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Endoscopic Submucosal Dissection (ESD)

in Japan from the Viewpoint of Cosi-
effectiveness

Osamu KATAYAMA*? et al.

*Department of Endoscopy, Saitamu-ken Saiscikai Kuri-

HILB I

hashi Hospital, Saitamy, Japan et al.

In view of the prices of the IT knife® (35,000yen),
Hook knife® (30,000ven), and Flex knife® (13,500yen), t
is obviously unjust that the technical fee for EMR, includ-
ing ESD method, is only 49,700yen in Japan. To study the
economic problems, we sent out questionnaires on ESD
to 69 hospitals and clinics, and got answers fom 21
hospitals. The average cost for the equipment and drugs
was 70,757yen for ESD for lesions within the indications
set hy the JGCA gastnic cancer trealment guidelines,
80,787ven for ESD for lesions with ulcer scars, and
81,632yen for ESD for lesions over 2 em,
key words: cndoscopic mucosal resection (EMR), endo-
scopic submucosal dissection (ESD), cost - effectiveness

Legends to Figures and Tables

Figure 1  Cost of equipment for ESD.

Figure 2  Cost of drugs for ESD.

Figure 3 Time required for ESD,

Table 1 Questionnaire on equipment for ESD.

Table 2 Questiopnaire on drugs, time, and staff for
ESD.

Table 3 Hospitals and institutes.

Table 4  Equipment for ESD.

Table 5 Drugs for ESD.

Table 6  Times and staffs for ESD.

Table 7 Cost, time, and staff required for ESD for
lesions within the indications set by the JGCA
gastric cancer treatment gudelines,

Table 8  Cost, time, and staff required for ESD for
lesions with ulcer scars.

Table 3 Cost, time, and staff required for ESD for
lesions gver 2 cm.
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The hepatitis C virus (HCV) is a major cause of liver disease
worldwide. The understanding of the viral life cycle has been
hampered by the lack of a satisfactory cell culture system. The
development of the HCV replicon system has been a major ad-
vance, but the system does not produce virions. In this study, we
constructed an infectious HCV genotype 1b ¢DNA between two
ribozymes that are designed to generate the exact 5’ and 3’ ends
of HCV. A second construct with a mutation in the active site of the
viral RNA-dependent RNA polymerase (RdRp) was generated as a
control. The HCV-ribozyme expression construct was transfected
into Huh7 cells. Both HCV structural and nonstructural proteins
were detected by immunofluorescence and Western blot. RNase
protection assays showed positive- and negative-strand HCV RNA,
Sequence analysis of the 5’ and 3’ ends provided further evidence
of viral replication. Sucrose density gradient centrifugation of the
culture medium revealed colocalization of HCV RNA and structural
proteins in a fraction with the density of 1.16 g/ml, the putative
density of HCV virions. Electron microscopy showed viral particles
of =50 nm in diameter. The level of HCV RNA in the culture medium
was as high as 10 million copies per milliliter. The HCV-ribozyme
construct with the inactivating mutation in the RdRp did not show
evidence of viral replication, assembliy, and release. This system
supports the production and secretion of high-level HCV virions
and extends the repertoire of tools available for the study of HCV
biology.

assembly | cell culture | infection | ribozyme | viral replication

he hepatitis C virus (HCV) is an important cause of human

illness worldwide (1). Although it has proven to be a difficult
public health problem, it has been no easier to study in the
laboratory. A major impediment has been the lack of robust
model systems to study the complete viral life cycle. HCV is a
member of the Flaviviridae family of =9.6 kb, and it has a central
OREF flanked by the 5’ and 3’ noncoding regions. The ORF is
divided into the coding sequences for the structural proteins at
the 5" end and the nonstructural proteins at the 3’ end. Study of
the biology of hepatitis C at a molecular level focused initially on
expression and manipulation of individual viral proteins in tissue
culture.

The development of the subgenomic and genomice replicons is
a major breakthrough to understanding viral replication and
viral-cell interactions and provides a means to test therapeutic
targets (2, 3). However, as yet, none of these systems produce
viral particles, nor do they produce infectious virions. Although
some infectious tissue culture systems have been described; in
general, these systems have not been robust enough to study the
complete viral life cycle (4, 5).

Why virion production has been such an elusive goal remains
unclear; however, the promise of a system that produces au-
thentic virions is clear. Not only would more of the biology of the
virus become accessible for study, but also such a system would
provide a means to screen a wider range of potential therapeutic
compounds. There is evidence for an inverse relationship be-
tween viral replication in tissue culture and virulence in the host
organism. This relationship is true for hepatitis A, and there is
evidence that it may be true for HCV as well (6, 7). Regardless
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of the reason for this difficulty, there is an urgent need to
establish such a system if improved therapies are to be devel-
oped, particularly given the absence of a simple small-animal
model of HCV infection. This need is especially true for geno-
type 1, given that this genotype is the major genotype of human
infections worldwide and is the type most resistant to current
therapies (8, 9).

In this study, we describe an in vitro HCV replication system
that is capable of producing viral particles in the culture medium.
A full-length HCV construct, CG1b of genotype 1b, known to be
infectious (10), was placed between two ribozymes designed to
generate the exact 5 and 3’ ends of HCV when cleaved. By using
this system, we showed that HCV proteins and positive and
negative RNA strands were produced intracellularly, and viral
particles that resemble authentic HCV virions were produced
and secreted into the culture medium. This system provides a
unique opportunity to further study the life cycle and biology of
HCV and to test potential therapeutic targets,

