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Rabeprazole sodium (rabeprazole), a proton pump
inhibitor (PPI), is widely used in the treatment of pep-
tic ulcer and gastroesophageal reflux disease. Recently,
some antiulcer medicines have been elucidated phar-
macologically from the viewpoint of gut-regulated hor-
mone levels. We examined the effects of rabeprazole
on plasma levels of gastrointestinal peptides [gastrin,
somatostatin, motilin, substance P, and calcitonin gene-
related peptide (CGRP)]. Rabeprazole at a dose of
20 mg or placebo was orally administered to 5 healthy
male volunteers aged 25–30 years. Venous blood
samples were taken before and 30, 60, 90, 120, 180,
240, and 360 min after administration. Plasma pep-
tide levels were measured using a sensitive enzyme
immunoassay. Compared with the response of the pla-
cebo group, rabeprazole caused significant (p < 0.05)
increases in gastrin-, somatostatin-, and CGRP-like
immunoreactive substance (IS) at 360, 180, and
240 min, respectively. Rabeprazole significantly de-
creased motilin-IS levels at 180 min compared with the
placebo group. However, rabeprazole had no effect on
plasma substance P-IS levels. Although rabeprazole
has potent antisecretry effects, the agent may have little
effect on gastrointestinal peptides.

Key words –—–  rabeprazole, proton pump inhibitor, gas-
trointestinal peptide, gastric emptying

INTRODUCTION

The lifetime prevalence of peptic (gastric and
duodenal) ulcer disease is approximately 10%, and
some physicians estimate that 50% of healthy indi-
viduals experience heartburn on a daily basis. The
goals of therapy for ulcers are relief from pain, pro-

motion of healing, and prevention of recurrence.
Therapeutic strategies are aimed at balancing
aggressive factors (gastric acid secretion, pepsin,
Helicobacter pylori infection) against defensive or
cytoprotective factors (bicarbonate secretion, mu-
cus secretion, prostaglandin production). Drugs that
reduce gastric acid secretion [histamine H2-receptor
antagonists and covalent inhibitors of the (H+/K+)-
ATPase proton pump of parietal cells] effectively
promote healing. Cytoprotective agents and antiacids
also are effective. Recurrence of ulcers is common,
prompting long-term prophylactic use of H2-recep-
tor antagonists and proton pump inhibitors (PPIs).
PPIs also are effective for gastroesophageal reflux
disease and are preferred for erosive esophagitis. H2-
receptor antagonists are used extensively for main-
tenance therapy for reflux.

The ultimate mediator of acid secretion is the
proton pump of the apical membrane of parietal cells.
Since this pump is unique to parietal cells, a number
of specific inhibitors of it have been developed. The
agents offer a means to inhibit acid secretion to any
desired level. They are especially useful in patients
with hypergastrinemia and may be valuable in those
whose peptic ulcer disease is not well controlled by
H2-receptor antagonists. Rabeprazole sodium
(rabeprazole) was introduced in 1986 as the third
PPI, which potently inhibits gastric acid secretion.
Today, rabeprazole is widely used in treatment of
peptic ulcer and gastroesophageal reflux disease.1)

One of the gastrointestinal motility regulatory
factors responsible for the empirical effects of PPIs
has been assumed to be the induction of changes in
the levels of peptides (gastrin, somatotatin and
motilin) in plasma. In gastroprotective function as a
neural emergency system, sensory afferent neurons
in the gastrointestinal mucosa regulate neuropeptide
[calcitonin gene-related peptide (CGRP), and
tachykinins (substance P etc.)] levels and play vari-
ous physiological roles.2)

In recent years, some antiulcer medicines have
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been elucidated pharmacologically from the view-
point of gut-regulated hormone levels. Among the
agents, H2-receptor antagonists change gut-regulated
hormones levels in healthy human plasma.3,4) Fur-
thermore, we revealed that single administration of
the PPIs omeprazole and lansoprazole alter gas-
trointestinal peptides.5,6) These results indicate new
pharmacological effects of the medicines.

