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The Effect of Raising Gastric pH with
Ranitidine on the Absorption and
Elimination of Theophylline from a
Sustained-Release Theophylline Tablet
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Prior to evaluating the effect of ranitidine on theophylline absorption
from a sustained-release theophylline tablet, the effect of ranitidine
on the time course of gastric pH in 12 healthy subjects was evaluated
with an encapsulated radio-telemetry device (Heidelberg capsule).
Gastric pH was measured hourly from 7 aM to 1 PM prior to begin-
ning ranitidine treatment at 2 PM (150 mg every 4 hr for eight doses).
The next day, pH was again measured hourly from 7 aM to 7 pM.
Subjects fasted overnight and remained fasted until lunch at 11 aAMm.
Prior to ranitidine treatment, the mean morning gastric pH remained
between 1.5 and 2.2. After lunch, the pH increased to 2.2-2.3. Dur-
ing ranitidine treatment the mean morning gastric pH measurements
were 5.5 to 5.8, decreasing after lunch to 3.1 by 4 pM and increasing
to 3.9 at 7 pM. One week later the subjects participated in a three-
way crossover theophylline bioavailability study receiving at weekly
intervals, single doses at 7 aM of (a) 5 X 100-mg immediate-release
tablets, (b) 2 x 300-mg sustained-release theophylline tablets, and
(¢) 2 x 300-mg sustained-release theophylline tablets after ranitidine
pretreatment of 150 mg every 4 hr beginning at 2 pM the previous
day. The increase in gastric pH with ranitidine had no effect (P >
0.05) on the rate and extent of absorption or on the elimination rate
of theophylline.
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INTRODUCTION

It has been recognized that changes in physiologic func-
tion can influence the gastrointestinal absorption of certain
drugs (1,2). An example of such a disorder is achlorhydria
(3,4), which is characterized by a lack of gastric acid pro-
duction. Elevation in gastric pH can also be due to the intake
of antacids or H, antagonists such as cimetidine and raniti-
dine (5). While the effects of H, antagonists on theophylline
metabolism have been extensively investigated (6-13), the
influence of ranitidine on theophylline’s absorption has not
been studied.
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Report

The objectives of the current study were as follows: (a)
to investigate the interaction between ranitidine and theoph-
ylline, with a special emphasis on theophylline absorption,
and (b) to monitor with the Heidelberg capsule the time
course of changes in gastric pH after ranitidine treatment.
The present report deals with the effect of multiple doses of
ranitidine tablets on gastric pH in healthy male subjects. The
same subjects then participated in a three-way crossover
study, to determine the effect of multiple doses of ranitidine
on the absorption and/or elimination of theophylline from a
sustained-release tablet (Theo-Dur tablets).

MATERIALS AND METHODS

Subjects

Twelve healthy male volunteers, aged 22 to 29 years and
weighing 64 to 90 kg, participated in this study. Selection for
the study involved providing a complete medical history, a
physical examination, an acceptable clinical laboratory ex-
amination to include SMA 18/90, CBC with differential and
urinalysis, and an electrocardiogram. The subjects were free
of any medication for 7 days prior to the study and of any
theophylline-containing medication for 30 days prior to the
study. Xanthine-containing food and beverages were ex-
cluded from the diet during each 49-hr study period as well
as the 48 hr prior to each treatment. Each subject signed a
written informed consent.

Gastric pH Study

On the first day the subjects reported after an overnight
fast and each swallowed a Heidelberg capsule along with 60
ml of water. The capsule was tethered with unwaxed dental
floss to an anterior mandibular tooth. The floss was adjusted
so that the Heidelberg capsule remained in the fundus of the
stomach. The floss length was individualized for each sub-
ject by measuring from the tip of the subject’s nose (with his
head tilted back) to his xiphoid process. The Heidelberg cap-
sule is an encapsulated radiotelemetric device (14) that mea-
sures the pH and transmits the reading to a receiver that is
located within 1| m of the subject. Gastric pH was measured
every hour beginning at 7 AM and ending at 1 pM. After the
last reading the capsule was recovered by withdrawing the
floss; the calibration was checked and the capsule was dis-
carded.