Materials and Methods

Plasmid Construction. The ribozymes were constructed by means
of three pairs of overlapping primers that were based on a
described ribozyme pair that was functional in hepatocytes (11).
The innermost set (5'-CGG TAC CCG GTA CCG TCG CCA
GCC CCC GA and 3'-ACG GAT CTA GAT CCG TCA CAT
GAT CTG CA) was used to amplify pHCVGFP2. The pH-
CVGFP2 was derived from an infectious full-length HCV CG1b
clone (10) and was constructed by replacing the HCV sequences
between nucleotide 709 (ClaT) and 8935 (BglIl) by the sequence
coding for the GFP. The middle (5'-TCC GTG AGG ACG AAA
CGG TAC CCG GT and 3'-CAC GGA CTC ATC AGG ACG
GAT CTA GA) and outermost (5'-GGC TGG CCT GAT GAG
TCC GTG AGG A and 3'-GAT CAT GTT'CGT CCT CAC
GGA CTC A) sets were then added on to this sequence by PCR.
This fragment was cloned into the Sl site of pCMV-Script
(Stratagene) and in turn subcloned into pcDNA3.1 (Invitrogen)
by using Notl and HindIIl sites to generate the pHt plasmid.
pcDNA has both a CMV and a T7 promoter. The GFP was then
removed, and the missing part of the HCV sequence was
reinserted to generate the pHr plasmid. The pHr was used to
generate the HCV-ribozyme RNA by T7 polymerase to assess
the efficiency of the ribozymes. The HCV-ribozyme fragment
was subcloned into pTRE2hyg+ (Clontech) under the control of
a tetracycline-responsive promoter. This construct was named
pTHr. In all the experiments described in this study, pTHr
transfection always refers to cotranstection with pTet-Otf (Clon-
tech) expressing the tetracycline-responsive transactivator. A
mutation in the GDD motif of the polymerase (GDD->GND)
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A TRE Rbz HCV Rbz tIVSpA B
GG rCrp
o TACCGTCGCCAGCCCCCGA .. ... TGCAGATCATGTGACGGA
¢ o ATGGCA CGGTCGG ... 5’ 3'...CTAGTAC CTGCCT,
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Fig. 1. Construction of HCV-ribozyme plasmid. (A) The design of the construct is shown with the positions and sequences of the ribozymes (Rbz) flanking the
5'and 3’ ends of the HCV CG 1B sequence. The cleavage sites are indicated by arrows. The boxes shown 5’ and 3’ to the construct represent the promoter sequence
(5" end) and the simian virus 40 small T antigen intron and polyadenylation signal (3' end). (B} An RNA gel with in vitro transcription products from pHr. The
first lane shows molecular weight (MW) markers, and the second lane shows a sense transcript beginning at the 5' end under the control of the T7 promoter.
(Upper) The expected fragments at ~9,500 and 5,400 nucleotides are indicated by arrows. The third lane shows an antisense transcript from the 3' end under
the control of a T3 promoter showing bands representing the full length of the plasmid and a population of RNA 1,400 bp long that possibly represents a
termination sequence or difficult secondary structure at that region. {Lower) The expected 150-nt fragment can be seen on this gel with longer exposure (both

lanes labeled T7).

was introduced into this construct, and the mutated construct
was named pTHrGND. The plasmid pTREhyg2+, without any
insert, was also used as a control and is hereon referred to as
pTRE.

Tissue Culture and Transfection and RNase Protection Assay. A
human hepatoma cell line (Huh7) was maintained at 37°C in
Dulbecco’s modified Eagle’s medium containing 10% FBS with
5% CO,. Transfection was carried out by using Lipofectamine
(Invitrogen) according to the manufacturer’s instructions. RPA
111 ribonuclease protection assay kits (Ambion) were used
according to the manufacturer’s directions. The probe used was
transcribed from a construct containing the core region from
nucleotide 342 to nucleotide 707 of HCV CG1b strain flanked
by the T3 and T7 promoters.

Immunofluorescence and Western Blot. Huh7 cells were grown on
glass coverslips and transfected as described. Cells were fixed
with acetone/methanol on ice at different time points after
transfection, Cells were washed with PBS three times, incubated
with primary antibody for 1 h, washed with PBS, incubated with
secondary antibody, and washed again with PBS. Monoclonal
antibodies against the core (Cl) and E1 (A4) were from H.
Greenberg (Stanford Medical School, Palo Alto, CA) (12). The
anti-E2 monoclonal antibodies AP33 and ALP98 were from A.
Patel (Medical Research Council, Glasgow, Scotland) (13). The
NS5A monoclonal antibody was obtained from J. Lau (ICN).
The Cy3-labeled donkey anti-mouse lgG was obtained from
Kirkegaard & Perry Laboratories. The same primary antibodies
were used for Western blotting. The peroxidase-labeled goat
anti-mouse 1gG used as the secondary antibody was obtained
from Kirkegaard & Perry Laboratories.

Sucrose Gradient Density Centrifugation. The tissue culture me-
dium was centrifuged to remove cellular debris, and the super-
natant was pelleted over a 30% sucrose cushion. The pellet was
resuspended in TNC buffer (10 mM TrissHCl, pH 7.4/1 mM
CaCl,/150 mM NaCl) with EDTA-free protease inhibitors

2580 | www.pnas.org/cgi/doi/10.1073/pnas.0409666102

{Roche Applied Science) and applied onto a 20-60% sucrose
gradient (10.5-ml volume) in SW41 tubes (Beckman Coulter)
and centrifuged at 100,000 X g for 16 h at 4°C. We collected 1-ml
fractions from the top of the gradient. The fractions were tested
for HCV proteins and viral RNA as described below. Cryoelec-
tron microscopy was performed by using standard techniques.

HCV RNA, Protein Quantitation, and RACE. HCV RNA level was
quantitated by using the TagMan real-time PCR method as
described in ref. 10. RNA was extracted from 100 pul of the
sucrose gradient fractions or tissue culture media by using
TRIzol (Invitrogen) and resuspended in 20 ul of double-filtered
RNase-free water. Samples were tested in duplicate. The core
protein was quantitated by using the HCV core ELISA kits,
which were provided by S. Yagi (Advanced Life Technology,
Saitama, Japan) and used as described in ref. 14. Samples were
tested in 50- or 100-ul aliquots. RNA was extracted by using
TRIzol (Invitrogen), reverse-transcribed, and amplified by RNA
ligase-mediated RACE (RLM-RACE, Ambion). The 5" and 3’
RACE procedure was performed as described in ref. 15.

Results

Ribozyme Activity. To prove that the ribozymes function properly
in the context of HCV genome, the HCV-ribozyme RNA was
generated by in vitro transcription of pHr and analyzed by
formamide gel electrophoresis. The results are shown in Fig. 1B.
A band corresponding to the full-length HCV genome of ~9,587
nt was detected. Also seen were bands corresponding to the
vector (5,400 nt), a 150-nt fragment corresponding to the RNA
between the T7 transcription initiation and the cleavage site of
the 5’ ribozyme, and other molecular weight fragments probably
representing uncleaved or prematurely terminated transcripts. A
similarly expected pattern of cleavage was also observed with the
pHt, which is the precursor construct of the pHr and contains the
GFP sequence in place of the HCV polyprotein sequence (data
not shown). Further proof of the ribozymes cleaving correctly is
discussed later with the RACE results.

