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Report

Application of Radiotelemetric Technique in Evaluating
Diclofenac Sodium Absorption After Oral Administration of
Various Dosage Forms in Healthy Volunteers
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A radiotelemetric technique with the Heidelberg capsule (HC) was used to improve the quality of data
generated in a bioavailability study involving an enteric-coated (EC) formulation. Further, changes in
plasma levels of the drug from other dosage forms were related to changes in the pH environment as
determined by the HC. Eight healthy male subjects received the following treatments, 15 min after a
light breakfast, according to a randomized, four-way crossover design: (A) HC and 75 mg of a di-
clofenac sodium aqueous buffered solution; (B) HC and one 75-mg Voltaren EC tablet; (C) HC and one
100-mg Voltaren slow-release (SR) tablet; and (D) HC alone. Each treatment was separated by a
1-week washout period. Two additional subjects subsequently received Treatment B only. Multiple
peaks were observed in the drug plasma level-time profiles for the buffered aqueous solution which,
in all cases, occurred before gastric emptying of the HC. The multiple peaks were not observed for the
Voltaren SR tablet, but a variable absorption lag time occurred which coincided with the gastric
residence time of the SR tablet. For the EC tablet the variability of individual plasma level-time
profiles was drastically reduced when the time after dosing was adjusted to coincide with gastric
emptying of the HC. Finally, the lag time between gastric emptying of the EC tablet and the onset of
drug absorption was consistently at 1 hr for all subjects. This lag time was longer than the in vitro
disintegration or dissolution times measured under USP conditions.

KEY WORDS: radiotelemetric technique; diclofenac sodium; absorption; enteric-coated tablet; slow-
release tablet; buffered aqueous solution; multiple peak behavior.

INTRODUCTION

Diclofenac sodium (Voltaren) is a nonsteroidal antiin-
flammatory drug used for the treatment of degenerative joint
diseases and other arthritic conditions. Absorption of the
drug after oral dosing is extremely rapid, with peak concen-
trations being reached within 5-10 min of administering a
buffered aqueous solution (1). The drug is also rapidly
cleared from plasma, with levels declining to roughly 10% of
the peak value within 3 hr (2). When the drug is given as an
unbuffered aqueous solution, rapid absorption and elimina-
tion also occur, but multiple peaks are frequently observed
in the resulting plasma profiles (1,3).

The onset of absorption after administration of an en-
teric-coated (EC) tablet is dependent on gastric emptying,
which is highly variable both within and between individuals
(4,5). However, once absorption starts, the appearance of
drug in the circulation is rapid reaching peak levels within
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0.5 hr. These characteristics require frequent blood sampling
over an extended time period to define accurately the plasma
profile for the EC tablet. When using this tablet as the ref-
erence standard in diclofenac sodium bioavailability studies,
a reliable method for detecting gastric emptying would per-
mit the blood sampling schedule to be adjusted to the onset
of drug absorption and, thus, obtain more accurate estimates
for the relevant pharmacokinetic parameters.

When the drug is administered as a wax-matrix slow-
release (SR) tablet, multiple peak behavior is often observed
in the resulting plasma profiles (6). This behavior may reflect
changes in the performance of the dosage form with changes
in the pH of its environment within the gastrointestinal (GI)
tract.

Radiotelemetric technique with a Heidelberg capsule
(HC) has been employed to detect gastric emptying and the
onset of drug absorption from EC formulations (7-11). This
approach could also be used to establish whether the multi-
ple-peak behavior observed with the SR tablet is related to
changes of the intraluminal pH in different segments of the
GI tract.

