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Abstract

AIM: To compare the antisecretory activity and plasma
drug concentrations of a single oral dose of 10 mg
lafutidine, a novel H: receptor antagonist, with those of
the proton pump inhibitor lansoprazole (LPZ) 30 mg.

METHODS: Ten volunteers without # py/ori infection
participated in this crossover study comparing lafutidine
10 mg with LPZ 30 mg. Intragastric pH was monitored
for 6 h in all participants, and blood samples were
collected from four randomly selected individuals after
single-dose administration of each drug.

RESULTS: The median intragastric pH was significantly
higher in individuals who received lafutidine 10 mg than in
those who received LPZ 30 mg 2, 3, 4, 5, and 6 h after
administration. Maximal plasma drug concentration was
reached more promptly with lafutidine 10 mg than with
LPZ 30 mg.

CONCLUSION: In H pylori-negative individuals, gastric
acid secretion is more markedly inhibited by lafutidine

www.wjgnet.com

than by LPZ.
© 2008 WJG. All rights reserved.
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INTRODUCTION

Gastroesophageal reflux disease (GERD) commonly
occurs in the western countries'”, and its prevalence is
now increasing in ]apanp’ﬂ. Recently, Ohara ef a/” have
shown that 42.2% of Japanese adults experience heartburn,
similar to the rate of 42.4% reported in western studies'.
Gastric acid has an important role in the pathogenesis of
GERD. Suppression of gastric acid secretion is the most
common therapeutic approach, and more effective and
promptly acting treatments are required.

Two types of potent gastric acid-suppressing agents,
proton pump inhibitors (PPIs) and histamine Ha receptor
antagonists (H2RAs), are widely used to treat GERD. PPIs
such as lansoprazole (LPZ), rabeprazole, and omeprazole,
the most potent acid inhibitors available, are often used for
first-line treatment. Controlled studies have demonstrated
that PPIs are far more effective than H2RAs in patients
with GERD"”. 1In the treatment of reflux esophagitis,
H>RAs have a number of disadvantages compared to PPIs,
including shorter lasting efficacy and the development
of tachyphylaxis, both limiting routine use"’. In contrast,
PPIs are highly effective, and produce profound and
sustained inhibition of gastric acid secretion, making these
agents the mainstay of treatment for GERD.
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GERD has a high rate of relapse. The rising use
of PPI therapy on demand has raised issues regarding
efficacy. Several studies have demonstrated that on demand
therapy with PPIs provides an alternative to continuous
treatment in patients with non-severe GERD""", However,
pH monitoring studies' ™™ have shown that PPIs require
2 d to 3 d to inhibit acid secretion efficiently. In contrast,
H:RAs potently and promptly suppress gastric acid
secretion” ™', In this respect, H-RAs might have advantage
over PPIs, especially on the first day of treatment,
i.e., when used on demand, for GERD. Furthermore,
concerning the characteristics of GERD in Japan, it is
important to distinguish the significant difference of acid
secretion in Japanese patients when compared with that
of western countries' ™. Acid secretion among Japanese
patients is lower compared to that of western population
irrespectively of the status of H pylori infection. Moreover,
endoscopic studies™ have shown that GERD is mild in
most Japanese patients. HoRAs are thus sometimes used
for the treatment of mild-to-moderate GERD in Japan.

Lafutidine is a newly synthesized H2RA. Previous
studies have shown that lafutidine promptly inhibits gastric
acid secretion not only at night but also during the day"",
in contrast to other conventional HaRAs. Since patients
with GERD often have symptoms during the day, we
evaluated lafutidine in this study.

Few studies'” have examined the correlation between
intragastric pH and blood drug concentrations in the
early phase (1-6 h) after a single dose of H2RAs or PPIs.
The acid inhibitory activity of PPIs depends significantly
on cytochrome P450 (CYP) 2C19 genotype, as well as
on intrinsic pharmacokinetic and pharmacodynamic
characteristics and dosing schemes™ ). CYP2C19
genotypes were therefore determined for all participants in
this study.

The major aim of this study was to compare the
antisecretory activity of a single oral dose of 10 mg
latutidine (H2RA) with that of a single dose of 30 mg
LPZ (PPI). We also examined the correlation between
intragastric pH and plasma drug concentrations during the
catly phase (1-6 h) after single-dose administration.