Heller et al.



pTRE pTHr pTHrGND
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HCV
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Fig. 2. Detection of HCV positive- and negative-strand RNAs. (Upper) The
experiment. Shown are the total cellular RNA probed for the HCV core
sequence, either positive or negative strand, and the findings when cellular
RNA from pTRE-, pTHr-, or pTHrGND-transfected cells were probed for either
positive- or negative-strand core sequence. (Lower) The control. Shown is the
total cellular RNA probed for GAPDH messenger RNA. Note that the amounts
are roughly comparable in the three lanes.

HCV RNA and Protein Production in Transfected Cells. Both positive-
and negative-strand HCV RNAs were detected in cells trans-
tected with pTHr (Fig. 2). The level of positive-strand HCV
RNA was at least 10-fold higher than the level of negative-strand
HCV RNA in multiple experiments. The GND mutant
pTHrGND produced a small amount of positive-strand RNA
but did not produce any detectable negative-strand RNA. The
positive-strand RNA produced with the GND mutant was less
than that produced with pTHr. No viral RNA was detected in
cell lysates transfected with pTRE.

Cells transfected with pTHr or the control plasmid pTRE
were analyzed by immunofluorescence with monoclonal anti-
bodies directed against the core, E2, and NS5A. A granular
cytoplasmic staining was seen with antibodies against all three
proteins (Fig. 3). A time-course experiment showed peak protein
expression on day 2 and a significant decrease on day 4 after
transfection (data not shown). The percentage of cells with
fluorescence was ~10%, despite the transfection efficiency of
=~50% with a GFP-containing plasmid (data not shown). No
immunofluorescence was seen in the cells transfected with
pTRE.

Western blot of cell lysates transfected with pTRE or pTHr
showed the presence of core, E2, and NS5A in cells transfected
with pTHr but not in cells transfected with pTRE (Fig. 4). As
expected, viral protein was not detected in the presence of
doxycycline (data not shown). Furthermore, little or no HCV
protein was detected in pTHrGND-transfected cells, sugaesting
that viral replication is required for efficient protein production
in this system (data not shown).

HCV Virion Production and Secretion. To assess the possibility of
HCYV particle production, culture medium of the pTHr- and
pTHrGND-transfected cells was subjected to sucrose density
gradient centrifugation. The fractions were analyzed for two
HCV structural prateins, core and E2, and HCV RNA. These
results are shown in Fig. 54. In the culture medium from cells
transfected with pTHr, a peak of HCV proteins and RNA
coincided in fraction 5, which has the density of 1.16 g/ml. This
density is consistent with the published density of free HCV
virions (16). Viral particles were visualized by electron micros-
copy only in fraction 5 (Fig. 5B). These particles are heteroge-
neous in appearance and have at least two sizes (=50 and 100 nm
in diameter) with the 50 nm being the major form. This
heterogeneity has been described in ref. 17, Viral particles are
double-shelled and appear to have spike-like projections from
their surface. Shown in Fig. 54 are the results for pTHrGND-

Heller et al.

Fig. 3. Detection of HCV proteins by immunofluorescence. (A) Low-power
view of cells transfected with pTHr and stained without primary antibody but
with the secondary antibody. No fluorescence was seen. (B) Low-power view
of cells transfected with pTHr and stained with anti-core. Multiple cells with
fluorescence can be seen. {C) Low-power view of cells transfected with the
control pTRE and stained with anti-core. There was no fluorescence. (D)
High-power view of B. (£ and F} High-power views of cells stained with anti-£2.
Cells were transfected with pTRE (E) or pTHr (F). (G and H) High-power views
of cells transfected with pTRE (G) and pTHr (H) and stained with anti-NS5A .

transfected cells. The HCV protein and RNA levels are at least
10-fold less than those of the pTHr-transfected cells.

RACE. RACE was used to ensure the exact cleavage of the 5’ and
3’ ends of HCV by the ribozymes. In vitro-transcribed RNA from
pHr and RNA from the culture medium of pTHr-transfected
cells were analyzed by RACE. The 5' end of the in vitro-
transcribed RNA, as expected, had the same sequence as the
cDNA construct (Fig. 64). However the 3' end of the in vitro
transcript could not be amplified by RACE, possibly because of
a less efficient cleavage by the 3’ ribozyme and subsequent
difficully in amplifying a heterogeneous population of the 3’
ends. Both the 5" and 3’ ends of HCV RNA from the culture
medium were successfully determined. Interestingly, a change in

pTHr pTRE pTHr pTRE pTHr pTRE
MW MW MW
70 kDa = 60 kDa
20 kDa =
Fig.4. Detection of HCV proteins by Western blot. in each blot, the first lane

shows cells transfected with pTHr and the second lane shows cells transfected
with pTRE. The molecular weights are shown on the left of the blots. (Left) Blot
was probed with anti-core. (Center) Blot probed with anti-E2. (Right) Blot
probed with anti-NSSA.
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Buoyant density (wml}

Sucrose density gradient analysis of culture medium of HCV-transfected cells. (A) {Lower) Results of the sucrose gradient for pTHr (solid lines) and

pTHrGND (dotted lines) transfections. The buoyant density of the sucrose is plotted with the levels of HCV RNA measured by TagMan PCR and HCV core protein
measured by core ELISA. (Upper) Western blot for the E2 protein in the fractions of the sucrose gradient of the pTHr transfection. Each lane corresponds to the
fraction number below it onthe x axis of the graph. Three hundred microliters of each fraction was spun at 100,000 x g for 90 min, and the pellet was resuspended
in loading buffer and used for the Western blot. {B) Cryoelectron microscopy of fraction 5. (Bar, 100 nm.)

the most 5" nucleotide from G to A was noted; this change has
been frequently observed in HCV RNA replicons and circulating
HCV RNA in infected humans (15). In the 3’ end, two nucle-
otide changes in the stem loop region were noted: U—A and
A->U. These changes preserved the stem loop structure (Fig.
6B). Such changes have also been reported in HCV RNA from
infected individuals (18). The RNA levels in the medium of the
GND-transfected cells were not adequate to perform RACE.

Discussion

Since the discovery of HCV in 198Y, working with HCV has
proven to be difficult, mostly because of the lack of model
systems (19). Each aspect of the life cycle has been difficult to
reproduce in vitro. The infectious clone was developed after
multiple attempts and had to be demonstrated in a chimpanzee
(20, 21). Other small-animal models require complicated sys-
tems (22, 23). In vitro, virus obtained from infected individuals
can replicate only in certain B cell lines and primary human

A a8 5GCCAGCCCCCGATTGGGGGC. ..
b 5°GCCAGCCCCCGAVUGGGGGC. ..
C STHICCAGCCCCCGAUUGGGGGC...

