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ABSTRACT

The mechanism of the antiulcer effect of
omeprazole was studied placing empha-
sis on its role to block oxidative damage
and apoptosis during ulceration. Dose-
response Studies on gastroprotection in
stress and indomethacin-induced ulcer
and inhibition of pylorus ligation-induced
acid secretion indicate that omeprazole
significantly blocks gastric lesions at
lower dose (2.5 mg/kg) without inhibiting
acid secretion, suggesting an independ-
ent mechanism for its antiulcer effect.
Time course studies on gastroprotection
and acid reduction also indicate that
omeprazole almost completely blocks
lesions at 1 h when acid inhibition is par-
tial. The severity of lesions correlates well
with the increased level of endogenous
hydroxyl radical (OH), which when scav-
enged by dimethyl sulfoxide causes
around 90% reduction of the lesions,
indicating that OH plays a major role in
gastric damage. Omeprazole blocks
stress-induced increased generation of
OH and associated lipid peroxidation and
protein oxidation, indicating that its
antioxidant role plays a major part in pre-
venting oxidative damage. Omeprazole
also prevents stress-induced DNA frag-
mentation, suggesting its antiapoptotic
role to block cell death during ulceration.
The oxidative damage of DNA by -OH
generated in vitro is also protected by
omeprazole or its analogue, lansoprazole.
Lansoprazole when incubated in a -OH-
generating system scavenges OH to pro-
duce four oxidation products of which the
major one in mass spectroscopy shows a
molecular ion peak at m/z 385, which is
16 mass units higher than that of lanso-
prazole (m/z 369). The product shows no
additional aromatic proton signal for aro-
matic hydroxylation in 1H NMR. The
product absorbing at 278 nm shows no
alkaline shift for phenols, thereby exclud-
ing the formation of hydroxylansoprazole.
The product is assigned to lansoprazole
sulfone formed by the addition of one
oxygen atom at the sulfur center following
attack by the OH. Thus, omeprazole plays
a significant role in gastroprotection by
acting as a potent antioxidant and anti-
apoptotic molecule.

INTRODUCTION

Proton pump inhibitors such as omepra-
zole, lansoprazole, pantoprazole, and
rabeprazole are extensively used for ther-
apeutic control of acid-related disorders
including gastroesophageal reflux dis-
ease and Zollinger-Ellison syndrome and
for peptic-ulcer disease caused by stress
(stress-related erosive syndrome), nons-
teroidal antiinflammatory drugs, and

Helicobacter pylori infection. These com-
pounds share a common structural motif
contributed by a substituted pyridyl-
methylsulfinyl benzimidazole. Inhibition
of gastric acid secretion by these com-
pounds is considered to be an important
step to control the disorders. Proton
pump inhibitors inhibit acid secretion by
irreversibly interacting with the H-+-K+-
ATPase, the terminal proton pump of the
parietal cell. In the acid space of the
secreting parietal cell or in the vicinity of
the enzyme, these compounds are con-
verted to thiophilic sulfenamide or
sulfenic acid, which reacts mainly with
the Cys-813 residue in the catalytic sub-
unit of the H---K+-ATPase, which is
critical for enzyme inactivation. Although
omeprazole, the primary member of the
proton pump inhibitors, has been exten-
sively used to control these disorders,
lansoprazole, the second member of the
substituted benzimidazole containing a
trifluoroethoxy group, has also been used
more recently.

The role of acid in gastroduodenal patho-
genesis has been extensively studied.
Although gastric ulcer patients show nor-
mal or reduced level of acid secretion,
duodenal ulcer patients usually secrete
more acid. In fact, "no acid, no ulcer" is
the dictum for duodenal ulcer. Because
30% of patients having duodenal ulcer
and very few patients with gastric ulcer
are hyperchlorohydric, clearly factors
other than acid are involved in the patho-
genesis of gastroduodenal ulcer.
Although the secret-
ed acid itself is not
sufficient for ulcer
formation, its corro- | g
sive property and
increased  peptic
activity is sufficient
to aggravate the
ulcer. Even the nor-
mal rate of acid
secretion may cause
ulceration in the | g
breached mucosa
when some gastro-
protective  factors
are lost. Hence, acid
suppression by
omeprazole is a | g
common practice to
control gastroduo-
denal lesions. | m
Suppression of
intragastric ~ acid | m
also helps in the
healing of ulcer. In
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central nervous reflex mechanism.
Restraint cold stress or restraint water
immersion stress induces gastric lesions,
which are associated with a decreased or
normal level of acid secretion. Because
restraint or water immersion stress signif-
icantly decreases acid secretion induced
by pylorus ligation, acid plays a minor
role in stress ulcer. Administration of
antacids to neutralize secreted acid does
not protect stress ulcer, suggesting that
factors other than acid are involved in
ulcer  formation. ~ However, in
indomethacin-induced gastric damage,
acidity may be increased because of
decreased biosynthesis of prostaglandin.
Because acidity as high as 0.6 M HCI can
experimentally produce gastric lesions,
mild irritants like 0.35 M HCI prevents
gastric damage caused by stronger
necrotizing agent through "adaptive cyto-
protection" mediated by increased forma-
tion of prostaglandin.

It is now generally agreed that gastric
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lesions develop when the delicate bal-
ance between some gastroprotective and
aggressive factors is lost. Although the
cellular and molecular basis of gastric
mucosal defense against gastrodamaging
factors are known, the mechanism of
mucosal damage by the aggressive fac-
tors is not fully clear today. Stress, nons-
teroidal antiinflammatory drugs, and H.
pylori cause mucosal damage through a
number of mechanisms, of which some
reactive oxygen species (ROS)1 such as
0 and OH are now considered to be one
of the major causative factors for mucos-
al lesions through oxidative damage.
Lipid peroxidation, an important parame-
ter for -OH-induced oxidative damage of
membrane, is increased in gastric lesions
caused by ethanol, indomethacin, and
water immersion stress. Increased lipid
peroxidation, increased protein oxidation,
and decreased glutathione level are also
evident in restraint cold stress-induced
gastric lesions as a result of oxidative
damage caused by the significant gener-
ation of OH. Hydroxyl radical-mediated
oxidative damage of membrane lipid and
protein and depletion of glutathione have
also recently been reported in human
gastric ulcer Hydroxyl radical is generat-
ed from O and H202 in presence of a
trace amount of transition metal (released
from protein by acidosis caused by
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Omeprazole for severe reflux
esophagitis in children.

Clinica Pediatrica, Universita di Pavia, IRCCS Policlinico, S. Matteo, ltaly.

Severe esophagitis is a rare complication of gastroesophageal reflux in children.
In adults, omeprazole therapy of severe erosive esophagitis has become the gold
standard short-term treatment of the disease. In children, data
on its use are limited, and problems about the dosage are unre-
solved. The aim of this study was to evaluate the efficacy of a
simplified, body-weight-based daily dosage of omeprazole in
children with severe esophagitis.