This study was designed to evaluate the HC technique
in optimizing the blood sampling schedule for bioavailability
studies involving an EC tablet and to relate changes in
plasma concentrations of the drug with changes in the pH
environment of the dosage form in the gut.
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METHODOLOGY

Evaluation of Heidelberg Capsule Performance

The accuracy of the HC radiotelemetric device (Electro-
Medical Devices, Inc., Norcross, GA) was evaluated by
comparing the pH values obtained from the system with
those obtained from a calibrated pH meter. The HC was
activated in 0.9% normal saline solution and calibrated with
pH 1 and pH 7 standard buffer solutions as recommended by
the manufacturer. Simultaneous pH readings were made in
USP simulated gastric fluid (pH 1.2) for 2 hr, followed by
USP intestinal fluid (pH 7.2) for 22 hr, using both the HC and
a calibrated pH meter.

Clinical Study Procedures

Eight male subjects were initially enrolled into this ran-
domized, open-label, four-way crossover study. Two addi-
tional subjects were enrolled at a later time to refine the
observations for EC treatment only. After giving written in-
formed consent, the subjects who met the inclusion criteria
were confirmed to be in good health by physical examina-
tion, medical history, and clinical laboratory tests. Subjects
with clinically significant concurrent illnesses, a history of
gastrointestinal surgery or disease, dyspepsia or epigastric
pain, or hypersensitivity to NSAIDs were excluded. No al-
cohol was allowed for 24 hr and no concomitant drug treat-
ment was allowed for 7 days prior to, or during, the study.
Fecal guaiac (Hemoccult) tests were performed on entry into
the study and at 24 hr after each treatment. The physical
examination was repeated at the conclusion of the study.

Each of the original eight subjects were randomly as-
signed to receive the following treatments, separated by a
1-week washout period.

Treatment A: HC + 75 mg of diclofenac sodium pow-

der dissolved in 100 ml, pH 7.4, 0.05 M
phosphate-buffered aqueous solution
(BAS).

Treatment B: HC + one 75-mg EC tablet.

Treatment C: HC + one 100-mg SR tablet.

Treatment D: HC alone.

Prior to initiating the study, a 0.4-mm hole was drilled
through the center of the EC and SR tablets. The weight loss
due to drilling was less than 0.4%, and the associated loss of
active drug was not significant. Surgical thread was then
looped through this hole and secured in place using a small
amount of acrylic glue on both faces of the tablet. The re-
duction in surface area of the tablet available for dissolution
was also not significant. No change in the in vitro dissolution
behavior under USP conditions for these, as compared with
untreated EC and SR tablets, was observed, indicating that
the threading procedure did not affect the integrity of the
coating or the dissolution performance of either tablet.

Subjects fasted for at least 12 hr overnight before each
treatment day. A light snack (one slice of toast, one pat of
butter, and 50 ml of orange juice) was given 15 min before
administering the assigned treatment. The HC was then ac-
tivated and attached, through a small hole at the top of the
device, to either the EC or the SR tablet by means of the
surgical thread. The HC and tablet combinations in Treat-
ments B and C, or the HC alone in Treatment D, were ad-
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ministered with 100 ml of water. In the case of Treatment A,
the HC was taken concomitantly with the drug solution. Out-
put from the HC was monitored continuously until after the
last blood sample was taken on the treatment day.

On each occasion when the drug was administered, 10-
ml venous blood samples were drawn into heparinized tubes
(Venoject) immediately before dosing (predose), and at the
following times for the respective treatments.

Treatment A: 5, 10, 20, 30, 45, and 60 min and 1.5, 2, 3,

4, 5, 6, and 8 hr after administering the
solution.

Treatment B: hourly after dosing with the EC tablet and

prior to gastric emptying. At the first sign
of gastric emptying (a change of at least 3
pH units in the output of the HC) samples
were drawn at 5, 10, 20, 30, 45, and 60
min and at 1.5, 2, 3, 4, 5, 6, and 8 hr
thereafter. If the subject failed to empty
the EC tablet/HC combination within 5
hr, blood collection was terminated and
the treatment repeated on a second occa-
sion.

Treatment C: 0.5, 1,2,3,4,5,6,7,8, 10, 12, 14, and 24

hr after administering the SR tablet.

Heparinized blood samples were centrifuged, and the
plasma was separated and frozen immediately. Samples
were kept frozen until they were analyzed.