G-C
U-A
A-U
C-G
5..CCG Uy

Fig. 6. Sequences of the 5" and 3’ ends of HCV RNA. (A) The cDNA sequence
for the 5" end of the CG1B strain (a) and the RACE results for the 5’ ends of in
vitro-transcribed RNA {b) and of the HCV RNA from the culture medium (c). (8)
The ¢cDNA sequences and the stem-loop structures of the 3' ends of the CG1b
strain (Left) and the HCV RNA from the medium (Right). Nucleotide changes
are boxed.

2582 | www.pnas.org/cgi/doi/10.1073/pnas.0409666102

hepatocytes but only at a low level (4, 5). Until the development
of the replicon, most model systems have been difficult to work
with (2, 24). Development of virus-like particles and pseudovirus
have allowed study of viral entry into the cell but do not model
other aspects of the viral life cycle (25-28). Therefore, a model
system with viral replication, assembly, and release is urgently
needed. Furthermore, genotype 1, the most prevalent form of
HCV and the most difficult to treat, was chosen for this model.

By engineering two hammerhead ribozyme sequences, one at
the 5' end and the other at the 3’ end of an infectious HCV
c¢DNA clone, we generated a DNA expression construct for the
production of HCV virions. An important initial consideration
was to ensure that the ribozymes are indeed functional. This
functionality was demonstrated by in vitro-translation and
RACE. Transfection of this HCV-ribozyme construct into Huh7
cells demonstrated the production of structural and nonstruc-
tural proteins by immunofluorescence and Westérn blot. Both
positive- and negative-strand RNAs could be detected intracel-
lularly. As expected, the positive strand is much more abundant
than the negative strand.

The GND mutant was constructed as a control to determine
the extent of replication in this model. Evidence for replication
was derived from a number of results. The simplest evidence was
the presence of negative-strand viral RNA in pTHr-transfected
cells and the lack of negative strand in pTHrGND-transfected
cells. A >10-fold difference in the relative amounts of the
positive-strand viral RNA between the wild-type and GND
constructs provided additional evidence. This observation can
be explained by the lack of amplification as a result of defective
replication. The positive strand scen with the GND mutant was
generated from transcription of the cDNA plasmid. This differ-
ence in product was also evident in the culture medium. The
amounts of viral RNA and core protein on the sucrose gradients
were >10-fold higher in wild-type cells than in the GND
mutant-transfected cells. The final and perhaps the most inter-
esting evidence for replication is the RACE findings. The 5" and
3’ nucleotide changes have been described in refs. 15 and 18. The
G— A switch of the initial nucleotide of HCV is associated with
replication in vivo and in vitro (15). A transposition from an A-T
to 4 T-A base pairing has also been reported (18) and represents
a base pair in the putative terminal stem loop of the 3’ end of

Heller et al.



HCV. These observations provide support for the replication of
viral RNA in this system.

Evidence for assembly and releasc was derived in a number of
ways. The presence of HCV RNA in the media with the exact 5°
and 3’ ends showed that the correctly processed RNA was
secreted into the culture medium. The association of viral RNA
and core and E2 protein in the same fraction on the sucrose
gradient with a density of 1.16g/m! (the published density of free
HCV virions) supported the interpretation that viral particles
are assembled and secreted into the medium. The most com-
pelling evidence is the visualization of particles resembling
virions by electron microscopy, and these particles were visual-
ized only in fraction 5, where viral RNA and proteins are present.
It is interesting that the core protein extends into fractions 6 and
7 more than the viral RNA and E2 protein. This core reactivity
might represent free core particles, although they were not seen
on electron microscopy (29). The production and release of
HCV particles is rather robust in this system, capable of achiev-
ing >10 million copies of HCV RNA per ml in the culture
medium.

Although replicons using the full-length HCV genome have
been developed, particles have not been described. In those
replicons where sequence coding for the neomyein is included,
difficulty in packaging a longer RNA molecule might be the
problem. Alternatively the block could be the result of the
inhibitory effects of the replicon adaptive mutations on virion
assembly and release. Both possibilities are speculative. How-
cver, in the system presented here, there is no extrancous RNA
and, although mutations can and do occur (see the RACE
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results), the source of the RNA (the cDNA) maintains a stable
sequence without adaptive mutations. This difference might
partially explain why particles are seen. It may also be of
importance that there is a constant RNA production inside the
cells being channeled directly into the appropriate cellular
machinery for assembly.

This model system does not allow the study of viral entry and
the carliest events in the HCV life cycle. In addition, whether
these particles are infectious or not remains to be determined.
The HCV sequence used is known to be infectious in chimpan-
zees. It should be noted that the sequence is genotype 1h. The
results that would be obtained with other genotypes in this
system is unknown. Despite these caveats, it represents a robust
system to study the viral life cycle, specifically viral assembly and
release. Very little is known about the assembly and release of
HCV. This work might present an opportunity to better elucidate
the biology of HCV as well as to develop therapeutic targets for
the treatment of hepatitis C, in particular for genotype 1.

Note Added in Proof. During the preparation of this manuscript, two
groups (T. Wakita, T. Takanobu, T. Date, and M. Miyamoto and T.
Pietschmann, G. Koutsoudakis, S. Kallis, T. Kato, S. Foung, T. Wakita,
and R. Bartenschlager) at the 11th International Symposium on HCV
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production of infectious HCV in cell culture by transfecting a tull-length
HCV RNA genome.
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Letters to the editor

Evaluation of the effects of anti-secretory
drugs on intragastric acidity: is combined

therapy with a proton pump inhibitor and
an H, receptor antagonist effective as
initial treatment?

To the Editor: The ideal medication for acid-related gastric dis-
eases should have a rapid onset of action to decrease intragastric
pH. Proton pump inhibitors are currently the most potent inhibi-
tors of gastric acid secretion when used regularly.! On the other
hand, previous reports have described that H, receptor antago-
nists increase intragastric pH more rapidly than proton pump
inhibitors,? and we? have also observed that famotidine acts
significantly faster and provides stronger inhibition of intragastric
acid secretion than omeprazole. However, few studies have exam-
ined the effects of the intravenous dosing of a proton pump
inhibitor and an H, receptor antagonist combined as an initial
treatment.