The purpose of this study was to determine the
effects of rabeprazole on plasma levels of gut-regu-
latory peptides [gastrin-, somatostatin-, and motilin-
immunoreactive substance (IS)] and gastrointesti-
nal mucosa-regulatory neuropeptides (substance
P- and CGRP-IS) in healthy humans and to deter-
mine other pharmacologic effects in addition to the
antisecretory effects.

MATERIALS AND METHODS

Materials –—–  Rabeprazole (Prariet tablets; Eisai
Co., Ltd., Tokyo, Japan) were used. Lactose (Merck
Hoei Co., Ltd., Osaka, Japan) was used as a pla-
cebo. Synthetic human gastrin I, somatostatin,
motilin, CGRP, and its fragment (8-37), and sub-
stance P were purchased from the Peptide Institute
(Osaka, Japan). Fragment gastrin I (2-17) was pur-
chased from Sigma Chemical (St. Louis, MO,
U.S.A.) Antiserum to gastrin (A600/R1B) was pur-
chased from Biogenesis (Poole, U.K.), CGRP
(CA1132) was purchased from Affiniti Research
Products Ltd. (Nottingham, U.K.), somatostatin
(RA-08-108) and substance P (RA-08-095) from
Cambridge Research Biochemicals (Cambridge,
U.K.) and motilin (Y121) from Yanaihara Institute
(Shizuoka, Japan). All other reagents were of ana-
lytical reagent grade from commercial sources.
Volunteers –—–  Five healthy male volunteers, aged
25–30 years (mean 27 years) and weighing 55–68 kg
(mean 63 kg), participated in the study. Each volun-
teer received information on the scientific purpose
of the study and gave written, informed consent. The
study protocol was approved by the Ethical Com-
mittee of Oita Medical University. The volunteers
did not receive any medication 1 week before the
study, and fasted for 3 hr before the study com-
menced and during the experiments.
Study Schedule –—–  Rabeprazole (20 mg) or pla-
cebo was administered orally with 100 ml of water.
Each volunteer recieved these agents at 4-week in-
tervals. The dose of rabeprazole in this study was
the maximum daily dose in clinical therapy. Venous

blood samples (10 ml) were taken from a forearm
vein before and at 30, 60, 90, 120, 180, 240, and
360 min after administration. The study was carried
out from 11:30 to 17:30.
Determination of Rabeprazole Concentrations in
Plasma –—–  The plasma concentration of
rabeprazole was determined using the modified
method of Nakai et al.7) Standard rabeprazole was
supplied by Eisai Co., Ltd. A 1-ml plasma sample
was placed in glass tube containing 100 µl of a 1%
aqueous solution of diethylamine. To this solution,
a 100-µl aliquot of 0.1% diethylamine in methanol,
1.0 ml of Britton-Robinson buffer (pH 10.38), and
4.0 ml of ethyl acetate were added. The mixture was
shaken for 10 min and centrifuged for 5 min at
1500 g. The organic layer was evaporated to dry-
ness at 40°C under nitrogen. The residue was dis-
solved in 700 µl of 0.1% diethylamine in methanol
and mixed for 1 min. A 200-µl aliquot was injected
onto the column. HPLC was carried out using a C18
column (Cosmosil 5C18-AR; Nacalai Tesque,
Kyoto, Japan) with UV detection at 288 nm, and
acetonitrile-phosphate buffer 0.1 M (pH 7.0)
(280 : 720) was used as the mobile phase at a flow
rate of 1.4 ml/min.
Enzyme Immunoassay of Gastrin, Somatostatin,
Motilin, CGRP, and Substance P –—–  The blood
samples were placed in chilled tubes containing
500 kallikrein inhibitor units/ml of aprotinin and
1.2 mg/ml of EDTA. After centrifugation, plasma
samples were diluted five-fold with 4% acetic acid
(pH 4.0) and loaded onto a C18 reversedphase car-
tridge (Sep-Pak C18; Millipore Corp., Milford, MA,
U.S.A.). After washing with 4% acetic acid, plasma
peptides were eluted with 70% acetonitrile in 0.5%
acetic acid (pH 4.0). Eluates were concentrated by
spin-vacuum evaporation, lyophilized, and stored
at –40°C until assayed. The recovery of plasma gas-
trin-, somatostatin-, motilin-, VIP-, CGRP-, and sub-
stance P-IS was > 90% with this extracton proce-
dure (data not shown).

