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proved by the U.S. Food and Drug Admini stration. Each treat­
ment period lasted 5 days, with a 2-week washout period be­
tween treatments. Postdosing evaluations were conducted 
14- 16 days after the last dose of each treatment (hereafter re­
fe rred to as 15 days post-treatment). 

Subjects were confined to the Drug Research Center at the 
University of Utah during the dosing peri ods, from the time be­
fo re dinner on day -3 to the morning of day 6, so that 24-h am­
bulatory pH recordings could be made under controlled condi­
tions. Standardized meals were given at 9:00 a.m. , I :00 p.m. , 
and 6:00 p.m. and a snack at 9:00 p.m .. Xanthine-containing 
foods and beverages were prohibited. Study medications were 
taken at -8:00 a. m. ( I h before breakfast). 

Safety evaluation included monitoring of adverse events, vi­
ta l signs, clinical laboratory results (including gastrin levels), 
physical condition, and ECGs. On each day of confinement, 
subjects were questioned about symptoms or side effects possi­
bly re lated to treatment. Yita i signs were recorded daily during 
confinement and aga in at postdosi ng; laboratory evaluations 
were done on days I and 6, and postdosing, interim physical ex­
aminations were perfo rmed on days -2 and 5, and ECGs were 
recorded on day 5 and postdosing. Serum gastrin levels were 
measured fro m samples coll ected I h before and I h after meals 
on days -2, I, and 5; 15 days post-treatment; and at the end of 
each 24-h gastric pH recording period (days - I, 2, and 6 and 15 
days post-treatment) . Gastrin was measured using a double an­
tibody technique (Product KGA D-2, Gastrin Double Antibody; 
Diagnostic Products Corporation, Los Angeles, CA, U.S.A .). 

Pharmacodynamic Evaluation 
During each crossover period, ambul atory 24-h gastric pH 

was moni tored on days -2, I, and 5 and on day 15 post-treat­
ment. A monocrystalline antimony electrode (Synectics Med­
ica l Inc. , Irving, TX) was positioned in the stomach before the 
start of pH recording. Electrode placement in the stomach was 
confi rmed by a drop in pH during in troduction of the electrode. 
The electrodes were connected to a Digitrapper Mark IJ single­
channel recorder (Synectics Medical Inc.), which was cali­
brated before each use wi th buffe r solutions at pH I and 7. On 
days I and 5 of each crossover peri od, monitoring began imme­
diate ly after drug admini stration and continued every 4 s fo r 24 
h. Values were digitized and stored by the Digitrapper unit. The 
median of each l 5-min period was ca lculated fo r analys is. 

Pharmacokinetic Evaluation 
On days I and 5 of each treatment period, blood samples 

were drawn at several time interva ls: immediately before dosing 
and at 0.5, I, 1.5, 2, 3, 4, 6, 8, and 12 h after dosing. Venous 
pl asma samples were analyzed fo r lansoprazole and omeprazole 
using validated high-perfo rmance liquid chromatography meth­
ods ( 18). The fo llowing model-independent pharmacok inetic 
parameters were evaluated: individual plasma concentrations, 
peak concentration (Cmax), time to peak concentration (Tmax), 
and area under the plasma concentration curve (AUCo.-). Elim­
ination half- li fe (t112) was estimated based on linear regression 
of a log-transfo rmed concentration of the terminal phase of the 
individual plasma concentrations. Comparisons were not made 
between lansoprazole and omeprazo le because clinical rather 
than identical doses were given. 

Statistical Analysis 

Gastric pH 
All statistical tests were two-tailed, with significance des ig­

nated asp :o; 0. 05. The preregi men value was the value obta ined 
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before each treatment regimen (day -2); the postregimen value 
was that obta ined 14-16 days after completion (day 15 post­
treatment) . The 15-min median pH values fo r each subj ect were 
used fo r comparison between treatment groups. Gastric pH 
variables analyzed were mean gastric pH values (calculated as 
the average of the 15-min medians) and the percentage of time 
that gastric pH was >2, >3, >4, and >5 (based on the 15-min 
medians). All gastric pH analyses were perfo rmed over the total 
24-h period as well as over four specified time intervals 
(0800- 1300, 1300- 1800, 1800-2300, and 2300-0800 h). The 
onset of action was examined similarly on an hourly bas is, wi th 
time to effect described as the first hour in which significant 
di ffe rences from baseline were noted. 

For each evaluation day, the effects of the three regimens on 
gastric pH variables were compared wi th a crossover model that 
included regimen, period, sequence, and subj ects within se­
quence as fac tors. Within each regimen, gastric pH variables 
were compared across days using a repeated-measures model 
that included day, sequence, and subject as fac tors. Within the 
framework of this model, pairwise comparisons were made of 
day I versus preregimen, day 5 versus preregimen, day 5 versus 
day I, and day 15 post-treatment versus preregimen. 

Pharmacokinetics 
Analyses of va riance were performed fo r lansoprazole and 

omeprazole pharmacokinetic parameters. For lansoprazole, the 
fo llowing effects were included in the model: period, subject, 
dose, day, period-by-day interaction, and dose-by-day interac­
tion. For omeprazole, the effects included were period, subject 
nested within period, and day. The Cmax and AUC values from 
the 30-mg lansoprazole regimen were normalized to a 15-mg 
dose to j udge dose proportionality. 