Ten children (median age 75.6 months; range 25-109 months)
with severe esophagitis were prospectively investigated. All
patients were evaluated by endoscopy, histology, and 24-h pH-
metry study before and after 3 months of omeprazole. The start-
ing dose of omeprazole was 20 mg as a single daily dose in
children weighing less than 30 kg, and 40 mg daily for those

A significant improvement in all the children was demonstrated
after 3 months of treatment by clinical, endoscopic, and pH-
metry assessment. However, histologic study failed to show
significant improvement of both inflammatory and hyperplastic
findings. Relapse occurred in six of 10 patients after discontin-

Omeprazole is effective in the short-term treatment of severe
oesophagitis in children. The daily dose of the drug could be
the body weight. The persistence of histologic features of
esophagitis in spite of clinical and endoscopic healing could be an indicator of

J Pediatr Gastroenterol Nutr. 1997 May,24(5):528-32.
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SK+F

GI news//Vol.5,Issue:l,March 2007

page




ischemia) by Haber-Weiss reaction (38)
following alteration of the antioxidant
enzymes of the gastric mucosa. Recent
studies also indicate that programmed
cell death or apoptosis plays a significant
role in gastric ulceration. Gastric mucos-

al  lesions caused by stress,
indomethacin, ethanol, and H. pylori are
also due to increased cell death by apop-
tosis. Apoptosis is promoted because of
an imbalance between the Bcl-2 family of
antiapoptotic protein and apoptotic Bax
protein in stress ulcer. Induction of tumor
necrosis factor- and release of
cytochrome ¢ to activate caspase-3-like
protease are involved in apoptotic cell
death in indomethacin ulcer. Apoptosis
also occurs because of nitric oxide pro-
duction through induction of nitric-oxide
synthase by H. pylori. Involvement of
ROS and oxidative damage of DNA and
DNA fragmentation have also been evi-
dent in apoptotic cell death in gastric
mucosal injury.

Although omeprazole is believed to offer
its antiulcer activity through acid sup-
pression by inactivating the H+-K+-
ATPase, very little is known regarding its
role in controlling oxidative damage and
apoptotic cell death of the gastric
mucosa during ulceration. The role of
acid suppression effect of omeprazole on
gastroprotection against some necrotiz-
ing agents (ethanol, acidified aspirin,
hypertonic saling, 0.6 M HCI) has been
studied earlier, where evidence has been
provided to show that acid inhibition
plays no significant role on the gastropro-
tective effect of omeprazole. Moreover,
omeprazole neither stimulates
prostaglandin biosynthesis nor increases
bicarbonate secretion to offer gastropro-
tection. Thus, omeprazole exerts its
antiulcer activity through some other
mechanism that has not been explored
yet. Using animal models of stress and
indomethacin-induced gastric lesions
and pylorus ligation-induced acid secre-
tion, evidence has been presented in this

paper to show that the gastroprotective
effect of omeprazole is not mediated
through its acid inhibitory effect. Further
evidence has been presented to show that
endogenous -OH plays one of the major
roles in gastric lesions and that omepra-
zole acts as a potent antioxidant to scav-
enge the endogenous -OH, thereby pre-
venting the oxidative damage by
increased lipid peroxidation and protein
oxidation. Moreover, it offers an antiapop-
totic effect by blocking DNA fragmenta-
tion during ulceration. Evidence has also
been presented to show that omeprazole
or lansoprazole blocks -OH-induced
oxidative damage of DNA by scavenging
-OH in vitro. Analysis of the major oxida-
tion product of lansoprazole indicates that
this antioxidant activity is due to scaveng-
ing of -OH to form an oxygenated product
that is assigned to lansoprazole sulfone.
The studies thus provide new insights on
the mechanism of the antiulcer effect of
proton pump inhibitors.

MATERIALS AND METHODS

Drugs and Chemicals-- Omeprazole was
akind gift from Dr. W. Beil (Medizinische
Hochschule,  Hannover,  Germany).
Lansoprazole, melatonin, -phenyl N-tert-
butylnitrone (PBN), thiobarbituric acid,
ethidium bromide, ascorbic acid, 2,4-
dinitrophenylhydrazine, collagenase type
1A, Pronase E, proteinase K, RNase, cata-
lase, guanidine HCI, Fast Blue BB salt,
tetraethoxypropane, benzenesulfinic acid,
and 5,5- dimethyl-1-pyrroline N-oxide
(DMPO) were purchased from Sigma.
Desferrioxamine was obtained from Ciba
Geigy Ltd. Vitamin E (-tocopheryl
acetate), Me2S0, and TLC plates coated
with silica gel 60 F254 were procured
from Merck.

Animals Used-- Sprague-Dawley rats
(200-250g) of both control and experi-
mental groups kept separately in con-
trolled condition were fasted for 24 h with
water ad libitum. The control group

The safety of omeprazole during pregnancy:
a multicenter prospective controlled study.

Am J Obstet Gynecol. 1998 Sep:179(3 Pt 1):727-30.

Lalkin A, Loebstein R, Addis A, Ramezani-Namin F;
Mastroiacovo P Mazzone T, Vial T Bonati M, Koren G.
Motherisk program, Toronto, Ontario, Canada.

OBJECTIVES:

Our purpose was to determine whether
omeprazole use during pregnancy is
associated with an increased risk of
malformations, spontaneous abortions,
decreased birth weight, or perinatal
complications.

STUDY DESIGN:

In a multicenter, prospective controlled
study, pregnant women exposed to
omeprazole during gestation were
matched with controls exposed to non-
teratogens and with disease-paired
controls who used histamine blockers
for similar indications. The primary end
point was the incidence of major mal-
formations.

RESULTS:

One hundred thirteen pregnant women
were exposed to omeprazole during
pregnancy. Rates of major malforma-
tions in the omeprazole group (4%) did
not differ from controls exposed to non-
teratogens (2%) (P = .68, relative risk
= 1.94, 95% confidence interval 0.36
to 10.36) and disease-paired controls
(2.8%). Birth weight, gestational age at
delivery, preterm deliveries, and
neonatal complications were compara-
ble among the three groups.

CONCLUSIONS:

No association was found between
exposure to omeprazole during the
period of organogenesis and increased
risk for major malformations. Exposure
throughout pregnancy is not associated
with increased risk of spontaneous
abortions, decreased birth weight, or
perinatal complications.
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received the vehicle only while the exper-
imental group received omeprazole
intraperitoneally 30 min prior to restraint
cold stress or indomethacin administra-
tion for gastric ulceration or pylorus liga-
tion for acid secretion. Animal experi-
ments (n = 8-30) were carried out fol-
lowing the guidelines of the animal ethics
committee of the institute. Human gastric
mucosal  biopsy specimens  were
obtained from the Cancer Centre Welfare
Home and Research Institute (Kolkata,
India) following approval by the human
ethics committee of the institute.

Restraint Cold Stress-induced Gastric
Ulceration-- The rats were immobilized
under light ether anesthesia and subject-
ed to cold (4 = 1 °C) stress for 3.5 h.
The severity of mucosal lesions was
scored as ulcer index as follows: 0 = no
pathology; 1 = a small ulcer (1-2 mm);
2 = a medium ulcer (3-4 mm); 4 = a
large ulcer (5-6 mm); and 8 = larger
ulcer (>6 mm). The sum of the total
scores divided by the number of animals
was expressed as the mean ulcer index.
Luminal acid content was determined by
titration with 1 mM NaOH using an auto-
burette pH stat system from Radiometer
(Copenhagen, Denmark).