Ranitidine (Zantac, 150-mg tablets, Glaxo, Inc., NC)
was dosed as 150 mg every 4 hr with 8 oz water. Dosing
began 1 hr after the Heidelberg capsule was recovered for a
total of eight doses at 2 pPM, 6 PM, 10 PM, 2 AM, 6 AM, 10 AM,
2 pM, and 6 pM. On the second day the subjects reported to
the study site to receive the 6 AM ranitidine dose. Another
Heidelberg capsule was swallowed with 60 ml of water by all
the subjects and gastric pH measurements were made hourly
from 7 aM until 7 M. The Heidelberg capsule was recovered
and the calibration checked. On both study days the subjects
remained in the fasted state until 11 AM, at which time a
standard lunch was served (1062 kcal, 44% fat). A standard
supper was administered at 5 PM on the second day and
contained 840 kcal, of which 46% was fat. Water was per-
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mitted ad lib. except for 1 hr after each dose and 0.5 hr
before each gastric pH measurement.

Theophylline Absorption Study

A week after the gastric pH study all 12 subjects re-
ceived the following treatments in a randomized crossover at
1-week intervals: 500 mg of immediate-release theophylline
tablets (5§ X 100 mg, Slo-Phyllin, W. H. Rorer, Inc.), 600 mg
of sustained-release theophylline (SRT) tablets (2 X 300 mg,
Theo-Dur tablet, Schering-Plough Corporation), and 600 mg
of the SRT tablets with concomitant treatment of ranitidine.
For the ranitidine treatment phase, subjects began taking
150-mg doses at 2 pm on the day prior to receiving theoph-
ylline and continued taking the ranitidine every 4 hr for eight
consecutive doses. On each of the 3 theophylline dosing
days, the subjects reported to the study site after an over-
night fast and received their dose of theophylline between
6:50 aM and 7:00 aM with 180 ml of water. No food was
allowed until a standard lunch was served 4 hr after dosing,
and a standard supper served 10 hr after dosing. The con-
sumption of water was the same for both theophylline treat-
ments. Gastric pH readings were not taken during this
phase, to avoid any potential effect of the Heidelberg cap-
sule on the absorption of theophylline from the dosage form.

Blood Sampling Scheme

Eight-milliliter blood samples were obtained before dos-
ing and then at 0.5, 1, 2, 4, 6, 8, 10, 12, 15, 25, 30, 34, and 49
hr after theophylline dosing. Samples were collected either
by venipuncture or through an indwelling venous catheter
using a 10-ml plastic syringe (Becton-Dickinson, Rutherford,
N1J). The samples that were obtained from the catheter were
cleared of residual heparin before obtaining the 8-ml blood
sample. The blood was transferred to a 10-ml red-topped
vacutainer tube, and the blood allowed to clot at room tem-
perature. After centrifugation, the serum fraction was trans-
ferred to glass vials for storage at —20°C until assayed.

Theophylline Assay

Theophylline concentrations in serum were determined
by high-performance liquid chromatography and employed a
reversed-phase pBondapak C18 column with detection at
274 nm based on the method of Farrish and Wargin (15). The
assay was fully validated and the detection limit was 0.1
pg/ml.

Pharmacokinetic and Statistical Analysis

The area under the serum concentration-time curve
(AUC) was calculated using the linear trapezoidal rule with
extrapolation to time infinity. The extrapolation was accom-
plished by dividing the last experimental data point in the
concentration-time curve by the first-order terminal rate
constant (K). This value was then added to the AUC deter-
mined to the last experimental data point used for the cal-
culation of K (16). The first-order (terminal) elimination rate
constant was determined by least-squares fit of the natural
log-transformed terminal serum concentration-versus-time
curve in each data set. The data points utilized for this fit
were those which visually appeared to be linear. The half-life
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of theophylline was calculated from the quotient of In 2 (nat-
ural log of 2) and K. The extent of absorption (F) of the SRT
tablet was calculated from the ratio of the SRT’s AUC to the
AUC of the dose normalized immediate release reference.
Previous reports showed that the immediate-release theoph-
ylline reference was completely absorbed (17). Peak serum
concentration (C,,,) and time to reach C, ., (fn..) were
obtained by inspection of the individual serum concentra-
tion-time profiles. The percentage of drug absorbed at each
time point was calculated using the Wagner—Nelson method
utilizing the terminal K as determined above (18). The time
to 50% (7-50) and 80% (T-80) absorption was calculated from
the Wagner—Nelson absorption data. Each parameter was
statistically evaluated using analysis of variance (ANOVA).
The power analysis was utilized to detect the presence of
type 2 errors.

