80% (Q) in 30 min. When packaged in high-density polyeth-
ylene (HDPE) bottles and exposed to the same 40°C/75% RH
condition, these same capsules continue to conform to the
dissolution specification. Studies were undertaken to (a)
confirm that the stability of etodolac itself is not affected by
these accelerated conditions, (b) examine the dissolution of
stressed capsules, with and without enzymes, and (¢) dem-
onstrate that the in vivo bioavailability of etodolac capsules
stored at 40°C/75% RH is not adversely affected.

MATERIALS AND METHODS

Bioavailability Study of Etodolac in Dogs

Etodolac capsules, 200 mg (lot 7WFF) and 300 mg (lot
7WDQ) strengths, were obtained from the Clinical Supply
Department, Wyeth-Ayerst Laboratories, Rouses Point,
New York. The capsules were stored unpackaged and pack-
aged in a controlled-temperature/humidity cabinet that was
maintained at 40°C/75% RH. The unpackaged capsules were
exposed directly to the 40°C/75% RH conditions in open
petri dishes. The packaged capsules were contained within a
blister card composed of 7.5 mil PVC/2 mil polyethylene/2
mil ACLAR with 1 mil aluminum foil backing. Both
strengths of capsules were tested initially for dissolution,
strength, degradation, and physical appearance. Samples (n
= 12) of the unpackaged and PVC-ACLAR packaged cap-
sules were periodically withdrawn over an 8- to 20-week
period from the 40°C/75% RH storage cabinet and tested
until the capsules failed USP Stage II criteria (11) for disso-
lution of 80% Q in 30 min. When the capsules met this cri-
terion, strength, degradation, physical appearance, and bio-
availability were evaluated. Etodolac capsules from the
same batches were stored in HDPE bottles at 25°C (room
temperature) and used as controls.

The bioavailability of etodolac from both packaged and
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unpackaged stressed capsules that failed dissolution was
compared to control capsules from the same batch stored at
room temperature. The bioavailability of both 200 and 300
mg etodolac capsules was tested using 12 beagle dogs, 6 (3
males and 3 females) assigned to each strength. For each
strength, all dogs received a control capsule, a packaged
stressed capsule, and an unpackaged stressed capsule with
at least a 1-week washout between treatments. Blood sam-
ples were taken at 0 hr (predose) and at 0.25, 0.5, 1, 1.5, 2,
3,4,6,9, 12, 15, and 24 hr after dosing. Plasma was imme-
diately separated and frozen until analysis. Plasma etodolac
levels were determined using the method of Cosyns et al.
(12) modified for fluorescence detection.

Bioavailability Study of Etodolac in Humans

Etodolac 300 mg capsules (lot 1TJX) were stored un-
packaged at 40°C/75% RH. Capsules (n = 12) were tested
initially for dissolution, strength, degradation, and physical
appearance. Samples were periodically withdrawn from
storage and tested for dissolution until the mean dissolution
was <50% released at 30 min and no individual capsule was
>80% released in 30 min. When the capsules met these cri-
teria, they were further tested for strength, degradation, and
physical appearance. Etodolac capsules originating from the
same batch were packaged in HDPE bottles and stored at
25°C to serve as controls.

To evaluate the effect of the accelerated conditions on
the in vivo performance of etodolac from these capsules, a
bioavailability study was conducted in 24 adult male volun-
teers. Each volunteer was randomized to two treatments.
Each treatment consisted of a 300 mg etodolac capsule ex-
posed to either unpackaged accelerated conditions or to
room-temperature conditions in HDPE bottles. Each treat-
ment was separated by a washout period of at least 1 week.
Blood samples were taken at 0 hr (predose) and at 0.25, 0.5,

Dey et al.

0.75,1.0, 1.5, 2, 3, 4, 6, 8, 10, 12, 14, 16, 24, and 30 hr after
dosing. Plasma was separated and frozen until analyzed.
Plasma etodolac levels were determined by the HPLC
method of Cosyns et al. (12).

The bioavailability of etodolac from capsules exposed to
room temperature and accelerated conditions was compared
using the maximum plasma etodolac concentration (C,,,,),
time to maximum plasma concentration (¢,,,.), and area un-
der the plasma concentration time curve (AUC,_,, in dogs
and AUC,_,, in humans). Statistical comparisons were
made with an appropriate analysis of variance using the
PROC GLM of SAS. For the dog study the MODEL state-
ment used in the PROC GLM was MODEL = DOG
TREATMENT. For the human study the MODEL statement
was MODEL = SEQUENCE SUBJECT(SEQUENCE)
TREATMENT PERIOD. The 90% confidence intervals (CI)
were determined using the two, one-sided test (13).

Dissolution Methodology

Dissolution was performed using a USP basket appara-
tus in 900 mL of aqueous, pH 7.5 phosphate buffer (0.05 M)
at 37°C. The basket rotation speed was 100 rpm. Pancreatin
(1%, wiv) was added to the dissolution medium for studies
conducted with enzymes. The dissolution of etodolac was
monitored by UV detection at 278 nm.