The enzyme immunoassay for gastrin,8) soma-
tostatin,9) motilin,10) CGRP11) and substance P12) were
performed as previously described. The assay was
performed using a delayed addition method. Sepa-
ration of bound and free antigen was performed on
an anti-rabbit IgG (55641, ICN Pharmaceuticals,
Inc., Ohio, U.S.A.)-coated immunoplate (Nunc-
Immuno Module Maxisorp F8, InterMed, Denmark).
The fluorescent product 4-methylumbelliferon was
measured with an MTP-100F microplate reader (Co-
rona Electric, Ibaraki, Japan). Gastrin I (2-17), hu-
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man somatostatin, motilin, CGRP (8-37), and sub-
stance P were conjugated with β-D-galactosidase
(Boehringer Mannheim, Germany) with N-(ε-
maleimidocaproyloxy)-succimide according to the
method of Kitagawa et al.13) The EIA for gastrin,
somatostatin, motilin, CGRP, and substance P was
specific and highly sensitive to detection limits of
0.04, 0.10, 0.80, 0.08, and 0.40 fmol/well, respec-
tively
Statistical Analysis –—–  Results are expressed as
mean ± S.D. Comparison of the mean values was
performed using a repeated measures paired t-test.
A p-value of less than 0.05 indicated a statistically
significant difference.

RESULTS AND DISCUSSION

The profiles of mean plasma rabeprazole con-
centrations against time after oral administration of
20 mg of the drug are shown in Fig. 1. The plasma
levels were the highest at 180 min (307.6 ± 40.1 ng/
ml).

Rabeprazole caused a significant increase in
gastrin-IS at 360 min (39.8 ± 3.2 pg/ml), compared
with the response in the placebo group (29.7 ± 6.0 pg/
ml) (Fig. 2a). Figure 2b shows plasma motilin-
IS levels after administration of rabeprazole.
Rabeprazole significantly decreased motilin-IS lev-
els at 180 min (12.7 ± 1.7 pg/ml), compared with
the response in the placebo group (17.2 ± 2.6 pg/
ml). Single administration of rabeprazole caused an
increase in plasma somatostatin-IS levels at 180 min
(11.9 ± 2.8 pg/ml) compared with the placebo group
(9.1 ± 1.9 pg/ml) (Fig. 1c). Rabeprazole caused a
significant increase in plasma CGRP-IS levels at
240 min (36.3 ± 1.4 pg/ml), compared with the pla-
cebo group (27.1 ± 10.5 pg/ml) (Fig. 2d). The lev-
els of plasma substance P-IS did not change (Fig. 2e).

Gastrin, a 17-amino acid residue polypeptide,
stimulates gastric acid secretion. This peptide is as-
sociated with a mechanism of gastrointestinal mo-
tility involving the cholonergic nervous system.14)

In Fig. 2a, the temporary elevation of gastrin-IS lev-
els of placebo might have been caused by direct
stimulation of gastric mucosal G cells. It has been
reported that not only long-term administration15) but
also single administration16) of rabeprazole causes
increases in plasma gastrin, resulting in hyper-
gastrinemia. Rabeprazole produces a rapid, potent,
and long-acting inhibition of gastric acid secretion17)

in association with a significant increase in plasma

gastrin levels. In this study, plasma gastrin-IS levels
were significantly increased at 360 min. A previous
report also showed that administration of rabeprazole
caused a significant increase at 5 hr.16) Our results
might indicate hypergastrinemia due to rabeprazole
administration.