Indomethacin-induced Gastric
Ulceration-- The rats were orally fed with
indomethacin at 48 mg/kg of body
weight. After 4 h, the animals were killed,
and gastric lesions in the mucosa were
scored and expressed as ulcer index as
follows: 0 = no pathology; 1 = one pin-
head ulcer. The sum of the total scores
divided by the number of animals gives
the ulcer index.

Pylorus Ligation-induced Gastric Acid
Secretion-- Hypersecretion was induced
in rats by pylorus ligation under light
anesthesia with ketamin (12 mg/kg of
body weight). The animals were killed 2.5
h after ligation, and the clarified gastric
fluid volume was determined and titrated
for acid content with 1 mM NaOH.

Measurement of Lipid Peroxidation as an
Index of Oxidative Damage-- Lipid perox-
idation products of the mitochondrial
membrane fraction of fundic stomach
homogenate were determined as thiobar-
bituric acid-reactive substances. The
fundic stomach from control, stress-
ulcerated, and omeprazole (4 mg/kg)-
pretreated stressed rats was homogenized
in ice-cold 0.9% saline in a Potter-
Elvehjem glass homogenizer for 45 s to
get 5% homogenate. One ml of the mito-
chondrial membrane fraction obtained
after differential centrifugation was
allowed to react with 2 ml of
trichloroacetic acid-thiobarbituric acid-
HCI reagent containing 0.01% butylated
hydroxytoluene, heated in a boiling water
bath for 15 min, cooled, and centrifuged,
and the supernatant was used for thiobar-
bituric acid-reactive substance determi-

nation at 535 nm using
tetraethoxypropane as standard.
Measurement of Protein  Carbonyl

Content as an Index of Oxidative Damage-
- Protein oxidation was measured as car-
bonyl content in the low speed super-

natant of the fundic stomach
homogenate. The fundic stomach from
control, stress-ulcerated, and omeprazole
(8 mg/kg) pretreated stressed rats was
homogenized in 50 mM sodium phos-
phate buffer, pH 7.4, in a Potter-Elvehjem
glass homogenizer for 45 s to get 10%
homogenate. After centrifugation at 600
x g for 10 min, the proteins from 0.8 ml
of the supernatant were precipitated with
5% trichloroacetic acid and allowed to
react with 0.5 ml of 10 mM 2,4-dinitro-
phenylhydrazine for 1 h. After precipita-
tion with 10% trichloroacetic acid, the
protein was washed thrice with a mixture
of ethanol-ethyl acetate (1:1), dissolved
in 0.6 ml of a solution containing 6 M
guanidine HCI in 20 mM potassium
phosphate adjusted to pH 2.3 with triflu-
oroacetic acid, and centrifuged, and the
supernatant was used for measurement of
carbonyl content at 362 nm ( = 22000
M1 cm1).

Measurement of Endogenous -OH--
Hydroxyl radical generated in the gastric
mucosa was measured using Me2S0 as
-OH scavenger. Briefly, the control group
was kept at room temperature without any
stress after administration (intraperi-
toneally) of 1 ml of Me2S0. The second
group received the same amount of
Me2SO 30 min before the onset of
restraint cold stress. The third group
received omeprazole (8 mg/kg intraperi-
toneally) 30 min prior to Me2S0 admin-
istration and were then subjected to
stress. After 3.5 h of stress, the animals
were killed, and fundic stomach was
processed for the extraction of methane-
sulfinic acid formed by reaction of -OH
with Me2S0. Methanesulfinic acid was
allowed to react with the Fast Blue BB salt
to yield an yellow chromophore that was
measured at 425 nm using benzene-
sulfinic acid as standard.

Measurement of DNA Damage in Vivo as
an Index of Apoptosis-- To study DNA
fragmentation as an index of apoptosis,
DNA was isolated from fundic mucosal
surface epithelial cells of normal rats and
rats subjected to restraint cold stress
without or after pretreatment with
omeprazole (8 mg/kg). Fundic mucosa
(~1.5 @) from three animals was
scraped, minced separately in PBS-E (50
mM sodium phosphate buffer containing
0.9% saline and 20 mM EDTA, pH 8),
washed twice with PBS-E, and finally
suspended in 2 ml of PBS-E containing
0.5 mg/ml collagenase. The suspension
was incubated at 37 °C for 1 h with stir-
ring, followed by the addition of Pronase
E (1 mg/ml), and further incubated for 15
min at 37 °C. It was centrifuged at 1000
rpm for 5 min. The pellet was dispersed
and incubated with 2 ml of a lysis buffer
containing 50 mM Tris-Cl, pH 8, 20 mM
EDTA, 10 mM NaCl, and 1% w/v SDS for
15 min. It was centrifuged at 14,000 x g
for 15 min, and DNA was isolated from
the lysate by a phenol-chloroform extrac-
tion procedure. DNA was dissolved in 10
mM Tris-Cl, pH 8, containing 1 mM EDTA
by gentle shaking at 65 °C. Residual con-
taminating RNA was removed by incubat-
ing the DNA solution with 1 ug/ml
DNase-free RNase at 37 °C for 1 h fol-
lowed by 0.1 mg/ml proteinase K for 3 h.
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Phenol-chloroform extraction was repeat-
ed to obtain purified DNA that was dis-
solved in 10 mM Tris-Cl buffer, pH 8,
containing 1 mM EDTA. To study DNA
fragmentation, DNA was loaded on to a
1.5% agarose gel. Electrophoresis was
carried out at 100 V for 1.5 h in TBE (90
mM Tris borate, 2 mM EDTA, pH 8)
buffer, and DNA was visualized by UV
exposure after staining with ethidium bro-
mide.

Measurement of Reactive Oxygen
Species Mediated Oxidative Damage of
DNA in Vitro and Its Protection by
Omeprazole or Lansoprazole-- To study
the antioxidant effect of omeprazole or
lansoprazole, -OH-mediated oxidative
damage of DNA isolated from rat mucos-
al surface epithelial cells or from human
gastric mucosal biopsy specimen was
studied in absence or presence of
omeprazole or lansoprazole. For isolation
of human gastric mucosal DNA, the
minced mucosa (1 g) was digested with
12 ml of the digestion buffer (100 mM
NaCl, 10 mM Tris-Cl, pH 8.0, 25 mM
EDTA, 0.5% SDS, 0.1 ug/ml proteinase
K, and 1 ug/ml RNase) by incubating in a
shaker bath at 52 °C for 15 h. DNA was
extracted from the lysate after phenol-
chloroform extraction as described. Rat
DNA (~200 ng) or human DNA (~300
ng) was incubated in a -OH-generating
system containing 100 mM sodium
phosphate buffer, pH 7.4, 0.2 mM
CuS04, and 1 mM ascorbate in a total
volume of 30 ! for a period of 30 min at
37 °C in presence or absence of omepra-
zole or lansoprazole. The reaction was
stopped by the addition of 1 ug of cata-
lase, and electrophoresis was carried out
in a 2% agarose gel.

Scavenging of -OH by Lansoprazole--
Hydroxyl radical was generated in vitro in
the Cu2+-ascorbate system and quanti-
tated as described by Babbs and Steiner.
The assay system contained in a final vol-
ume of 1 ml: 50 mM sodium phosphate
buffer, pH 7.4, 0.2 mM CuCI2, 2 mM

ascorbate, and 2 mM Me2SO in the
absence and presence of lansoprazole.
After incubation at 37 °C for 1 h, the reac-
tion was stopped with 0.5 mM EDTA, and
the methanesulfinic acid formed was
extracted and allowed to react with Fast
Blue BB salt for quantitation as
described.