A small snack consisting of a nonalcoholic drink and a
coffee cake was permitted at 1 hr after gastric emptying. A
light lunch consisting of small sandwiches, a choice of a
nonalcoholic beverage, fruit, or a single portion of ice cream
was served at 5 hr after dosing, regardless of whether or not
gastric emptying of the dosage form had occurred by this
time. Dinner was served 10 hr after dosing. Subjects were
either sitting or ambulatory during the main study days and
were not permitted to sleep in a supine position for the first
14 hr after dosing.

Analytical Procedure

The concentration of diclofenac sodium in plasma was
determined using an established HPLC technique (12). The
drug concentrations in the study samples were calculated
from daily calibration curves. The variability in the calibra-
tion curve values were within the expected range (2.6 to
11.2% CV values over a 10- to 800-ng/ml drug concentration
range). Quality-control plasma samples, spiked with known
amounts of drug, were prepared at the outset of the analysis
and were assayed periodically throughout the study. The
mean (SD) concentrations estimated for the 100- and 400-
ng/ml samples were 100.3 (5.1) and 397.3 (22.0) ng/ml, re-
spectively. The corresponding CV values were less than
5.5% for both concentrations. Some study samples were also
reanalyzed on a later occasion. The differences between the
original and repeat estimates were generally less than 10%.
These results demonstrated good control and reproducibility
of the assay.

Pharmacokinetic Calculations

Standard pharmacokinetic parameters were calculated
from the plasma concentration—time data. C,,,, was the high-
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est observed concentration and T,,, was the time at which
Conax occurred. Ty, the absorption lag time, was the last
time point at which a nondetectable plasma concentration
was observed before the onset of absorption. Adj 7,,,, the
adjusted time to peak, was taken as the difference between
Tinax and Ty,,. AUC-inf was calculated by the linear trape-
zoidal rule, plus any residual area (usually small), which was
calculated as the concentration at the last measured time
point divided by the terminal rate constant. The terminal rate
constant was determined by linear regression analysis of the
log-linear terminal phase of the plasma concentration-time
profile. At least three points were used in the determination,
and the correlation coefficient values had to be greater than
0.95 for the estimate to be accepted.

RESULTS

The initial eight subjects were aged 23 to 45 (mean, 25)
years. Their weights ranged from 66 to 85 (mean, 79) kg, and
their heights ranged from 173 to 186 (mean, 180) cm. The two
additional subjects (9 and 10) were aged 30 and 34 years,
respectively; their weights were 80 and 90 kg and both had
heights of 178 cm.

In Vitro Validation of the Heidelberg Capsule

The pH values measured by the HC agreed well with the
calibrated pH meter over 24 hr. The HC tended to slightly
underestimate the pH value, but the differences never ex-
ceeded 0.5 unit. These results are consistent with the man-
ufacturer’s specification (i.e., accuracy within *=0.5 pH
units) and indicates that the HC is capable of providing re-
liable pH values for 24 hr after activation. This finding is also
consistent with other published information (8,13).

Clinical Observations

The drug and HC were well tolerated by all subjects.
Transient abdominal pain was experienced by two subjects
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(007 and 008) during Study Period 4 (both Treatment B)
which lasted for about 0.5 hr but quickly resolved within 1 hr
of receiving food. No other adverse effects were reported by
any of the 10 subjects. Fecal guaiac tests performed on en-
try, and at 24 hr after each treatment, were negative. No
clinically significant findings were reported for the terminal
physical examinations.

Gastric Residence Times

Gastric residence times (GRT) for each treatment, esti-
mated from the HC data, are presented in Table I.

Mean intrasubject GRT, 15 min after a light snack,
ranged from 1.3 to 2.8 hr for the original eight subjects.
Intersubject GRT values averaged 2.0, 1.9, 2.0, and 1.7 hr,
respectively, after administering the HC with BAS (Treat-
ment A), HC with EC (Treatment B), HC with SR (Treat-
ment C), and HC alone (Treatment D). The lack of any dif-
ferences between treatments indicates that diclofenac did
not affect gastric emptying of the HC. The overall mean (SD)
GRT for all eight subjects was 1.9 (0.8) hr. GRT values in
this study are consistent with the data observed after a light
breakfast in a previous study (9).