Motilin, a 22-amino acid residue polypeptide,
has powerful fundic pouch motor-stimulating activ-
ity.18) It plays an important physiologic role in intes-
tinal contractility and is one of the most important
factors controlling the regular occurrence of phase-
3 contractions of the migrating motor complex.19) In
this study, motilin-IS levels were decreased at
180 min. We hypothesized that rabeprazole slows
gastric emptying. Generally, PPIs are assumed to
delay gastric emptying,20,21) but there is a report that
rabeprazole does not affect gastric emptying.22) Our
result differed from those of the previous report, but
because in our study motilin-IS levels decreased at
only one point (180 min), and at 240 min the de-
crease recovered to the baseline level, rabeprazole
may have little effect on gastric emptying.

Somatostatin, a 14-amino acid residue polypep-
tide, inhibits the secretion of other hormones, in-
cluding gastrin, insulin, and motilin.23) In the gas-
trointestinal tract, gastric acid and pepsin secretion
and gastric emptying are inhibited by somatostatin.
Somatostatin, which is distributed widely in the gas-
trointestinal tract, participates in the control of gut
motility by exerting both inhibitory and stimulatory
effects. In other words, in the interdigestive state
somatostatin induces phase-3 activities, and in the
digestive state it inhibits gastric emptying and slows
gastrointestinal transit. In this study, plasma soma-
tostatin-IS levels were significantly increased at
180 min. Although gastrin-IS levels were not de-
creased, motilin-IS levels were. The somatostatin
levels increased corresponding to the plasma

Fig. 1. Plasma Rabeprazole Levels after Oral Administration
of 20 mg

Each value represents the mean ± S.D., n = 5.
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Fig. 2. Effects of Rabeprazole (�) or Placebo (�) on Plasma Gastrin- (a), Motilin- (b), Somatostatin- (c), CGRP- (d), and Substance P-
IS (e) Levels

Each value represents the mean ± S.D., n = 5. *p < 0.05 and **p < 0.01, significantly different compared with placebo group.

rabeprazole level. We hypothesized that rabeprazole
might directly stimulate D cells, which secrete so-
matostatin.

CGRP is a powerful vasoactive substance that
is released from the sensory afferent nerve endings
against gastric mucosal injury in the stomach. CGRP
increases gastric mucosal flow as a gastroprotective

factor.2) Substance P and tachykinins coexist with
CGRP in the sensory afferent neurons of the gas-
trointestinal mucosa and are released with acetyl-
choline in response to depolarizing stimuli in the
enteric nervous system.24) In this study, rabeprazole
caused a significant increase in CGRP-IS but did
not alter substance P-IS levels. Tahashi et al.25) re-

(a)

(b)

(c)

(d)

(e)
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ported the drug has protective effects on the gastric
mucosa, which are assumed to be due to nitric oxide
(NO).26) It is known that CGRP acts at the CGRP-1
receptor, located on blood vessel endothelium, and
promotes NO synthesis.27) We believe that the
cytoprotective effects of rabeprazele might be not
via CGRP-tachykinin sensory afferent nerves but via
the CGRP-NO system.

In conclusion, rabeprazole exhibits potent inhi-
bition of gastric acid secretion due to inhibition of
(H+/K+)-ATPase, but has little effect on gut-regula-
tory hormones involved in gastric acid secretion.
Although no significant difference was not observed
in the gastroprotective function in the rabeprazole
group, our results might support the former report
that rabeprazole has cytoprotectives effects associ-
ated with the CGRP-NO system. Although we did
not find novel effects of rabeprazole, the agent might
be clinically useful without side effects related to
gastrointestinal hormones.
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