Isolation of -OH Mediated Oxidation
Product of Lansoprazole-- Because crys-
talline lansoprazole is readily available
commercially, this experiment was car-
ried out with lansoprazole instead of
omeprazole with the aim of isolating the
-OH-mediated oxidation product of lanso-
prazole, if the latter scavenges -OH.
Lansoprazole (0.2 mM) was incubated at
37 °C for 3.5 hwith 0.2 mM CuCl2 and 2
mM ascorbate in the presence of 10 mM
phosphate buffer, pH 7.4, in a final vol-
ume of 400 ml. The content was evapo-
rated in a Eyela N-N series rotary vacuum
evaporator, and the residue was extracted
repeatedly with chloroform followed by
methanol. A control System containing
0.2 mM lansoprazole in 10 mM phos-
phate buffer was incubated under similar
conditions without a -OH-generating sys-
tem and subjected to the same extraction
procedure to find out whether any aerial
oxidation occurs or not. The major oxida-
tion product was isolated from the
methanol extract after separation by
preparative TLC on plate (8 x 18 cm)
coated with silica gel 60 F254 using
chloroform:methanol (90:10) as the
mobile phase. The compounds were
detected by spraying with iodine vapor.
The major oxidation product was recov-
ered from the TLC plate by elution with
methanol and was further purified by
Waters HPLC system using Waters 15 u
100 A Deltapak-C18 semipreparative col-
umn (7.8 x 300 mm) eluted with
methanol: water (80:20) at a flow rate of
1 ml/min. The absorbance was monitored
at 285 nm.

Analysis of Oxidation Product of
Lansoprazole-- The HPLC-purified major

oxidation product of lansoprazole was
dissolved in CDCI3, and the 1H NMR
spectrum was recorded in a Bruker 300
MHz NMR spectrometer. Molecular
weight was determined by electron
impact (El+) mass spectrometry using
Jeol JMS 600 mass spectrometer. The
UV-visible spectrum was recorded in a
Shimadzu UV-1601 spectrophotometer.

Statistical Analysis-- All of the data were
expressed as the means + S.E. The sig-
nificance was calculated using a
Student's t test.

RESULTS

Differential Effect of Omeprazole in
Blocking Gastric Ulcer and Gastric Acid
Secretion-- To investigate whether
omeprazole blocks gastric lesions
through an independent mechanism other
than the inhibition of acid secretion, the
dose-dependent effect of omeprazole was
studied both on  stress- and
indomethacin-induced gastric ulceration
and pylorus ligation-induced gastric acid
secretion. Omeprazole dose-dependently
blocks both stress and indomethacin-
induced gastric lesions showing nearly
90% inhibition at 8 and 16 mg/kg,
respectively. More than 90% of the ani-
mals showed no gastric lesion at all. In
contrast, omeprazole blocks pylorus liga-
tion-induced acid secretion at a higher
dose, causing nearly 90% inhibition at 20
mg/kg. However, one significant finding
is evident from the dose-response pat-
terns for blocking gastric damage and
acid secretion. At the dose of 2.5 mg/kg,
omeprazole cannot block acid secretion
at all, whereas at a slightly lower dose of
2 mg/kg, omeprazole blocks stress ulcer
by 70%, and indomethacin ulcer by 50%.
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The efficacy of omeprazole in blocking
gastric damage and acid secretion can be
more accurately determined by the
potency (ED50) calculation from the
dose-response profiles. Whereas the
ED50 values for inhibiting stress and
indomethacin-induced gastric lesions are
0.8 and 2 mg/kg, respectively, that for the
induced acid secretion is 3.25 mg/kg.
The data indicate that omeprazole blocks
gastric lesions through a mechanism
independent of its role on acid secretion.
The relationship between gastroprotec-
tion and acid inhibition by omeprazole
has been further clarified from the time
course studies of inhibition. The results
indicate that at the initial period of 1 h
when acid secretion is inhibited by 50%
only, gastroprotection by omeprazole is
almost complete, showing around 90%
inhibition of the gastric lesions caused by
stress or indomethacin. At later time peri-
ods of 2.5 and 3.5 h, gastroprotection
remains more or less at the same level
when acid inhibition is increased to 80%.
It is thus clear that omeprazole can offer
gastroprotection almost completely even
when it cannot completely block acid
secretion. In other words, omeprazole-
induced  gastroprotection is  not
decreased with relatively higher rate of
acid secretion. Omeprazole thus protects
gastric lesions through mechanisms
other than acid inhibition.

Role of Hydroxyl Radical on Gastric
Ulceration-- To assess whether endoge-
nous OH plays any significant role on the
development of gastric lesions, the effect
of Me2S0, a specific OH scavenger was
studied on both  stress- and
indomethacin-induced gastric lesions.
The data indicate that Me2S0O causes



87% protection of stress ulcer and 94%
protection of indomethacin ulcer without
affecting the luminal acid content. The
results indicate that OH plays one of the
major roles in stress- or indomethacin-
induced gastric lesions further shows that
time-dependent  severity of gastric
lesions (ulcer index) correlates well with
the increased generation of OH and not
with the luminal acid content, suggesting
that OH plays a significant role in the gas-
tric damage.

Effect of Omeprazole on OH-mediated
Oxidative Damage of the Gastric Mucosa-
- Because OH is one of the major
causative factors for gastric ulceration
and creates oxidative damage by
increased membrane lipid peroxidation
and protein oxidation, the effect of
omeprazole was therefore studied on
these two parameters. Omeprazole blocks
stress-induced generation of OH and at
the same time completely prevents radi-
cal-induced increased lipid peroxidation
and protein oxidation. Omeprazole thus
blocks gastric oxidative damage by acting
as an antioxidant through scavenging of
endogenous OH. The potency of omepra-
zole as an antioxidant to block gastric
lesions was compared with some natural
and synthetic antioxidants having antiul-
cer activity. The dose-response profiles
clearly indicate that omeprazole is more
potent than the naturally occurring antiox-
idants such as vitamin E or melatonin or
some synthetic antioxidants such as des-
ferrioxamine, a transition metal ion chela-
tor to prevent OH generation, or PBN, a
radical scavenger.

Effect of Omeprazole on DNA Damage of
the Mucosal Cell as an Indication of
Apoptosis-- Apoptotic cell death is asso-
ciated with DNA fragmentation, and
oxidative attack is thought to be one of
the underlying mechanisms. Because
restraint cold stress causes extensive

damage of the surface epithelium with
numerous cells sloughed off into the gas-
tric lumen because of cell death, it is
interesting to investigate whether this
process is associated with apoptotic cell
death or not. Stress-induced gastric
epithelial cell damage is associated with
DNA fragmentation showing typical DNA
ladder, an index of cell apoptosis.
However, omeprazole pretreatment can
completely block stress-induced DNA
fragmentation, suggesting its antiapop-
totic role to prevent cell death during
ulceration.