Plasma Concentration-Time and pH-Time Data

Representative plasma concentration—time, and pH-
time, profiles are shown in Figs. 1-3.

Treatment A. There was no delay in the appearance of
drug in the circulation following administration of the BAS.
In general, plasma drug levels increased rapidly, achieved an
early peak, and then declined rapidly (Fig. 1). Secondary
peaks, shoulders, or inflections were observed in all profiles
for the BAS treatment. Four of eight subjects (Subjects 002,
005, 006, and 008) exhibited multiple-peak behavior within
the first few hours after dosing. This occurred before gastric
emptying of the HC in all cases (for example, see Fig. 1,
Subject 002, a representative subject).

Table I. Summary of Diclofenac Sodium Pharmacokinetic Parameters After Oral Administration of Various Formulations

Mean (SD)
Treatment A Treatment B Treatment C Treatment D
Parameter (BAS) (EC) (SR) (HC)
Gastric residence time (GRT), hr 2.00 (0.45) 1.89 (1.16) 2.00 (0.89) 1.72 (0.74)
Lag time (T;,,), hr 0.00 (0.00) [1.00 (0.00)1° 1.06 (0.86) —_
Median 0.00 [1.00] 2.00
Range — [—1 0.00-2.00
Peak time (T,,,), hr 0.43 (0.65) [1.83 (0.26)] 2.69 (1.16) —
Median 0.17 {2.00] 3.00
Range 0.08-2.00 [1.50-2.00] 0.50-4.00
Adjusted peak time (Adj 7,,.,), hr 0.43 (0.65) [0.83 (0.26)] 1.63 (1.22) —
Median 0.17 [1.00] 1.00
Range 0.08-2.00 [0.50-1.00] 0.50-4.00
Peak concentration (C,,,,), ng/ml 1175.8 2074.1 694.2° —
(835.0) (1412.1) (247.38)
AUC-inf, ng-hr/ml 1906.9 2362.9 2163.5° —
(508.1) (867.8) (494.9)
Half-life (7y;,), hr 1.52 (0.37) 1.56 (0.37) 2.53 (1.87) —_

2 [—] Time scale adjusted to the commencement of GRT as time zero.

® Normalized to 75-mg dose.
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Fig. 1. Representative plasma concentration-time and pH-time pro-
files after administering the HC with BAS (Treatment A). Upper
panel: Subject 001, the only subject who exhibited a uniform smooth
plasma profile in this treatment. Lower panel: Subject 002, a repre-
sentative subject who exhibited a nonuniform, irregular plasma pro-
file.

Treatment B. As expected, all subjects exhibited single-
peak profiles with highly variable lag times after dosing with
the EC tablet. However, once absorption was initiated, the
increase in plasma levels was extremely rapid and peak lev-
els were quickly achieved. The decline from peak was
equally rapid and levels were low or undetectable by 8 hr
after the start of absorption.

When the EC tablet profiles were adjusted to coincide
with gastric emptying of the HC, the variability disappeared
and the onset of absorption was extremely consistent, at 1 hr
after emptying of the EC tablet/HC combination (Fig. 2).
This result was not anticipated since in vitro disintegration
and dissolution of the EC tablet occur within 5 to 10 min and
30 min, respectively. Because of the unexpected delay be-
tween gastric emptying and the onset of drug absorption,
two additional subjects were added to the EC phase of the
study. In these individuals, the plasma sampling schedule
was adjusted by an additional hour after gastric emptying to
characterize better the plasma concentration-time profile.
The results obtained were qualitatively and quantitatively
similar to those obtained in the initial group. The absorption
lag times were again estimated to be the GRT plus 1 hr.