Six healthy male volunteers (mean age, 28 years; range, 22-34
years) participated in this study. All subjects were negative for
anti- Helicobacter pylori immunoglobulin G antibodies (SRL,
Tokyo, Japan). Their isoenzyme CYP2C19 profiles were
genotyped; three subjects were homozygous extensive
metabolizers, one was a heterozygous extensive metabolizer, and
two subjects were poor metabolizers (SRL, Tokyo, Japan).

All subjects received, at various times, 20 mg omeprazole,
20 mg famotidine, and 20 mg omeprazole plus 20 mg famotidine,
intravenously. The drugs were administered separately, with a
washout period of at least 7 days between each study. The subjects
fasted overnight before treatment and for 4 h after receiving the
drug. An antimony pH electrode was inserted transnasally and
placed in the body of the stomach. The gastric pH was measured,
and the data were analyzed using established software (Chemical
Instrument, Tokyo, Japan). Statistical evaluation was carried out
using the Wilcoxon signed-ranks test. The level of significance was
P < (.05. The study was conducted in accordance with the Decla-
ration of Helsinki and was approved by the Ethics Committee of
the Yokohama City University School of Medicine.

Omeprazole plus famotidine maintained a gastric pH of more
than 3 significantly longer than either famotidine alone or
omeprazole alone during the first hour of the study period (mean,
70.7% versus 27.7% and 19.8%, respectively; P < 0.05), and the
combination also maintained a gastric pH of more than 3 signifi-
cantly longer than omeprazole alone during the third hour (mean,
100% versus 19.0%; P < 0.05) and the fourth hour (mean, 89.8%
versus 11.3%; P < 0.05; Fig. 1).

During the 4-h study period, omeprazole plus famotidine sus-
tained pH values of more than 2, 3, 3.5, and 4 longer than
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omeprazole alone and famotidine alone (mean, 93.8% versus
41.3% and 81.5% respectively; P < 0.05; 90.0% versus 27.0% and
76.3% respectively, P < 0.05; 89.5% versus 24.0% and 74.5%
respectively; P < 0.05; and 88.0% versus 20.8% and 72.0% respec-
tively; P < 0.05). The combination also sustained pH values of
more than 5, 6, and 7 longer than omeprazole alone (mean, 82.5%
versus 12.5%; P < 0.05; 74.3% versus 7.8%; P < 0.05; and 57.3%

“versus 3.3%; P < 0.05; Fig. 2).

Values for holding times at pH more than 3 for omeprazole
plus famotidine, famotidine alone, and omeprazole alone during
the 4-h study period were 88.5%, 73.8%, and 24.8% in CYP2C19
extensive metabolizers versus 93.0%, 81.5%, and 31.5% in
CYP2C19 poor metabolizers (mean values). Our data showed
that significant differences were not observed between the exten-
sive metabolizers and poor metabolizers.

Our results support previous study findings which have indi-
cated that the antisecretory activity of omeprazole increases pro-
gressively after repeated oral and intravenous administrations,
with a steady state being achieved after about 5 days.* Daily doses
of omeprazole at 40 mg, given as intravenous injections were not
sufficient to maintain an intragastric pH of more than 4 during the
first day of treatment.” However, after 5-7 days of treatment, oral
omeprazole was more effective than famotidine for normal sub-
jects.® Our study was done in fasted volunteers for a long period;
therefore, this experimental condition is not suitable for a proton
pump inhibitor. However, combined therapy with a proton pump
inhibitor and an H, receptor antagonist can compensate for the
disadvantage of the proton pump inhibitor during the initial treat-
ment of acid-related diseases.

In conclusion, the administration of omeprazole plus
famotidine increased intragastric pH more rapidly than either
omeprazole alone or famotidine alone in healthy volunteers. The
clinical meaning of this result is not clear; however, there is a
possibility that combined therapy with a proton pump inhibitor
and an H, receptor antagonist is suitable for initial therapy, when
given intravenously.

Masahiko Inamori, Jun-ichi Togawa, Gaku Chiguchi,
Yasunobu Abe, Taisuke Kikuchi, Kenichi Muramatsu,
Harunobu Kawamura, Noritoshi Kobayashi,

Hiroyuki Kirikoshi, Takeshi Shimamura, Takashi Sakaguchi,
Tomoo Takamura, Norio Ueno, and Atsushi Nakajima

The Third Department of Internal Medicine, Yokohama City
University School of Medicine, 3-9 Fuku-ura, Kanazawa-ku,
Yokohama 236-0004, Japan
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Fig. 1. Famotidine plus omeprazole (triangles) sustained a pH > 3 during
the first hour of the study period, compared to omeprazole alone (circles)
and famotidine alone (squares). (***P < 0.05 by the Wilcoxon signed-
ranks test). Famotidine plus omeprazole sustained a pH > 3 during the
third and fourth hours of the study period, compared to omeprazole alone.
(**P < 0.05 by the Wilcoxon signed-ranks test). Famotidine alone sus-
tained a pH > 3 during the third and fourth hours of the study period,
compared to omeprazole alone. (*P < 0.05 by Wilcoxon signed-ranks
test). Triangles, circles, and squares, mean values; vertical lines, SD;
horizontal line, *SD
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Fig. 2. During the first 4h of the study period, famotidine pius omeprazole
(triangles) sustained pH values of more than 2, 3, 3.5, and 4 for longer than
both omeprazole ajone (circles) and fomotidine alone (squares) (*+#P <
0.05 by the Wilcoxon signed-ranks test). During the first 4h of the study
period, famotidine plus omeprazole sustained pH values of more than 5, 6,
and 7 for longer than both omeprazole alone and formotidire alone. (**P <
0.05 by the Wilcoxon signed-ranks test). During the first 4h of the study
period, famotidine alone sustained pH values of more than 2,3,3.5,4, 5,6,
and 7 for longer than omeprazole alone (*P < 0.05 by the Wilcoxon
signed-ranks test). Triangles, circles, and squares, mean values; vertical
lines, SD; horizontal line, =SD
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Villous tumor of the rectum that started
secreting watery fluid after colectomy

To the Editor: An 80-ycar-old man who had a large villous tumor
(over 10cm in maximum diameter) in the lower rectum was ad-
mitted to our hospital because of scvere left lower abdominal
pain. On May 22, 2001, an emergency operation was performed,
with a diagnosis of localized peritonitis due to perforation of the
intestine. Exploration of the abdomen revealed a perforated sig-
moid colon, which contained many firm stools. We performed left
hemicolectomy, transverse colostomy, and construction of a mu-
cus fistula. Because the general condition of the patient was very
poor, we had to minimize the operation time. Therefore, the large
villous tumor in the rectum was not resected. The surgical speci-
men and microscopic findings showed the features of a typical
stercoral ulcer.