Antioxidant Role of Omeprazole and
Lansoprazole in Blocking Oxidative DNA
Damage in Vitro-- Oxidative damage of
DNA can be studied in vitro when incu-
bated in a -OH-generating system. Rat
gastric mucosal cell DNA, when incubat-
ed in the Cu2+-ascorbate-mediated OH-
generating system, is completely frag-
mented into small pieces so that the main
DNA band is not observed at all. DNA can
be completely protected from the oxida-
tive damage by catalase, suggesting the
involvement of H,0, in the process.
Protection is also evident with the spin
trap DMPO, suggesting the generation of
the radical species. The data indicate that
DNA is oxidatively damaged by OH gen-
erated from H,0, in presence of Cu2+
and ascorbate (reducing equivalent of 0)
through a metal-catalyzed Haber-Weiss
reaction. However, omeprazole blocks
this oxidative damage in a concentration-
dependent manner, showing complete
protection at 500 uM.. Lansoprazole
completely prevents oxidative damage at
500 uM. Lansoprazole can also block
oxidative damage of human gastric
mucosal DNA in a concentration-depend-
ent manner, showing complete protection
at 500 uM.

Effect of Lansoprazole on the Level of OH
in Vitro-- The protection of the oxidative
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DNA damage by omeprazole or lansopra-
zole may be explained as being due to its
direct scavenging action on OH so that
DNA is spared from the radical attack. To
study the OH scavenging action, OH gen-
gration was measured in vitro in the
Cu2+-ascorbate system in the absence
and presence of lansoprazole.
Lansoprazole can directly decrease the
level of OH in a concentration-dependent
manner showing 90% inhibition at 2 mM.
Because lansoprazole does not decom-
pose H,0, or chelate Cu2+ (data not
shown), the effect is not due to the
decreased generation of OH from
endogenous H202 through metal-cat-
alyzed Haber-Weiss reaction.

Identification and Isolation of Oxidation
Product of Lansoprazole-- To investigate
the possibility for scavenging of OH by
lansoprazole to form an oxidation prod-
uct, lansoprazole was incubated in the
Cu?2+-ascorbate system, and the mixture
after extraction with chloroform followed
by methanol was subjected to TLC.
Single spot of commercial lansoprazole
used in this study, the formation of at
least four oxidation products of lansopra-
zole, of which spot 4 is the major oxida-
tion product. None of these products were
detected when lansoprazole was incubat-
ed only in phosphate buffer. This major
oxidation product was isolated from the
preparative TLC plate and subjected to
HPLC. The chromatogram shows a major
peak of the product preceded by a num-
ber of small peaks probably contributed
by some impurities from the silica gel.
These impurities were removed by isolat-
ing the compound in the major peak by
HPLC. The HPLC-purified product shows
more than 95% purity as evidenced by
HPLC profile. The product when run in
TLC shows one single spot exactly
matching with the Rf value of spot 4.

Characterization of the Oxidation Product
of Lansoprazole-- The HPLC-purified oxi-
dation product of lansoprazole when ana-
lyzed by El+ mass spectroscopy shows a
clear molecular ion peak at m/z 385,
which was 16 mass units higher than that
of lansoprazole (m/z 369 not shown).
This indicates that the compound is an
oxidation product of lansoprazole involv-

ing the addition of one oxygen atom. The
oxidation product absorbs at 278 nm
because of the presence of the benzene
ring. The addition of alkali does not cause
any alkaline shift to the higher wavelength
characteristic to phenol, indicating that
no hydroxylation occurs at the benzene
ring to form hydroxylansoprazole. When
compared with lansoprazole, no addition-
al aromatic proton signal was detectable
in the oxidation product by 1H NMR (not
shown). Thus, the oxidation product hav-
ing a molecular ion mass of 385 is an
oxygenated species of lansoprazole,
formed by scavenging of OH.

DISCUSSION

The salient points of the present studies
are that omeprazole blocks stress and
indomethacin-induced gastric lesions
through mechanism independent of its
role on acid secretion. Omeprazole can
protect ulcer at a dose that does not
inhibit acid secretion. Time course stud-
ies on gastroprotection and acid inhibi-
tion further indicate that omeprazole can
almost completely block gastric lesions
at the initial period when acid secretion is
not completely inhibited. On the other
hand, Larsson and co-workers showed
that intravenous doses of omeprazole that
block acid secretion cannot protect
ethanol-induced gastric lesions, sug-
gesting that acid inhibition plays no sig-
nificant role on gastroprotective effect of
omeprazole, which is observed after oral
administration of the drug, presumably
through its local action. Although this
observation is opposite to ours because
of the different experimental design and
different models of ulcer and acid secre-
tion used, nevertheless, it is clear from
both these studies that omeprazole offers
gastroprotection through a mechanism
other than acid inhibition. Second, evi-
dence has been provided to show that
majority of the gastric lesions is caused
by endogenous OH, as revealed by
almost complete (—~90%) protection by
Me,SO0, a specific OH scavenger. This is
further supported by the finding that
time-dependent severity of gastric
lesions correlates well with the increase
in endogenous OH and has no correlation
with the luminal acid content. Almost
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complete protection by other antioxidants
like melatonin, desferrioxamine, and PBN
further strengthens the view that OH plays
one of the major roles in the development
of gastric lesions. Third, omeprazole
scavenges the endogenous OH and thus
blocks radical-induced oxidative damage
of the membrane lipid and proteins.
Fourth, DNA damage and fragmentation,
an indication of apoptotic cell death dur-
ing ulceration, is also protected by
omeprazole. Omeprazole or lansoprazole
also protects OH-mediated oxidative
damage of DNA in vitro. These studies
indicate that omeprazole blocks gastric
lesions by acting as an antioxidant and
antiapoptotic compound. Finally, using
lansoprazole as an analogue of omepra-
zole, evidence has been provided to show
that lansoprazole scavenges OH to form
lansoprazole sulfone as a major oxidation
product.