MATERIALS AND METHODS

Participants

Ten healthy male volunteers aged between 24 years and
48 years (mean, 28.7 years) and weighing 55 kg to 86 kg
(mean, 68.6 kg) were included. Nobody of them had a
history of gastrointestinal or hepatobiliary disease or of
H pylori eradication therapy. None were receiving regular
medication. All volunteers gave written informed consent.
The study protocol was approved by the ethical committee
of Tohoku University Graduate School of Medicine.

Detection of H pylori infection

H pylori infection was diagnosed by the *C-urea breath
test®. A total of 10 H pylori-negative volunteers wete in-
vited and agreed to participate in this study.

Cytochrome P450 (CYP) 2C19 genotyping

After obtaining informed consent, a venous blood sample

was collected from all participants. DNA was extracted
from the nuclei of venous white blood cells. Genetic
mutations were analyzed by either the polymerase chain
reaction-restriction fragment length polymorphism (PCR-
RFLP) method™! or by the TagMan PCR amplification
method (Applied Biosystems Japan, Chiba, Japan®). On
the basis of point mutations in exons 4 and 5, CYP2C19
gene status can be classified as homo-extensive metabolizer
(homo-EM), hetero-extensive metabolizer (hetero-EM),
ot poor metabolizer (PM)**. Homo-EM has wild type
alleles (wt/wt) without any mutation in exons 5 or 4; PM
has mutated alleles (m1/m2) with mutations in both exons
5and 4 (m1/m2, m1/m1, or m2/m2); and hetero-EM has
a mutated allele in either exon 5 or 4 (wt/m1 or wt/m2).

Study protocol

All subjects (homo-EM = 3, hetero-EM = 6, PM = 3)
participated in an open-label crossover study with
lafutidine 10 mg or LPZ 30 mg. They were randomly
assigned to receive a single oral dose of lafutidine 10 mg
tablets or LPZ 30 mg capsule at a fixed time. A washout
period of at least 14 d intervened between the two study
periods. Intragastric pH was monitored for 6 h after drug
administration. To monitor intragastric pH, a pH electrode
was inserted transnasally and positioned fluoroscopically
in the gastric corpus, approximately 10 cm below the
esophagogastric junction. Intragastric pH was measured
at 10-second intervals by means of a portable pH meter
attached to a glass pH electrode (Chemical Instrument,
Tokyo, Japan). The pH eclectrode was calibrated before
each recording, using standard buffers of pH 1.68, 4.01,
and 6.86. The pH data were analyzed using a commercially
available software (Chemical Instrument). No food was
allowed, and 100 mL of tap water was allowed only when
participants felt thirsty. All subjects were instructed to
remain upright; normal daily activities were not restricted.

Sample collection and assay for lafutidine and LPZ plasma
concentration

To study the correlation between intragastric pH
and plasma drug concentrations, blood samples were
randomly collected from four individuals (No. 3, 5, 6, 7)
in heparinized tubes before and 0.25, 0.5, 1, 1.5, 2, 3,
4, and 6 h after drug administration. Blood samples
were immediately centrifuged at 3000 t/min for 10 min.
All samples were stored at -20°C until assay. Plasma
LPZ levels were measured by high performance liquid
chromatography/tandem mass spectrometry®*,
This method requires only 20 ul. of serum and is a
simple procedure. Analytes and the internal standard
(lansoprazole deuterium derivatives) were separated using
a mobile phase of acetonitrile/1 mmol/L ammonium
formate (140/60, mIL/L) on a C18 analytical column and
analyzed in the selected reaction-monitoring (SRM) mode.
Detection limit was 500 fg/20 pL.