RESULTS

Etodolac Stability

Stability data for etodolac capsules are given in Table 1.
Although depressed dissolution rates are evident for both
200 and 300 mg strength capsules stored unpackaged or
packaged in PVC-ACLAR blisters at 40°C/75% RH,

Table 1. Stability Data for Etodolac 200 and 300 mg Capsules Stored Packaged and Unpackaged at 40°C/75% RH

Strength Dissolution
Package Storage condition (mg/cap)

Degradation

(ave % released)®® products (%)

200 mg capsules used in dog biostudy

— Initial 199 101 ND*
Open petri dish 15 wk 40°C/75% RH 199 43 ND
PVC-ACLAR 20 wk 40°C/75% RH NT¢ 50 ND
HDPE BTL-® 20 wk 25°C 200 101 ND
300 mg capsules used in dog biostudy
— Initial 292 100 ND
Open petri dish 8 wk 40°C/75% RH 296 29 0.04
PVC-ACLAR 20 wk 40°C/75% RH NT 11 ND
HDPE BTL® 20 wk 25°C 299 100 ND
300 mg capsules used in human biostudy
HDPE BTL® Initial 301 101 ND
Open petri dish 6 wk 40°C/75% RH 304 27 ND

4 N = 6 capsules at initial, 12 capsules subsequently.
% Dissolution without enzymes.

¢ None detected.

4 Not tested.

¢ Control.
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Table II. Effects of Enzymes on Dissolution® of Etodolac 200 and 300 mg Capsules Stored Under Various Conditions

Average percentage released at 30 min (range)

200 mg capsules

300 mg capsules

Storage conditions Without enzymes

With enzymes Without enzymes With enzymes

Control,* 25°C
Unpackaged 8-15 weeks, 40°C/75% RH*

101 (100-102)
43 (21-98)

Packaged 20 weeks, 40°C/75% RH* 50 (8-98)
Control,? 25°C NAY
Unpackaged 6 weeks, 40°C/75% RH? NA

NT* 100 (98-101) NT
98 (97-100) 29 (4-48) 100 (96-103)
98 (96-100) 11 (3-26) 99 (98-101)
NA 101 (99-105) NT
NA 27 (2-47) 100 (96-105)

¢ Capsules used in dog biostudy.

® Capsules used in human biostudy.

¢ Not tested.

4 Not applicable.

¢ USP basket apparatus, 100 rpm, 900 mL, 37°C.

strength, degradation, and appearance showed little or no
change. Control capsules stored at 25°C in HDPE bottles
also showed no evidence of change in strength or presence of
degradation products. Further, the dissolution of control
capsules was unaffected.

Comparison of Dissolution with and Without Enzymes

The dissolution results of the 200 and 300 mg strength
capsules used in both the dog and human biostudy, tested
with and without enzymes are presented in Table IT1. Unpack-
aged capsules stored at 40°C/75% RH failed dissolution tests
sooner (8-15 weeks) than did the PVC-ACLAR packaged
capsules (20 weeks). The addition of enzymes (1% pancre-
atin) to the dissolution media resulted in conformance to the
dissolution specification of 80% (Q) in 30 min.
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Bioavailability of Stressed and Unstressed Capsules

Results of the bioavailability study in dogs are graphi-
cally shown in Figs. 1 and 2 for the 200 and 300 mg strength
capsules, respectively. Values for the mean plasma etodolac
AUC,_54, Chax»> and ¢, values together with the statistical
analyses are presented in Table III. The data indicate that
both the unpackaged and the packaged etodolac capsules
exposed to accelerated conditions were bioequivalent to
capsules stored in HDPE bottles at room temperature. The
ratios of mean parameters for AUC, C,.., and ¢, ., for cap-
sules exposed to accelerated conditions compared to control
capsules are all within 80-120%. Additionally, none of the
differences within capsule strengths were significantly dif-
ferent (P > 0.05). While some of the 90% Cls were outside
the 80-120%, this most likely reflects the small number of
animals used.

12 16 20
Hours

Fig. 1. Effect of capsule storage conditions on the bioavailability of etodolac in dogs
from 200 mg capsules: ((J) capsules stored at 40°C/75% RH unpackaged, failed dis-
solution; (A) capsules stored at 40°C/75% RH in PVC-ACLAR blisters, failed disso-
lution; (O) capsule stored at RT in HDPE bottles, passed dissolution.
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Fig. 2. Effect of capsule storage conditions on the bioavailability of etodolac in dogs
from 300 mg capsules: ((J) capsules stored at 40°C/75% RH unpackaged, failed dis-
solution; (A) capsules stored at 40°C/75% RH in PVC-ACLAR blisters, failed disso-
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fution; (O) capsules stored at RT in HDPE bottles, passed dissolution.

Plasma etodolac levels from the human bioavailability
study testing the 300 mg capsules are graphically presented
in Fig. 3. The mean values for AUC,_sp, Cpax> and £,
along with the statistical analyses are presented in Table IV.
The results indicate that the capsules exposed to accelerated
conditions were bioequivalent to capsules stored at room
temperature. Mean values for AUC, C,,.., and ¢, are all
within +20% of the mean for the control capsules with no
statistical difference between storage conditions (P > 0.05).