Gastric mucosal integrity is maintained
by a dynamic process of cell death and
cell proliferation. Among various factors
involved in gastric mucosal lesions,
oxidative damage (13, 22, 25-37) and
apoptotic cell death (39-51) play signifi-
cant roles in the loss of gastric mucosal
integrity caused by various aggressive
factors. In other words, lesions develop
when oxidative damage and apoptosis
predominate over the healing process
(62) by cell proliferation where the role of
various growth factors, nitric oxide,
endothelin, angiogenesis, mitogen-acti-
vated protein kinases, and oncogene (c-
myc, c-Ha-ras, and c-fos) expression has
been demonstrated. The modern
approach of understanding the mecha-
nism of the antiulcer effect of omeprazole
should therefore be directed toward
exploring its plausible role in preventing
oxidative damage and apoptosis as well
as on the promotion of healing process
by cell proliferation. As far our knowledge
goes, this is the first evidence to show
that omeprazole blocks gastric lesions by
preventing oxidative damage and apopto-
sis of the gastric mucosal cells. Although
omeprazole blocks ulceration at a lower
dose (<2.5 mg/kg) without inhibiting
acid secretion, suggesting its independ-
ent antiulcer activity, at higher doses its
additional antisecretory action definitely
exerts beneficial effect by preventing
aggravation of the wound, thereby help-
ing the healing process by cell prolifera-
tion. The question arises as to how
omeprazole offers antiulcer activity inde-
pendent of acid secretion. Our studies
indicate that omeprazole is highly effec-
tive in blocking membrane lipid peroxida-
tion and protein oxidation, which occur
because of oxidative damage by ROS
especially by OH. Omeprazole can scav-
enge the endogenous OH and thus pre-
vents oxidative damage and gastric
lesions. By blocking oxidative damage
through lipid peroxidation and protein
oxidation, omeprazole prevents loss of
membrane permeability and dysfunction
of the cellular proteins, leading to survival
of the functionally active cells. Many nat-
ural and synthetic compounds are known
to offer antiulcer effect by acting as
antioxidants. Melatonin (a pineal hor-
mone), vitamin E, PBN, or desferrioxam-
ine directly or indirectly decreases the
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endogenous level of OH to block gastric
ulcer. Comparative bioefficacy studies
indicate that omeprazole is superior to
these antioxidants in blocking gastric
lesions. However, the most important
effect of omeprazole lies in its novel anti-
apoptotic role during ulceration, as evi-
denced by prevention of DNA fragmenta-
tion in vivo. Apoptosis of mucosal cells
occurs almost in all types of gastric ulcer
where DNA damage and fragmentation
occur by various aggressive factors.
Using histological section and terminal
deoxynucleotidyltransferase biotin-dUTP
nick end labeling (TUNEL) staining tech-
nique, gastric mucosal cell apoptosis
was detected up to 4 h after stress, fol-
lowing which cell proliferation was found
to be significantly increased to promote
mucosal healing. Moreover, apoptosis is
triggered by the up-regulation of apopto-
sis-promoting Bax mRNA and down-reg-
ulation of the antiapoptotic Bcl-2 mRNA
expression. We have, however, directly
demonstrated stress-induced DNA frag-
mentation in the surface epithelial cell
and the beneficial role of omeprazole to
block it, thereby preventing apoptotic cell
death and gastric lesions. It is not clear
yet how differential expression of Bax and
Bcl-2 proteins  controls  apoptosis.
However, decreased gastric mucosal
blood flow leads to the ischemic condi-
tion to generate ROS through alteration of
antioxidant systems of gastric mucosa,
which may cause apoptosis through

oxidative damage of DNA. However,
ischemia may also cause apoptosis
through other mechanisms such as
involvement of Bcl-2, Bax, and c-Fos
proteins. Excessive generation of nitric
oxide by gastric mucosal-inducible
nitric-oxide synthase by stress also pro-
motes apoptosis through increased for-
mation of ROS. That ROS can cause

oxidative damage of DNA isolated from
both rat and human gastric mucosal
epithelial cells has been evident from our
in vitro studies where incubation of DNA
with an OH-generating system causes
extensive DNA degradation, which is sen-
sitive to catalase and DMPO. Both
omeprazole and lansoprazole have a
unique capacity to block this oxidative
damage, indicating its potent antioxidant
role to protect DNA from the attack of OH.
This could be achieved if omeprazole or
lansoprazole can directly scavenge the
‘OH to form oxidation product.
Lansoprazole when incubated in the OH-
generating system, can in fact diminish
the level of OH by its direct scavenging
action. This is evident by the observation
that incubation of lansoprazole in the
-OH-generating system produces four
oxidation products, of which the major
one shows the addition of 16 mass units
(m/z 385) over the mass of lansoprazole
(m/z 369), indicating incorporation of an
oxygen atom into  lansoprazole.
Omeprazole and lansoprazole undergo
oxidation in cytochrome P-450 systems
to produce hydroxyomeprazole or hydrox-
ylansoprazole and omeprazole sulfone or
lansoprazole sulfone. Hydroxylation in the
benzene ring of lansoprazole in our sys-
tem does not occur because the oxidation
product absorbing at 278 nm does not
show the characteristic alkali shift for the
formation of phenol. Absence of any
additional aromatic proton signal in the

1H NMR spectrum also negates the pos-
sibility of the formation of phenolic group
in the oxidation product. Thus, addition of
an oxygen atom has occurred at the sul-
fur atom of the lansoprazole to form lan-
soprazole sulfone. The possible mecha-
nism of formation of lansoprazole sulfone
from lansoprazole by scavenging OH.
Lansoprazole is converted to a highly
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reactive sulfur centered radical interme-
diate by scavenging the OH, and the
intermediate is stabilized to form lanso-
prazole sulfone by further incorporation
of OH at the sulfur radical with the elimi-
nation of one molecule of water.

The present study thus provides the first
direct evidence for the antioxidant and
antiapoptotic role of omeprazole in pre-
venting gastric ulceration by scavenging
endogenous OH. This is in contrast to the
earlier observation that omeprazole nei-
ther protects indomethacin-induced gas-
tric damage nor decreases apoptotic DNA
fragmentation. Although a large number
of reports (including the present study)
indicate that omeprazole prevents
indomethacin-induced gastric damage,
the inability of omeprazole to block gas-
tric lesions and associated apoptosis is
not clear, and hence the conclusion that
omeprazole does not possess antiapop-
totic property to block indomethacin
ulcer remains to be verified. However, a
question may arise as to what percentage
of total gastroprotection by omeprazole is
mediated through block of apoptosis and
its antioxidant action by scavenging OH.
Because quantitation of total gastropro-
tection by omeprazole is difficult to
assess because it has morphological,
cellular, biochemical and pharmacologi-
cal parameters, extensive studies are
required to answer this question. Because
gastric ulceration is a multifactorial
process, it is possible that gastroprotec-
tive effect of omeprazole may partially be
mediated through other mechanisms
also. Recently omeprazole has been
shown to prevent compound 48/80 (mast
cell  degranulator)-induced  gastric
lesions (with no acid secretion) by acting
as an antiinflammatory agent and also by
preventing neutrophil infiltration, activa-
tion, and associated mucosal damage.
Thus, omeprazole may have multiple
modes of action. Although no unifying
concept has developed yet on the mech-
anism of gastric mucosal damage caused
by various ulcerogens, it will be interest-
ing to investigate whether omeprazole
has a common molecular target for gas-
troprotection. Because apoptosis and
reactive oxygen species play significant
roles in mucosal damage, it is conceiv-
able that antiapoptotic and antioxidant
role of omeprazole play a major part in
the total gastroprotection. These novel
actions of omeprazole are of particular
clinical significance for the control of
gastroduodenal ulcer by this class of pro-
ton pump inhibitors.
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Abstract

AIM:

To evaluate the omeprazole maintenance
therapy in patients with recurrent ulcer
bleeding after surgery for duodenal ulcer.

METHODS:

We studied 15 consecutive patients with
recurrent ulcer bleeding after surgery for
duodenal ulcer. Omeprazole (20 mg/d)
maintenance therapy was given after
ulcer healing. In addition to clinical fol-
low-up, ambulatory 24-h gastric pH
assay was performed before and during
omeprazole therapy in those patients and
controls with previous duodenal ulcer
surgery but no ulcer recurrence.

RESULTS:

All the 15 ulcers were healed after being
treated with omeprazole (40 mg/d) for 2
mo. Eleven patients with two (1-9)
episodes of recurrent ulcer bleeding
completed the follow-up (43, 12-72 mo).
None of them had a bleeding episode
while on omeprazole. One patient discon-
tinued the therapy and had recurrent
bleeding. The median 24-h fraction time
of gastric pH <4 in patients was 80, 46-
95%, and was reduced to 32, 13-70% by
omeprazole (p = 0.002).

CONCLUSION:

Long-term maintenance therapy with
omeprazole (20 mg/day) is effective in
preventing recurrent ulcer bleeding.