Treatment C. A variable onset of absorption (0-2 hr)
was observed for the SR tablet, followed by a rapid increase
in levels to achieve a lower peak level than obtained with the
other treatments. The decline from the peak was less rapid
than for the EC tablet or BAS treatments, and measurable
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Fig. 2. Representative plasma concentration—-time and pH-time pro-
files after administering the HC with EC (Treatment B). Time scale
adjusted to the commencement of GRT as time zero. Upper panel:
Subject 001. Lower panel: Subject 003.

levels were maintained for a longer period after dosing. Only
one of eight individuals (Subject 002, Fig. 3) exhibited mul-
tiple-peak behavior after administering the SR tablet. Inter-
estingly, this subject had an extremely short GRT (0.5 hr),
with the major plasma peak occurring at 0.5 hr and the sec-
ondary peak occurring at 8 hr after dosing. These observa-
tions are at variance with previous findings where no lag
time was detected after administering the SR tablet under
fasting conditions, and multiple peaks were frequently ob-
served. Further, there was no delay in the onset of absorp-
tion following gastric emptying of the SR tablet in all cases
(for example, see Subject 004, Fig. 3).

Attachment of EC and SR to the Heidelberg Capsule

All plasma levels for the EC and SR treatments were
nondetectable before gastric emptying of the HC-tablet com-
binations (Figs. 2 and 3). This result confirms that drilling a
hole in the EC and SR tablets, and subsequently sealing the
hole with glue, did not cause premature tablet disintegration
and drug release in the stomach. It is also consistent with the
in vitro data which showed that tablet performance was un-
affected by the procedure of attaching the dosage forms to
the HC.

Bioavailability Assessment

The pharmacokinetic parameters estimated from the
data for the original eight subjects are summarized in Table
I. The AUC and C,,, values for the SR were normalized to
the 75-mg dose for the purpose of comparison with the other
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Fig. 3. Representative plasma concentration-time and pH-time pro-
files after administering the HC with SR (Treatment C). Upper
panel: Subject 002, the only subject who exhibited multipie peaks in
this treatment. Lower panel: Subject 004, a representative subject
who did not exhibit a multiple-peak profile. Notice that the drug
release coincided exactly with the GRT.

formulations. The normalization was supported by the fact
that linear pharmacokinetics has been demonstrated for the
drug up to a 150-mg dose (14).

The AUC-inf values averaged 1906.9 ng-hr/ml for
BAS, 2362.9 ng-hr/ml for EC, and 2163.5 ng-hr/ml for SR
(after adjustment for the dose difference). The average (SD)
relative bioavailabilities, as determined by the ratios of
AUC-inf values for the EC and SR tablets to BAS, were 1.14
(0.28) and 1.15 (0.09), respectively. These data demonstrate
that the EC and SR dosage forms delivered equivalent
amounts of drug to the systemic circulation which were
greater than that delivered by the BAS treatment. The lower
AUC values after BAS may be a consequence of the multi-
ple-peak behavior observed for this treatment and the asso-
ciated difficulty in characterizing the whole profile with a
fixed and limited plasma sampling schedule.

The C,,,, values for the BAS and EC treatments, and
for the SR treatment (after adjusting for the dose difference),
averaged 1176, 2074, and 694 ng/ml, respectively. As ex-
pected, the C, ., values for the SR tablet were significantly
lower than those for both the BAS and the EC tablet treat-
ments. Interestingly, the C, ., values for BAS were also
lower than those for the EC tablet, despite the fact that the
times to peak for the former treatment were shorter.
Median T,,,, values were 0.17 hr for BAS, 2.0 hr (post-
GRT) for EC, and 3.0 hr for SR, respectively. The corre-
sponding median 7;,, values were 1.0 hr post-GRT for EC
and 2.0 hr for SR. No lag time was observed for BAS. After
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adjustment for 7y, the median Adj T, values were 0.17 hr
for BAS, 1.0 hr post-GRT for EC, and 1.0 hr for SR, respec-
tively. As expected, the results obtained for C, .., Tomaxs
T, and Adj T ,, demonstrated that the onset and subse-
quent rate of absorption were different for the three formu-