Relationship of AUC to Gastric pH 
Analysis of covariance was employed to explore the relation­

ship between 24-h average gastric pH and plasma AUC for lan­
soprazole and omeprazole. The dependent variable was average 
pH; the covariate was the natura l logari thm of AUC. For lanso­
prazole, an analys is was performed fo r data on days I and 5 
jointly, with effects fo r period, day, subject, day-by-subject in­
teraction, and separate slopes (interaction between day and 
AUC) in the initia l model. The relationship between the 24-h 
average gastric pH and the plasma drug concentrati on AUC was 
also examined using a sigmoidal Emax model ( 19- 2 1 ). 

Serum Gastrin 
Gastrin values were measured I h before and after each meal 

on day -2 (preregimen), days I and 5, and day 15 (post-treat­
ment) fo r each of the three regimens. An additional measure­
ment was obtained 14 h after dinner. Gastrin variables analyzed 
included values at each of these time points as well as in tegrated 
gastri n, defined as the area under the gastrin curve from I h be­
fo re breakfast to I h after dinner (0800- 1900), as calcu lated by 
the trapezoidal method. Changes from preregimen serum gas­
trin va lues were analyzed between and within regimens using 
the crossover and repeated-measures model, respective ly. 

Safety 
The incidence of adverse events during each regimen, or 

within 3 days of the last dose of any regimen, were tabulated 
and grouped by the COSTART term and body system. Changes 
from preregimen clinical laboratory variables and vital signs 
were compared using the crossover model d.escribed fo r gastric 
pH ; changes in ECG and results of physical exam ination were 
reviewed and tabulated. 
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TABLE 1. Pharmacokinetic parameters for lansoprazole and omeprazo/e (mean± SD) 

T max (h) t ·,, (h) Cmax (ng/ml) 

Lansoprazole, 15 mg 
Day 1 1.6 ± 0.7 1.06 ± 0.43 335 ± 199 
Day 5 1.5 ± 0 .5 1.09 ± 0.56 351±1 .31 

Lansoprazole, 30 mg 
Day 1 1.5 ± 0.3 0.97 ± 0.33 729 ± 385 
Day 5 1.7±1.3 0.62 ± 0.32 217±140 

Omeprazole, 20 mg 
Day 1 1.7±1 .3 0.62 ± 0 .32 217±140 
Day 5 1.6 ± 0.7 0.87 ± 0 .50 315 ± 1498 

•Statistically significantly higher than day 1 (p < 0.05) . 

men levels; there were no statistically significant dif­
ferences between the preregimen and postregimen gas­
trin levels in any treatment regimen. 

Adverse Events 
Adverse events were reported by five subjects (31 %) 

on the 15-mg lansoprazole regimen, six (43%) on the 
30-mg lansoprazole regimen, and six (40%) on the 20-
mg omeprazole regimen. Events that were reported by 
two or more subjects in any treatment group included 
asthenia, headache, dizziness, and acne (two subjects 
reporting each event) on the 15-mg lansoprazole regi­
men; headache (six subjects) in the 30-mg lansoprazole 
regimen; and nausea and acne (two subjects each) on 
the 20-mg omeprazole regimen. There were no clini­
cally significant changes in physical examinations, 
ECGs, vital signs, or laboratory tests of hematology, 
chemistry, or urinalysis in any treatment regimen. One 
subject with a normal screening alanine aminotrans­
ferase (ALT) level (27 IU/L) had elevated values (81 
IU/L) just before dosing with 15 mg lansoprazole; on 
day 4 of the first crossover period, his ALT had in­
creased to 224 IU/L, and he was discontinued from the 
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FIG. 3. Mean percentage of time gastric pH was >3, >4, 
and >5 on day 5. The asterisks mark statistically signifi­
cant differences (p :::; 0.01) between 30 mg lansoprazole 
and the other two regimens. 
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Cmax dose, normalized AUC dose, normalized 
AUC (ng · h/ml) ([ng/ml)/mg) ([ng· h/ml]/mg) 

623 ± 287 22.33 ± 13.27 41 .53 ± 19.13 
723 ± 323 23.40 ± 8.73 48.20 ± 21 .53 

1,371 ± 755 24.30 ± 12.83 45.70 ± 25.17 
298 ± 186 10.85 ± 7.00 14.90 ± 9.30 

298 ± 186 10.85 ± 7.00 14.90 ± 9.30 
595 ± 377• 15.75 ± 7.45 8 29.75 ± 18.85• 

study after testing positive for hepatitis C. Another sub­
ject had elevated AST/ALT values attributed to study 
drugs at the end of each crossover period. His pretreat­
ment AST and ALT levels were 30 and 36 IU/L, re­
spectively. After the fifth dose of 30 mg lansoprazole, 
values were 57 and 108 IU/L, respectively; by the post­
treatrnent examination, AST/ALT values had decreased 
to 30 and 45 IU/L, respectively. 
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FIG. 4. Mean plasma concentrations of lansoprazole (A) 
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ies using lansoprazole (34-37). In light of the correla­
tion between increased gastric pH and healing of acid 
peptic ulcer disease and GERD, the results of our 
study show that, like omeprazole, lansoprazole is a po­
tent inhibitor of acid secretion. It also is an effective 
treatment for duodenal ulcer, gastric ulcer, and GERD. 
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