Plasma lafutidine concentrations were determined by
high-performance liquid chromatography (HPLC), using
2-phenyl-1H-benzimidazol as an internal standard (IS).
A 1 mL plasma sample added to 0.5 mL of 1 N NaOH
and 0.05 mL of IS (20 pg/mL) was mixed with 5 mL of
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Subject CYP2C19 Age Height (cm) Body weight (kg) BMI

1 Homo-EM 23 171 70 239
2 Homo-EM 26 170 58 20.1
3 Homo-EM 28 169 60 21.0
4 Hetero-EM 22 165 60 22.0
5 Hetero-EM 28 170 80 27.6
6 Hetero-EM 40 172 75 25.3
7 Hetero-EM 44 181 82 25.0
8 PM 23 172 60 20.2
9 PM 23 175 55 18.0
10 PM 30 174 86 28.4

Homo-EM: Homo-extensive metabolizer; Hetero-EM: Hetero-extensive
metabolizer; PM: Poor metabolizer.

n-hexane/dichloromethane (1:1). The mixture was shaken
and then centrifuged at 3000 r/min at 5°C for 5 min. The
organic phase was dried under a stream of nitrogen. The
residue was dissolved in 0.2 mL of 10 mmol/L phosphate
buffer (pH 6.1):acetonitrile (77:23), and the solution was
injected into an HPLC system (Waters-2690) with a YMC-
Pack Pro C18 column (4.6 i.d. X 150 mm, 5 pm), and a
flow rate of 1 mL/min. UV absorbance was quantified at
230 nm. Detection limit was 5 ng/mL.

Statistical analysis

Intragastric pH is expressed as median values (ranges).
Differences in between groups were assessed with the
Wilcoxon signed-rank test. P values < 0.05 were considered
to be statistical significant.

RESULTS

All 10 volunteers (all men; mean age, 28.7 years) completed
the study according to the protocol. There were no adverse
events. Three subjects were homo-EMs, 4 were hetero-EMs,
and 3 were PM (Table 1).

Median intragastric pH values during the first 6 h after
the administration of each drug are shown in Figure 1.
The median intragastric pH was significantly higher with
lafutidine 10 mg than with LPZ 30 mg 2 h, 3 h, 4 h, 5 h,
and 6 h after drug administration.

Mean plasma drug concentrations during the first 6 h
after treatment are shown in Figure 2. The time to peak
plasma concentration (T,,,) was shorter with lafutidine 10 mg
(1 h) than with LPZ 30 mg (2 h)

DISCUSSION

PPIs and H,RAs are potent agents widely used for the
treatment of GERD. Recently, the frequency of GERD
has been increasing in Japan. Endoscopic studies have
shown that the overall prevalence of reflux esophagitis
among Japanese adults is 14% to 16%5.

The increasing use of on-demand PPI therapy has
raised various issues regarding efficacy. On-demand
therapy has been reported an alternative to continuous
treatment in patients with mild-to-moderate GERD who
have frequent symptomatic relapses!''?. Although many
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clinicians regard PPIs to be superior to H,RA in terms of
continuous gastric acid supptession, a systematic review!"!
of the efficacy of PPIs for heartburn relief during the
first 1 d to 2 d of therapy found that symptoms were
completely relieved for the entire day in about 30% of
patients after their first dose. In contrast, H,RAs potently
and quickly suppress gastric acid secretion!'” and may thus
have advantages over PPIs, especially for the on-demand
treatment of GERD.

The incidence of atrophic gastritis in the general
population is estimated to be higher in Japan than in
western countries*?'l) whereas gastric acid levels ate
generally lower in Japan!'"”l. Moreover, endoscopic
studiesP* have reported that most Japanese patients
have nonerosive reflux disease or mild forms of GERD.
Consequently, some Japanese patients use H,RAs rather
than PPIs for the management of mild-to-moderate
GERD. Against this background, we compared the H,RA
lafutidine with LPZ, one of the most widely used PPIs for
the treatment of GERD in Japan.

In this study, lafutidine 10 mg was associated with a
significantly prompter rise in intragastric pH and stronger
inhibition of gastric acid secretion than was LPZ 30 mg
during the early period (1-6 h) after administration of
a single oral dose of either drug. Moreover, analysis of
blood samples collected from randomly selected subjects
showed that lafutidine 10 mg produced a significantly
faster prompter rise in the plasma drug concentration than
did LPZ 30 mg. These findings suggest that lafutidine
10 mg is especially useful for the on-demand treatment
of acid-related symptoms in patients with mild GERD
because of its prompter onset of action. However, we
must consider the fact that H,RA have a number of
disadvantages as compared with PPI, including a shorter
duration of action and the development of tachyphylaxis,
limiting routine use"l.