lations.
DISCUSSION

Onset of Absorption After EC

The onset of absorption from the EC tablet was ex-
tremely consistent at 1 hr after gastric emptying. This result
is at variance with the in vitro data which showed a disinte-
grated time of 5-10 min, and complete dissolution within 30
min. Similar disparities between in vivo and ir vitro behavior
have been reported for other enteric-coated products in both
animals and humans. The onsets of absorption were reported
to be 44 min, 3 hr, and 1.2-1.6 hr, respectively, after gastric
emptying of enteric-coated aspirin tablets in the dog (11),
enteric-coated aspirin granules in humans (15), and enteric-
coated naproxen tablets in humans (16). In addition, Heina-
maki et al. (17), who investigated the fate of multiple-unit
enteric-coated formulations in the dog, reported that hydrox-
ypropyl methylcellulose phthalate (HPMCP)-coated gran-
ules disintegrated in the proximal part of the small intestine,
whereas cellulose acetate phthalate (CAP)-coated granules
traveled to the lower part of the small intestine and did not
disintegrate until they reached the large intestine. The cu-
mulative evidence from this and other studies indicates that
the lag time for enteric-coated formulations is delayed in
comparison with the in vitro dissolution time for this type of
dosage form. The magnitude of the difference may vary with
the nature, and probably with the thickness, of the enteric
coating of the tablet.

The pH values immediately after gastric emptying and
at 1 and 1.5 hr after gastric emptying of the EC/HC tablet
combination indicated that, during this time, the pH experi-
enced by the EC tablet in the small intestine ranged from pH
4.5 to pH >9.0, with mean values of 5.6, 6.1, and 6.4, re-
spectively. One possible explanation for the disparity be-
tween in vivo and in vitro behavior could be that the luminal
pH was not sufficiently basic and the buffering capacity of
the intestinal fluid was inefficient enough to dissolve the
coating of the EC tablet. An alternative explanation may be
that the volume of intestinal fluid in the proximal small in-
testine was too small to dissolve completely the coating of
the tablet.

Onset of Absorption and Multiple-Peak Behavior

The results obtained from the present study (after a light
breakfast) as compared to previous studies (fasting and
heavy breakfast) are summarized in Table II.

Since diclofenac is poorly soluble in an acidic medium
but is reasonably soluble in a basic medium (0.0003 and 1.3
£/100 ml in USP simulated gastric and intestinal fluid, re-
spectively), drug absorption should depend on the pH of the
luminal environment. The pH values in the small intestine
are relatively well defined, but basal fasting gastric values
are highly variable (18). This variability is considered to re-
flect the lack of gastric acid secretion in the resting stomach.
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Table II. Summary of the Results Obtained from the Present Study (After a Light Breakfast) as Compared to Previous Studies (After Fasting
and After a Heavy Breakfast)

Formulation Fasted

Light breakfast Heavy breakfast

Nonbuffered aqueous solution Rapid onset

No lag time

Multiple peak

Rapid onset

No lag time

Single peak

Rapid onset once absorbed
Variable lag time

Single peak

Buffered aqueous solution

Enteric-coated tablet
(single tablet)

SR tablet Rapid onset
No lag time

Multiple peak

Rapid onset

No lag time

Multiple peak

Rapid onset once absorbed

Highly variable lag time

Single peak

Absorption occurred 1 hr after
gastric emptying

Rapid onset once absorbed

2-hr lag time

Single peak

Absorption occurred immediately
after gastric emptying

Rapid onset once absorbed
4-hr lag time
Single peak

Food intake is associated with a short transient increase in
gastric pH followed by a sharp fall to consistently low values
in response to acid secretion (19). In the present study, pH
values only transiently increased to pH 3 or 4 before falling
to levels around pH 1, indicating that the administration of
food at 15 min before dosing stimulated gastric acid produc-
tion to a significant extent.