DISCUSSION

Data from stability testing of dosage forms stored under
accelerated conditions, including formulations in hard gela-
tin capsules, are generally required for approval of new drug

applications on the basis that short-term exposure of formu-
lations at accelerated conditions are predictive of long-term
exposure at room temperature conditions. The effects of
high temperature and humidity on hard gelatin capsules has
been well-known for some time. However, such testing con-
tinues to be required. The data from this study demonstrate
that enzymes in the dissolution media may be used to indi-
cate that the problem is with the capsule shell and thereby
avoid the time and cost of conducting bioequivalence stud-
ies. Tests for product quality such as strength, degradation,
and any other specifications must still be conducted to en-
sure that the accelerated conditions do not affect the formu-
lated drug substance.

The bioavailability of etodolac from hard gelatin cap-
sules was unaffected by exposure to accelerated storage con-

Table III. Mean Etodolac Bioavailability in Dogs from Stressed Capsules that Failed Dissolution Compared to Control Capsules

200 mg capsule (n = 6)

300 mg capsule (n = 6)

Parameter Packaged Unpackaged Control Packaged Unpackaged Control

AUC, ,, = SD

(ng X hr/mL) 138.9 =+ 46.0 1459 =+ 25.8 135.7 = 36.1 202.6 * 50.2 202.8 *51.8 212.3 = 539
Ratio (%) 102.4 107.5 — 95.4 95.5 —
90% CI of the ratio 83.9-120.8 89.0-125.9 — 76.2-114.7 76.2-114.8 —
P value 0.82 0.48 — 0.67 0.68 —
Crax * SD (png/mL) 524 =10 572 = 9.0 53.1 = 83 778 =17 78.5 =17 83.6 =13
Ratio (%) 98.6 107.7 — 93.0 939 —
90% CI of the ratio 90.1-107.1 99.2-116.2 — 79.1-107.0 80.0-107.9 —
P value 0.77 0.13 — 0.39 0.45 —
tax £ SD (hr) 1.25 = 0.42 1.33 = 0.41 1.17 = 0.26 1.25 = 0.52 1.17 = 0.41 1.17 + 0.41
Ratio (%) 107.1 114.2 — 107.1 100.0 —
90% CI of the Ratio 77.6-136.6 84.7-143.7 — 72.7-141.5 65.6-134.4 —
P value 0.67 0.40 — 0.71 1.00 —
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Fig. 3. Effect of capsule storage conditions on the‘bioavailability of etodolac in
humans from 300 mg capsules: () capsules stored at 40°C/75% RH unpackaged,
failed dissolution; (A) capsules stored at RT in HDPE bottles, passed dissolution.

ditions. Data from the dog study indicated no differences in
the bioavailability of packaged or unpackaged capsules that
failed dissolution compared to controls. The bioavailability
of etodolac in humans from capsules stored under acceler-
ated conditions was also equivalent to control capsules.
Comparison of the results between the dog and the human
studies suggests that the dog may be a useful model for
studying the bioavailability of etodolac and perhaps capsule
formulations of other drugs exposed to accelerated condi-
tions. Previously, we have observed a similar phenomenon
with capsules containing a combination of aspirin and co-
deine. In this instance, a dog (and human) biostudy also
demonstrated that the in vivo performance of the capsules
was not impaired. Clearly, the plasma etodolac data from

Table IV. Mean Etodolac Bioavailability in 24 Human Male Volun-
teers from 300 mg Capsules Exposed to Accelerated Storage Con-
ditions Compared to Control Capsules

Storage conditions

6 weeks at 6 weeks at RT

Parameter 40°C/75% RH (Control)
AUC,_3p = SD (pg X hr/mL) 86.2 =20 85.5 +24
Ratio (%) 100.9 —
90% CI of the ratio 95.1-106.6 —
P value 0.80 —
Crax = SD (pg/mL) 22.7 = 6.1 205 = 7.8
Ratio (%) 110.7 —
90% CI of the ratio 95.6—-125.8 —
P value 0.24 —
tmax * SD (hr) 1.39 = 0.9 1.67 = 1.0
Ratio (%) 83.1 —
90% CI of the ratio 57.6-108.5 —
P value 0.27 —

both the dog and the human bioequivalence studies demon-
strate that capsules stored under these stress conditions did
not exhibit evidence of incomplete or delayed release.

The value of testing the dissolution of hard gelatin en-
capsulated products after storage under accelerated condi-
tions is questionable since the results are of little predictive
value. If such tests continue to be required, the use of a
dissolution medium containing enzymes would be capable of
determining if any changes in dissolution were due to poly-
merization of gelatin. The addition of enzymes to the dis-
solution medium resulted in the acceptable dissolution of
etodolac from capsules stored under accelerated conditions
and correlated well with the results of the bioequivalency
studies.
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