Our results are attributed to the different mechanisms
of action of PPIs and H,RAs. PPIs are absorbed in the
small intestine and transported #a the systemic circulation to
gastric parietal cells, where they bind to the proton pump and
potently inhibit gastric acid secretion™. Some time is required
for the PPIs to accumulate in parietal cells and then inhibit
acid secretion. HRAs are absorbed in the small intestine,
reach gastric cells vz the systemic circulation, and then
directly and rapidly bind to gastric cell histamine receptors,
resulting in immediate inhibition of gastric acid secretion.

Inhibition of gastric acid secretion by PPIs is known to
significantly depend on CYP2C19 genotype status, as well
as on intrinsic pharmacokinetic and pharmacodynamic
characteristics and dosing schemes”™”"!, PPIs, such as LPZ,
omeprazole, and pantoprazole, are mainly metabolized by
CYP2C19 in the liver. As stated above, CYP2C19 genotypes
are classified into the three groups: homo-EM, hetero-
EM, and PM. Plasma PPI levels and intragastric pH values
during PPI treatment are lowest in homo-EM, followed by
hetero-EM, and highest in PMP#, Although the subjects
this study included 3 PMs, lafutidine 10 mg was associated
with a prompter rise in median intragastric pH during the
early period (1-6 h) after administration of a single oral
dose, as compared with LPZ 30 mg;
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Figure 1 Median intragastric pH during a 6 h post
a administration period for all subjects (n = 10). The solid line (e)
shows the hourly median intragastric pH after administration of
10 mg lafutidine, and the broken line (m) that after administration
of 30 mg LPZ. The median intragastric pH values during the post
administration period were significantly higher with lafutidine
than with LPZ 2, 3, 4, 5, and 6 h after drug administration. Arrow:
drug administration. The statistical significance of differences
between the drug groups in intragastric pH among was assessed
with the Wilcoxon signed-rank test. °P < 0.05 vs LPZ pH.
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Figure 2 Plasma drug concentrations during a 6 h post
administration period in four individuals (No. 1, 4, 5, 6). The
solid line () indicates the plasma drug concentration after
the administration of 10 mg lafutidine, and the broken line (m)
that after the administration of 30 mg LPZ. Lafutidine (Tmax 1 h)
reached its peak plasma concentration faster than LPZ (Tmax 2 h).
Arrow: Drug administration.
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In conclusion, lafutidine 10 mg has a prompter onset of
action than LPZ 30 mg in the eatly phase (1-6 h) after admin-
istration of a single oral dose. Lafutidine may thus offer ad-
vantages over LLPZ for the on-demand treatment of GERD.

COMMENTS

Background

The prevalence of Gastroesophageal reflux disease (GERD) symptoms is now
increasing in Japan. Concerning the characteristics of GERD in Japan, it is
important to distinguish the significant difference of acid secretion in Japanese
patients when compared with that of patients from western countries. Acid
secretion among the Japanese individuals lower when compared to that of the
western population irrespectively of H pylori infection status. In Japan, histamine
H, receptor antagonists (H,RAs) are thus sometimes used for the treatment of
mild-to-moderate GERD.

Research frontiers

To compare lafutidine 10 mg (H,RAs) to LPZ 30 mg (proton pump inhibitors: PPI)
in the antisecretory activity and blood drug concentration in the immediate early
period after administration of a single dose.

Innovations and breakthroughs
Few studies have reported the effect at the early post-administration phase (1-6 h) of
single dose of H.RA and PPI.

Applications

We clearly state that lafutidine 10 mg has a prompter onset of action than LPZ

30 mg in the early phase (1-6 h) after administration of a single oral dose. It is
reported that rapid acid suppression is important for effective pain relief at the onset
of treatment in GERD patients. Thereby, our results show that lafutidine offers
advantages over LPZ for the on-demand treatment of GERD.

Peer review

This is a nice clear study. The authors ascertained the effectiveness of lafutidine
compared with LPZ in the elevation of intragastric pH in the inmediate early period
after a single oral administration.
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