Three factors affect the pH in the stomach: (a) the buffer
capacity provided by the buffered drug solution, (b) the basal
gastric pH, and (c) the gastric secretion induced by food.
The differences in gastric pH between fasting and postpran-
dial conditions may explain the differences in uniformity of
the plasma profiles. In the case where the buffered solution
was administered under fasting conditions (previous stud-
ies), the buffering capacity of the administered solution was
probably adequate to prevent precipitation of the drug. The
total dose in solution can be rapidly and uniformly delivered
to the small intestine, producing a single well-defined peak in
the plasma profile.

In the case where the buffered solution was adminis-
tered 15 min after a meal (present study), the pH of the
gastric fluid quickly reverted to a highly acidic state as a
result of stimulation of gastric acid secretion. The buffering
capacity provided by the drug solution was probably inade-
quate to prevent the drug from precipitating in the stomach.
Variable gastric emptying of this precipitated material could
have produced some of the irregularities in the plasma pro-
file shapes for the BAS treatment. In addition, gastric emp-
tying times are known to be longer and more variable after
food intake, which may also have contributed to the multi-
ple-peak behavior observed in this study. The initial peak
probably represents partial emptying of the drug present in
the stomach. Subsequent contractions, or additional water
intake, could have induced further gastric emptying of dis-
solved or precipitated drug, producing a secondary peak in
the plasma profile. This more complex emptying pattern for
the BAS may also explain the lower C,,, values observed
for this treatment compared with the EC tablet. Interest-
ingly, all multiple-peak behaviors observed for the BAS
treatment occurred before the HC left the stomach, support-

ing the accepted view that the pylorus exerts a sieving effect
on gastric content which depends on the size of the object.
Gastric emptying of the drug, either in solution or as a
precipitate, occurred more quickly than the emptying of
the HC.

Multiple-peak behavior was not observed for the SR
treatment in this study, whereas it was frequently observed
in previous studies. As indicated above, the only difference
in study designs was that a light snack was given 15 min
before drug administration in the present study, whereas in
previous studies, the drug was administered under fasting
conditions. A recently completed study (6) has provided sup-
porting evidence for the lack of multiple-peak behavior when
the SR tablet is given with food. With a substantial break-
fast, a prolonged lag time (4 hr), but a single peak in the
plasma profile, was consistently observed for the SR tablet.

Unlike the enteric coating of the EC tablet, the film
coating of the SR tablet is not resistant to gastric acid and
quickly dissolves in gastric fluid. Therefore, the core of the
SR tablet is rapidly exposed to the luminal environment re-
gardless of whether or not the tablet is administered under
fasting or fed conditions. Under fasting conditions, the ex-
tent to which the drug diffuses out of the core depends on the
pH of the gastric fluid. If the gastric pH is high, a significant
amount of the drug will be quickly dissolved in gastric fluid
and this solution will empty rapidly from the stomach, with
an early peak observed in the plasma profile. If the gastric
pH is low, only a limited amount of drug will dissolve, and
the appearance of significant plasma levels will be delayed.
In both cases, emptying of the core into the duodenum will
result in the remaining drug being dissolved and rapidly ap-
pearing in the circulation. Thus, depending on the gastric pH
and on the time of emptying of the SR tablet core, irregular
patterns and multiple peaks will be observed in the plasma
profiles under fasting conditions.

When the SR formulation is administered after a meal,
the environment in the stomach is consistently acidic to pre-
vent significant dissolution or release of the drug. The pres-
ence of food will also suppress gastric emptying of the core.
Both effects combined can produce a significant lag time in



1032

the appearance of drug in plasma. However, once the core
empties into the small intestine, the basic environment facil-
itates dissolution of the drug, producing significant levels in
plasma. Since intraluminal pH in the small intestine shows
relatively little fluctuation, drug release and absorption are
continuous and the plasma profiles are smooth. Conse-
quently, plasma profiles for the SR tablet administered after
food will tend to exhibit longer lag times but more uniform
behavior compared with the profiles obtained under fasting
conditions.
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