Demertzis K, Polymeros D, Emmanuel T, Triantafyllou K, Tassios
P, Ladas SD. Omeprazole maintenance therapy prevents recur-
rent ulcer bleeding after surgery for duodenal ulcer. World J
Gastroenterol 2006; 12(5):791-795
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INTRODUCTION

H pylori eradication therapy and the use
of potent proton pump inhibitors (PPIs)
have dramatically reduced the need for
surgical therapy of peptic ulcer disease.
Still, about 10 % of duodenal ulcer
patients undergo emergency surgical
therapy for acute ulcer bleeding.
However, recurrent ulcer is not uncom-
mon as it occurs in 10-15 % of patients
after vagotomy and drainage and in 2-5 %
of patients after gastric resection. This
may be complicated by life threatening
acute recurrent ulcer bleeding in certain
patients, requiring hospitalization.

Several studies have investigated the rate
of ulcer recurrence after duodenal ulcer
surgery and the completeness of vagoto-
my, but only a few studies have evaluated
the anastomotic ulcer healing rates after
being treated with H2 receptor antago-
nists (H2RA) or PPI therapy. Studies have
shown that H pylori infection of the gas-
tric mucosa is not related to ulcer recur-
rence after gastric surgery. Furthermore,
it has been shown that 28 % of anasto-
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motic ulcers recur within 6 wk after dis-
continuing cimetidine therapy, and 33%
relapse within a year while on cimetidine
maintenance therapy.

These patients are often treated with a
second operation. However, to the best of
our knowledge, there are no studies
investigating the long-term outcome of
patients with recurrent post-surgical ulcer
and whether maintenance acid suppres-
sion therapy with PPIs may prevent recur-
rent ulceration and/or re-bleeding.
Therefore, the present prospective open
label study was conducted to investigate
gastric pH profile and the effect of
omeprazole maintenance therapy in
patients presented with recurrent ulcer
bleeding after duodenal ulcer surgical
therapy.

MATERIALS AND METHODS

Over a 7-year period, this prospective
open label study included 15 consecutive
male patients admitted to our department
due to recurrent acute ulcer bleeding. All
patients underwent gastric surgery for
duodenal ulcer disease at least 2 years
ago.

Clinical study

In each case, emergency endoscopy was
performed to confirm recurrent ulcer
bleeding. The finding of an ulcer was
considered as the bleeding cause if active
bleeding or stigmata of recent hemor-
rhage were noted in the absence of other
lesions. The recurrent ulcers were peris-
tomal or duodenal in location. At the
same time, detailed history was obtained
about the indication and time of past gas-
tric operation and the number of hospital
admissions with hematemesis or melena
after gastric surgery. History specifically
included questions about the use of
H2RA, PPIs or non-steroidal anti-inflam-
matory drugs (NSAIDs), smoking and
alcohol abuse. In all the patients fasting
serum gastrin and salicylate concentra-
tions were determined to exclude
Zollinger—Ellison syndrome and recent
consumption of non-steroidal antiinflam-
matory drugs. Patients who were on non-
steroidal anti-inflammatory drugs were
excluded. During endoscopy, multiple
gastric mucosal biopsies were obtained
to investigate H pylori infection.

All patients were initially treated with
intravenous omeprazole (20 mg every 12
h) and then orally after discharge from the
hospital. H pylori eradication therapy was
not used to prevent ulcer recurrence, but
H pylori was eradicated in two patients
because of severe H pylori gastritis.
Follow-up endoscopy was scheduled at 2
mo, while on oral omeprazole (40 mg/d)
to confirm ulcer healing. Thereafter, the
patients were instructed to receive oral
omeprazole (20 mg/d) maintenance ther-
apy, to avoid the use of any non-steroidal
anti-inflammatory drugs and to have fol-
low-up every 6 mo as outpatients.

Twenty-four-hour gastric pH studies

Twenty-four-hour gastric pH studies were
performed in the following groups on
omeprazole therapy (20 mg/d) but not on
antisecretory therapy: patients with first or
second degree reflux esophagitis (Los
Angeles classification) (“normal” con-
trols); patients with duodenal ulcer; con-
trols who underwent vagotomy and
pyloroplasty or gastrojejunostomy for
duodenal ulcer but had no ulcer recur-
rence; controls who had Billroth Il partial
gastrectomy and patients who had recur-
rent anastomotic ulcer bleeding after gas-
tric surgery for duodenal ulcer. In the lat-
ter group of patients (test group), 24-h
gastric pH studies were performed while
on omeprazole (40 mg/d, 20 mg/d).
Omeprazole was then discontinued and
the patients were treated with ranitidine
150 mg twice daily for 2 d, followed by a
2-d washout period before the pH study
in patients not on antisecretory therapy.
The duodenal ulcer group included
patients admitted to our department for
acute ulcer bleeding and volunteered to
have 24-h pH studies. The vagotomy and
gastrectomy control groups included
patients who attended the outpatient clin-
ic for various epigastric symptoms and
volunteered to participate in the study
after having a negative gastroscopy.

performed using a monocrystalline anti-

mony pH catheter. The electrode was
passed transnasally into the stomach,
10-15 cm below the detectable esopha-
gogastric junction by endoscopy. The
catheter was connected to a portable pH-
recording device (Digitrapper Mk III,
Synectics Medical AB, Stockholm,
Sweden). Recorded data were uploaded
into the "EsopHogram Analysis Software”
for analysis and review. During the 24-h
pH studies, patients were encouraged to
keep up their usual activities and diet in
order to maximize the diagnostic yield of
the test. The 24-h fraction (%) time when
the gastric pH was below 4 was calculat-
ed.

All patients and volunteers gave oral con-
sent after being informed of the purpose
of the study by the investigator. The study
protocol was approved by the Ethics
Committee  on  Human  Studies,
Department of Internal Medicine, Medical
School of the Athens University. The trial
was conducted according to the declara-
tions of Helsinki.

Statistical analysis

We used non-parametric  statistics
[“Statgraphics-Plus” version 4 for
Windows (Manugistics Inc., Rockville,
USA)], because of the small number of
observations included in each group.
Results were presented as median with
ranges. We used the non-parametric
Mann-Whitney (Wilcoxon) two-sided U-
test and the Kruskal-Wallis t-test for two
and multiple-sample comparison analy-

ered statistically significant.




RESULTS

Clinical data and follow-up

Over a 7-year period, 15 consecutive
male patients with recurrent ulcer bleed-
ing after surgery for duodenal ulcer were
admitted to our department because of
acute bleeding episode. Serum gastrin
was normal and salicylates were not
detected in the serum in any of the 15
patients during their hospitalization. In
addition, all patients denied the use of
non-aspirin, non-steroidal anti-inflam-
matory drugs after thorough interrogation.

Ulcer in all the 15 patients was healed
after treatment with omeprazole (40
mg/d) for 2 mo. However, four of them
did not consent to gastric pH studies and
were lost to clinical follow-up within the
first year from entering the study.
Therefore, data were presented for 11
patients.