RESULTS

All 12 subjects successfully completed the study. Sev-
eral subjects complained of a headache, abdominal cramps,
and/or nervousness. In general, the subjects felt somewhat
uncomfortable with the tethered Heidelberg capsule and re-
ported soreness in their throat. Several subjects did evoke a
gag reflex when swallowing and/or recovering the capsule
but none of the subjects vomited.

The mean (+standard error) gastric pH before and after
ranitidine is illustrated in Fig. 1. The mean gastric pH before
the ranitidine and before lunch ranged from 1.5 to 2.2; after
lunch the mean pH increased slightly to 2.2 to 2.3. After
ranitidine treatment and prior to lunch, the mean pH was
steady with a range of 5.5 to 5.8. After lunch, the pH de-
clined over the next 5 hr to a mean pH of 3.1. After supper
the mean pH increased slightly to 3.5 and remained approx-
imately at this pH for the next 2 hr. All Heidelberg capsules
were recovered and recalibrated at the end of the study and
were fully active and operational. It was assumed that these
pH levels were indicative of the pH changes occurring dur-
ing the theophylline absorption study since all subjects were
treated identically during the pH assessment and theophyl-
line dosing phase.

The ranitidine treatment had no effect on the absorption
or elimination of theophylline as can be seen in Fig. 2a and
Table 1. The extent of absorption of theophylline from the
SRT tablets was the same with (90%) and without ranitidine
(89%). The C,pax, tnax> and elimination ¢#,, were unchanged
with ranitidine treatment. The rate of theophylline absorp-
tion was also examined with the Wagner—Nelson method.
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Fig. 1. The mean +SE gastric pH prior to ranitidine administration

and after multiple treatments with 150 mg of ranitidine dosed every
4 hr. The time of the ranitidine dose is indicated by “‘Ran.”
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Fig. 2. (a) Mean serum theophylline levels and (b) Wagner—Nelson
absorption profiles for Slo-Phyllin tablets (<), Theo-Dur tablets (O),
and Theo-Dur tablets with concomitant treatment with ranitidine
).

These results, presented in Fig. 2b and Table 1, illustrate
that ranitidine has no significant effect on the rate of theoph-
ylline absorption from the SRT tablets. The time to 50 and
80% absorption was the same for both sustained-release
treatments. Power to detect a 20% difference for all param-
eters except I,,., was >0.9. The power for ¢, was 0.1. This
low power reflects the inherient large variation in ¢, that is
often observed with oral products.

DISCUSSION

This study shows that an increase in gastric pH caused
by ranitidine did not affect the extent and rate of theophyl-
line absorption after oral administration of the SRT. These
results are supported by the pH independent in vitro disso-
lution studies (19) and the lack of food effects on the absorp-
tion of theophylline from this SRT (19-21).

The decrease in acid secretion and subsequent increase
in the gastric pH (Fig. 1) have the potential of directly af-
fecting the dissolution and absorption of a drug from a sus-
tained-release formulation and indirectly affecting these pro-

Table I. The Mean (Coefficient of Variation) Pharmacokinetic Pa-

rameters®
Parameter 1 2 3
AUC (pg - hr/ml) 154 (24) 139 (27) 138 (28)
F (%) — 89 (11 9% O
Crrax (pg/ml) 12.1 (18)* 6.8 (25) 6.6 (20)
tmax (OT) 1.8 (50)* 10.5 21) 9.0 24)
T-50 (hr) 0.5 (40)* 6.0 (27) 5.4 (20)
T-80 (hr) 1.1 (54)* 9.8 (36) 9.7 (28)
Elim ¢, 7.2 (35) 7.6 (16) 7.6 (13)

@ (1) Slo-Phyllin tablets, 5 X 100 mg; (2) Theo-Dur tablets, 2 X 300
mg; (3) Theo-Dur tablets, 2 X 300 mg with concomitant ranitidine
dosing.

* P = 0.05 in comparison to Treatments 2 and 3.
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cesses by changing gastric motility and emptying rate. It is
well accepted that gastric emptying is promoted by a high pH
(22). It has been demonstrated, in a number of articles, that
ranitidine accelerates gastric emptying (23-26). There have
been others, however, who have reported a decrease (27-29)
or no effect on gastric emptying (30).

As observed here and by others (26), ranitidine treat-
ment caused an increase in the gastric pH over baseline. An
interesting observation is that, despite ranitidine treatment,
the gastric pH was lowered after lunch in the volunteers.
This decrease in pH after lunch may be due to gastrin stim-
ulation by the food, which overrides ranitidine’s ability to
block acid secretion.
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