After the operation, the patient had a watery discharge of
1000-2000mb/day from the mucus fistula and anys. Laboratory
data for the anal discharge fluid revealed the following values:
sodium, 103 mEq/l; potassium, 49 mEq/l; and chloride, 121 mEq/l.
Culture of the discharge fluid revealed no evidence of infectious
enterocolitis. The villous tumor was assumed to have started
secreting the watery discharge, although the mechanism was
unclear.

On June 19, 2001, a Hartmann operation was performed to
control the secretion from the villous tumor. The gross appear-
ance of the resected specimen showed a 15 X 12-cm villous tumor,
with a wide base, attached to the lower rectal mucosa (Fig. 1).
Microscopic examination revealed cancer in the villous adenoma,
and part of the villous adenoma showed rich mucin production
(Fig. 2).

Villous tumor of the colon, which causes secretory diarrhea,
may lead to depletion syndrome, which is characterized by hy-
ponatremia, hypokalemia, severe dehydration, and metabolic aci-
dosis, and death in severe cases. Generally, any acute diarrheal
illness in which intestinal fluid loss exceeds 10ml/kg per day is
classified as secretory diarrhea. Causes of secretory diarrhea are
classified as infectious, such as infection with Vibrio cholerae and
Escherichia coli, and noninfectious, such as hormones secreted by
tumors, including villous tumors.! Cases of noninfectious secre-
tory diarrhea are numerically uncommon. According to a previ-
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Early effects of lafutidine or rabeprazole on intragastric acidity:
which drug is more suitable for on-demand use?

MasaHiko INaMoRL, JUN-IcHI Tocawa, ToMoyuk! Iwasakl, YUTAKA Ozawa, Tarsuke KikucHi,
KEeNICHI MURAMATSU, GAKU CHIGUCHI, SHUHEr MATSUMOTO, HARUNOBU KAWAMURA, YASUNOBU ABE,
Hirovuki KirikosHi, NoriTosHI KoBayasHl, TAKESHI SHIMAMURA, KENSUKE KuBoTa, TAKASHI SAKAGUCHI,

SaTtorU Sarro, Norio Ueno, and ATsusHi NAKAJIMA

Gastroenterology Division, Yokohama City University School of Medicine, 3-9 Fukuura, Kanazawa-ku, Yokohama 236-0004, Japan

Editorial on page 549 J

Background. Medication for the relief of heartburn
should have the rapid onset of action required for on-
demand use. We studied the mhibition of gastric acid
secretion by lafutidine and rabeprazole, given in single
doses to fasting and postprandial subjects. Methods. A
total of 22 healthy male, Helicobacter pylori-negative
volunteers participated in this randomized, two-way
crossover study. They were randomly assigned to re-
ceive a single oral dose of 10mg lafutidine or 20mg
rabeprazole after fasting overnight (12 subjects, fasting
study) or after eating a test meal (noodles, 364 kcal;
protein, 10.1g; fat, 16g; carbohydrates, 44.9¢g; NaCl,
1.1 g; 10 subjects, postprandial study). Intragastric pH
was monitored continuously for 6h after treatment.
The other drug was given after a washout period of at
least 7 days, and intragastric pH was similarly moni-
tored. Results. 1n the fasting study, lafutidine sustained
pH at >3 and >4 during the second, third, fourth, fifth,
and sixth hours of the study for significantly longer
than rabeprazole. During the first 6h after treatment,
lafutidine sustained pH at more than 2, 3,3.5,4, 5, 6, and
7 longer than rabeprazole. In the postprandial study,
lafutidine sustained pH >3 and >4 for longer periods
than rabeprazole during the third, fourth, fifth, and sixth
hours of the study. During the first 6h after treatment,
lafutidine sustained pH at more than 2,3, 3.5, 4, 5, 6,
and 7 longer than rabeprazole. Conclusions. Lafutidine
10mg produces a prompter rise in intragastric pH
than rabeprazole 20mg in fasting and postprandial
Helicobacter pylori-negative male subjects.

Key words: intragastric acidity, lafutidine, rabeprazole,
on-demand therapy, heartburn
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Introduction

The prevalence of gastroesophageal reflux disease
{GERD) in Japan is estimated to be lower than that in
Western countries. However, recent studies indicate
that the number of Japanese patients with reflux esoph-
agitis is increasing, because of changes in dietary habits,
the increase in the elderly population, improved tech-
niques for endoscopic examination, and more wide-
spread use of diagnostic procedures for GERD.!

Heartburn is a common problem in Japan. Although
proton pump inhibitors given daily potently inhibit
gastric acid secretion, whether these drugs are effective
as on-demand therapy for specific symptoms remains
largely uninvestigated.

Medication for on-demand treatment should have a
rapid onset of action. Many types of drugs can be ob-
tained over the counter for the treatment of heartburn,
including antacids, H,-receptor antagonists,” and proton
pump inhibitors. Proton pump inhibitors have been
established to be potent inhibitors of gastric acid secre-
tion when used regularly;® however, the effect of inter-
mittent single doses for on-demand treatment remains
unclear.

Lafutidine is a newly synthesized H,-receptor antago-
nist. Previous studies have shown that lafutidine more
promptly and potently inhibits gastric acid secretion
than other H,-receptor antagonists,*® especially during
the daytime.b In subjects without Helicobacter pylori
infection, lafutidine markedly elevates the daytime as
well as the nocturnal intragastric pH. In contrast, other
H,-receptor antagonists markedly elevate only the noc-
turnal intragastric pH.

Lafutidine (10mg twice daily) and the proton pump
inhibitor rabeprazole (20mg once daily) are both ap-
proved for the treatment of peptic ulcers in- Japan.
Rabeprazole 20-mg tablets rapidly suppress gastric
acid secretion, as compared with other proton pump
inhibitiors.™ Because patients with GERD often have
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symptoms during the daytime, we compared the early
effect on intragastric pH of lafutidine 10 mg with that of
rabeprazole 20mg, the maximum dose levels approved
in Japan, each given as a single dose, to fasting and
postprandial subjects. :

Methods

Subjects

The subjects were 12 healthy male volunteers in a
fasting state and 10 healthy male volunteers in a post-
prandial state. None of the subjects were receiving acid-
suppressive medications, such as antacids, H,-receptor
antagonists, or proton pump inhibitors. All subjects
were negative for anti-H. pylori immunoglobulin G
antibodies (SRL, Tokyo, Japan).

Fasting study

Twelve subjects participated in this randomized, two-
way crossover study. They were randomly assigned to
receive 10mg lafutidine (Protecadin; Taiho Pharmaceu-
tical, Tokyo, Japan) or 20 mg rabeprazole (Pariet; Eisai,
Tokyo, Japan). The other drug was then given after a
washout penod of at least 7 days.

To monitor gastric pH, a pH electrode was inserted
transnasally into the body of the stomach, with the sub-
jects under local anesthesia. Gastric pH was measured
at 10-s intervals by means of a portable pH meter at-
tached to an antimony pH electrode (Chemical Instru-
ment, Tokyo, Japan). The pH electrode was calibrated
before each recording, using standard buffers of pH 4.01
and 6.86. The pH data were analyzed with the use of
established software (Chemical Instrument). The times
during which the intragastric pH remained above 1, 2, 3,
3.5,4,5,6,7, and 8 were also measured over the course
of 6h after treatment.

Postprandial study

Ten subjects participated in this randomized, two-way
crossover study. The subjects were randomly assigned
to receive a single oral dose of 10mg lafutidine
(Protecadin; Taitho Pharmaceutical) or 20mg rabepra-
zole (Pariet; Eisai) after a test meal (noodles, 364 keal;
protein, 10.1g; fat, 16g; carbohydrates, 44.9g, NaCl
1.1g). The other drug was given after a washout period
of at least 7 days.

Statistical analysis

Statistical evaluation was carried out with the use of the
Wilcoxon signed-rank test. The level of significance was

M. Inamori et al.: Early effects of lafutidine and rabeprazole

P < 0.05. Statistical analyses were performed with Stat
View software (SAS Institute, Cary, NC, USA).

Ethics

The study was conducted in accordance with the Decla-
ration of Helsinki. He study protocol was approved by
the Ethics Committee of Yokohama City University
School of Medicine.

Results

Twelve male subjects (mean age, 28.3 years; range,
22-35 years) completed the fasting study, and 10 male
subjects (mean age, 28.5 years; range, 21-36 years)
completed the postprandial study. No adverse events
occurred during either study.

Fasting study

Holding time (%) of pH > 3

Lafutidine 10mg maintained gastric pH at >3
significantly longer than rabeprazole 20mg during the
second (1-2h; mean, 74.9% versus 18.8%; P < 0.01),
third (2-3h, 95.8% versus 33.3%; P < 0.01), fourth (3~
4h, 93.8% versus 67.4%; P < 0.05), fifth (4-5h, 95.3%
versus 67.6%; P << 0.01), and sixth (5-6h, 93.0% versus
5.24%, P < 0.01) study periods (Fig. 1). The holding
time (%) of pH > 3 did not differ significantly between
the drugs during the first (0-1h) study period.
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Fig. 1. In the fasting study, lafutidine sustained a pH of >3 for
significantly longer than rabeprazole during the second, third,
fourth, fifth, and sixth study periods. Circles, and squares,
mean values; vertical lines, SDs. **P < 0.01 and *P < 0.05 by
the Wilcoxon signed-rank test
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Fig. 2. In the fasting study, lafutidine sustained pH at above 2,
3, 3.5, 4, 5. 6, and 7 for significantly longer than rabeprazole
during the first 6h of the study. Circles, and squares, mean

values; vertical lines, SDs. **P < 0.01 and *P < 0.05 by the _
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Holding time (%) of pH > 4

Lafutidine 10mg maintained gastric pH at >4 sig-
nificantly longer than rabeprazole 20 mg during the sec-
ond (1-2h; mean, 70.7% versus 15.6%; P < 0.01), third
(2-3h, 93.4% versus 26.8%; P < 0.01), fourth (3-4h,
91.6% versus 58.9%, P < 0.05), fifth (4-5h, 93.8% ver-
sus 63.2%; P < 0.01), and sixth (5-6h, 91.8 versus
45.4%; P < 0.01) study periods. There was no significant
difference between the drugs during the first (0-1h)
study period.

Holding time (%) of various pH levels during the 6-h
study period

During the 6-h study period, lafutidine 10mg provided
longer durations of pH above 2, 3, 3.5, 4, 5, 6, and
7 than did rabeprazole 20mg (mean, 80.1% versus
48.7%; P < 0.01; 77.3% versus 40.7%:; P < 0.01; 76.2%
versus 37.8%; P < 0.01: 74.9% versus 35.1%:; P < 0.01;
71.4 versus 31.2%:; P < 0.01; 67.5% versus 26.6%:;
P < 0.01; and 52.6% versus 16.5%:; P < 0.05; respec-
tively) (Fig. 2).

Postprandial study

Holding time (%) of pH > 3

Lafutidine 10mg maintained gastric pH at >3
significantly longer than rabeprazole 20mg during
the third (2-3h; mean, 47.7% versus 2.8%; P < 0.05),
fourth (3-4h; 84.9% versus 17.8%; P < 0.01), fifth
(4-Sh; 99.7% versus 18.9%; P < 0.01), and sixth
(5-6h, 952% versus 55.3%; P < 0.05) study periods
(Fig. 3). No significant differences were found at the
first (0-1h) or second (1-2h) study periods between the
two drugs.
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Fig. 3. In the postprandial study, lafutidine sustained pH at
>3 for significantly longer than rabeprazole during the third,
fourth, fifth, and sixth study periods. Circles, and squares,
mean values; vertical lines, SDs, **P < 0.01 and *P < 0.05 by
the Wilcoxon signed-rank test

Holding time (%) of pH > 4

Lafutidine 10mg maintained gastric pH at >4 sig-
nificantly longer than did rabeprazole 20mg during the
third (2-3h) (mean, 36.0% versus 2.4%; P < 0.05),
fourth (3-4h, 79.7% versus 15.4%; P < 0.01), fifth (4-
Sh, 98.7% versus 14.6%; P < 0.01), and sixth (5-6h,
92.5% versus 48.0%; P < 0.05) study periods. There
were no significant differences between the drugs dur-
ing the first (0-1h) or second (1-2h) study periods.

Holding time (%) of various pH levels during the 6-h
study period

During the 6-h study period, lafutidine 10mg provided
longer durations of pH above 2, 3, 3.5, 4, 5, 6, and 7
than did rabeprazole 20mg (mean, 70.3% versus 27.5%;
P < 0.01; 61.2% versus 21.0%: P < 0.01; 58.2%
versus 19.4%:; P < 0.01; 56.0% versus 17.4%: P < 0.01;
49.8% versus 12.6%; P < 0.01; 42.7% versus 6.7%;
P < 0.01; and 34.8% versus 3.3%, P < 0.01, respec-
tively) (Fig. 4).

Discussion

This study examined changes in intragastric pH after a
single dose of lafutidine (10 mg) or rabeprazole (20mg)
during the first 6h after the dose in H. pylori-negative
subjects. During this early period, lafutidine had a faster
onset of action and more strongly inhibited intragastric
acid secretion than did rabeprazole, in both the fasting
and postprandial subjects. These results support the
findings of previous studies by Khoury et al.,'® Arnestad
et al,’ Hedenstrom et al,” Hurlimann et al.,”
Chassany et al.,'* and Abe et al.,® showing that H,
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Fig. 4. In the postprandial study, lafutidine sustained pH at
above 2, 3, 3.5, 4, 5, 6, and 7 for significantly longer than
rabeprazole during the first 6h of the study. Circles, and
squares, mean values; vertical lines, SDs. **P < 0.01 by the
Wilcoxon signed-rank test

receptor antagonists increase intragastric pH more
rapidly than proton pump inhibits.

We believe that data obtained from H. pylori-
negative subjects will be of greater value for the eva-
luation of H,-receptor antagonists and proton pump
inhibitors than those obtained from H. pylori-positive
subjects, Currently, antisecretory drugs are used.to treat
most patients with peptic ulcer, who usually have con-
current H. pylori infection, as well as being used for the
treatment of GERD, in which H. pylori infection is not
involved; indeed, there may be a negative association
between GERD and H. pylori infection.'

We selected rabeprazole for study, among various
currently available proton pump inhibitors, for several
reasons. First, rabeprazole is metabolized mainly
via a nonenzymatic pathway, in contrast to other
proton pump inhibitors, which are metabolized by
the CYP2C19 and CYP3A4 genotypes of cytochrome
P450.*® The plasma drug concentrations of these other
proton pump inhibitors differ considerably between
CYP2C19-extensive metabolizers and -poor metabo-
lizers, influencing the degree of inhibition of acid secre-
tion."*® Second, previous studies have reported that
rabeprazole more promptly inhibits acid secretion
than various other proton pump inhibitors in vivo,’®
consistent with the results of our previous pH monitor-
ing report.® In the present study, however, lafutidine
inhibited intragastric acid secretion even more
promptly than rabeprazole (which was previously
shown to act more promptly than various other proton
pump inhibitors).

Our study showed that an H,-receptor antagonist
more strongly inhibited intragastric acid secretion than
a proton pump inhibitor 0 to 6h after the dose was
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taken. This finding was unexpected, because proton
pump inhibitors have antisecretory activity and pro-
mote ulcer healing more effectively than H, receptor
antagonists.’* However, prior studies have shown that
the antisecretory activity of proton pump inhibitors in-
creases progressively after repeated oral or intravenous
administration, with a steady state achieved after about
5 days.”*? Another study has demonstrated that a daily
intravenous injection of proton pump inhibitor did not
maintain intragastric pH at >4 during the first day of
treatment.? Nonetheless, after 5 to 7 days of treatment,
an oral proton pump inhibitor was more elffective
than an H,-receptor antagonist for suppressing the
intragastric pH in normal subjects, patients with duode-
nal ulcer, and patients with GERD >

Our results, showing that an H, receptor antagonist
increased intragasiric pH more rapidly than a proton
pump inhibitor, are also supported by the findings of an
autoradiography study. Nakamura et al.”® found that H,-
receptor antagonists accumulated uniformly on parietal
cells, whereas proton pump inhibitors were bound only
to young activated parietal cells. Other proton pumps
were quickly activated, resulting in a slower onset of
antisecretory action with proton pump inhibitors than
with H,-receptor antagonists in the early period after
the drug was commenced.

On-demand therapy for patients with GERD is con-
sidered to be safe and cost-effective after they receive
initial treatment with proton pump inhibitors.?** Drugs
for on-demand therapy, which target heartburn, should
have a rapid onset of action. Many patients have heart-
burn after meals,”* and H,-receptor antagonists are
unsuitable for the treatment of postprandial heartburn,
because the state of the stomach after meals blunts
their effectiveness.® However, our results Suggested
that lafutidine increased intragastric pH more rapidly
than rabeprazole not only in fasting subjects but also
in postprandial subjects. This rapid onset of action in
postprandial subjects was atiributed to the fact that
lafutidine is a unique H,-receptor antagonist that affects
levels of calcitonin gene-related peptide (CGRP).»-
Lafutidine activates capsaicin-scusitive afferent neu-
rons and stimulates the release of CGRP from afferent
neurons, in addition to having strong binding affinity for
H,-receptors. Lafutidine has been shown to significantly
increase plasma somatostatin levels 20 to 120 min after a
dose has been taken and CGRP levels 40 to 120 min
after a dose has been taken, as compared with a placebo
group.®® In that study® the physiological release of
plasma secretin was reduced and did not alter gastrin
levels. CGRP released from afferent neurons in the
gastric mucosa stimulates D cells in the antral and fun-
dic glands and increases somatostatin secretion from D
cells. Somatostatin inhibits gastric acid secretion, acting
directly on somatostatin receptors on parietal cells



M. Inamori et al.; Early effects of lafutidine and rabeprazole

and indirectly by decreasing gastrin secretion from
antral G cells.

Although many factors are implicated in the develop-
ment of GERD, acid reflux to the esophagus is consid-
ered to be the major cause of this disease. Treatment
with a proton pump inhibitor to provide potent, long-
term suppression of gastric acid is essential for disease
management. On the other hand, the transient heart-
burn associated with mild GERD is atiributed mainly
to temporary, short-term gastric acid reflux. Therefore,
rapid acid suppression is one of the most important
factors for the resolution of these symptoms. Because
lafutidine promptly suppressed gastric acid secretion, it
is considered to be a useful drug for the on-demand
treatment of mild GERD.

The ideal medication for the treatment of heartburn
should have the rapid onset of action needed for on-
demand treatment, as well as a sufficient duration of
action to assure that symptoms are controlled. On the
basis of our results, we conclude that lafutidine 10mg
produces a prompter rise in intragastric pH than
rabeprazole 20mg in H. pylori-negative subjects. The
clinical implications of our results remain unclear; how-
ever, our findings suggest that 10-mg lafutidine tablets
are suitable for on-demand treatment in patients with
mild GERD.
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