Two out of the eleven patients had a his-
tory of two gastric operations because of
recurrent ulcer bleeding. The time of
recurrent ulcer bleeding after gastric sur-
gery was 6 years, averaged 2-18 years.
The number of hospital admissions
because of post surgical ulcer bleeding
was 2, averaged 1-9. At study entry, 3/11
patients were smokers and 5/11 were H
pylori-positive. H pylori was successfully
eradicated in two of these five patients
upon admission to the study. One of the
H pylori-negative patients had successful
triple eradication therapy at another hos-
pital a year ago.

No recurrent ulcer or re-bleeding
occurred during the maintenance therapy
(omeprazole 20 mg/d) over the follow-up
period (43 mo, averaged 12-72 mo). One
patient discontinued treatment and had
recurrent bleeding 8 mo after stopping
omeprazole. Currently, he was symptom-
free on omeprazole maintenance therapy.

There were no significant adverse events
related to treatment.

Twenty-four-hour gastric pH studies
Results of the 24-h intragastric pH moni-
toring studies are shown in Table 2. The
“normal” control group included 10
patients with first or second degree reflux
esophagitis, who were matched for age,
sex and H pylori status with the recurrent
post-surgical ulcer patients. They were
selected from a pool of patients with
reflux esophagitis on 24-h esophageal-
gastric pH monitoring. The duodenal
ulcer control group included seven
patients hospitalized because of duode-
nal ulcer bleeding. The vagotomy control
group included seven patients who had
truncal vagotomy and drainage for duo-
denal ulcer. The gastrectomy control
group included seven patients who had
partial gastrectomy (Billroth Il) for duode-
nal ulcer. Volunteers of the vagotomy and
gastrectomy control groups studied at
least 2 years postoperatively had no post-
operative ulcer recurrence. The test group
included ten of the eleven patients who
had truncal vagotomy (n = 5) or Billroth
Il gastrectomy (n = 5) and recurrent
anastomotic ulcer bleeding. Intolerance
to nasogastric pH probe was not studied
in another patient who had vagotomy and
drainage. There were three failures out of
30 24-h gastric pH recordings in the test
group. One of the vagotomy controls
refused to have the 24-h pH study on
omeprazole.

Treatment-free (baseline) 24-hour
gastric pH studies

The 24-h gastric pH measurements of the
groups studied during treatment-free
period are shown in Table 2. There was a
statistically significant difference in the
24-h fraction time of gastric pH < 4
among the six groups (T = 29.10, p <
0.001), with the lowest values recorded
in the Billroth Il gastrectomy control

group. Patients who had vagotomy and
recurrent ulcer bleeding had a signifi-
cantly different (higher) 24-h fraction
time of gastric pH < 4 as compared to
vagotomy controls (U = 32, p = 0.023).
This difference was also significant when
bleeding patients after gastrectomy were
compared to those of the gastrectomy
control group (U = 35, p = 0.006).

Twenty-four hour gastric pH studies
(omeprazole 20 mg/day)

Gastric pH studies were performed in the
control and patient (test) groups on
omeprazole (20 mg/d). Billroth Il gastrec-
tomy control group did not undergo this
study because of the low fraction time of
gastric pH <4 recorded during treat-
ment-free  gastric pH  monitoring.
Omeprazole therapy (20 mg/d) signifi-
cantly reduced the 24-h fraction time of
gastric pH < 4 in both control and patient
groups.

Twenty-four hour gastric pH studies
in patient group

Eight out of the ten patients underwent all
(baseline 20 mg/day and 40 mg/day
omeprazole) 24-h gastric pH studies.
One additional patient underwent only
baseline, and another patient both base-
line and omeprazole (20 mg/day) 24-h
gastric pH studies. The 24-h fraction time
of gastric pH < 4 (80, 46 - 95%) was
significantly reduced by omeprazole (20
mg/d) to 32, 13 - 70% (U = 6, p =
0.002) and by omeprazole (40 mg/d) to
11, 1- 40% (omeprazole 20 mg/day vs
40 mg/day, U = 9, p = 0.01).

DISCUSSION

The data of the present study showed that
recurrent ulcers after gastric surgery for
duodenal ulcer can heal after 2 months of
40 mg/day omeprazole therapy. Even
more important, none of our patients had
a re-bleeding episode while on omepra-
zole maintenance therapy over a 3.5-year
follow-up period.

A large review is available on the compli-
cations associated with ulcer recurrence
following gastric surgery including 130
studies published on this topic over a 30-
year period. The authors estimated that
vagotomy plus drainage is associated
with @ 9 % recurrence rate and a risk of
hemorrhage of 1.7 %. Partial gastrectomy
has a lower recurrence rate (< 1 %) but
a similar risk of hemorrhage (1.3 %).
Such patients with recurrent ulcer bleed-
ing are often submitted to a second gas-
tric operation to cure recurrent ulcer.
Similarly, most of our patients had a his-
tory of two or more hospital admissions
for recurrent ulcer bleeding after surgery
and two of them had a second gastric
operation that failed to cure recurrent
ulcer.

Cimetidine has been used in a few clini-
cal trials including a small number of
patients with recurrent ulcer bleeding fol-
lowing surgery for peptic ulcer disease.
Cimetidine heals about 85 % of ulcers
within 8 weeks, but about 30 % of ulcers
relapse within 6 months after discontinu-
ing therapy. Furthermore, 33 % of ulcers
recur 1 year after surgery while on cime-
tidine maintenance therapy[6], probably
because of tolerance to H2RA, which is
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more significant after 4 wk of therapy.
Finally, there is only one clinical trial
using omeprazole therapy for 12 patients
with recurrent ulcer after vagotomy or
gastrectomy and all ulcers are healed
after 8 weeks of omeprazole therapy|[8],
suggesting that maintenance therapy with
PPIs is the only alternative for surgical
intervention. Since as many as one-third
of patients with anastomotic ulcer have
recurrent ulcer within a year after discon-
tinuing acid reduction therapy, an open
trial of PPl maintenance treatment should
be considered ethically justifiable.

The role of H pylori in recurrent peptic
ulcer disease after gastric surgery has
been investigated in several clinical stud-
ies, showing that H pylori does not play
an important role in post surgical ulcer
recurrence. Less than half of our patients
with recurrent ulcer bleeding were H
pylori-positive upon admission to the
study. Furthermore, one of our patients
who had successful H pylori eradication
therapy during a previous hospitalization
was admitted to our department for a new
episode of anastomotic ulcer bleeding.
Another patient had two gastric opera-
tions for recurrent ulcer bleeding. Upon
study entry, he had successful H pylori
eradication therapy, followed by omepra-
zole (20 mg/d) maintenance therapy. He
was healthy for 2 years and then lost his
follow-up. He was readmitted to another
hospital for recurrent ulcer bleeding 8 mo
after discontinuing PPI maintenance ther-
apy, though he was H pylori-negative.

With regard to the underlying mechanism
of ulcer recurrence, our study showed
that patients with recurrent ulcer bleeding
after truncal vagotomy or partial gastrec-
tomy had a higher treatment-free 24-h
intragastric acidity than controls with no
ulcer recurrence after the same operation,
suggesting that vagotomy may be incom-
plete due to a retained antrum. Our data
showed that ulcer healing therapy with
omeprazole (40 mg/d) could strongly
inhibit gastric acid secretion. The intra-
gastric acidity could also be significantly
reduced with oral omeprazole mainte-
nance treatment (20 mg/d).

Other factors that may be implicated in
ulcer recurrence after surgical treatment
for duodenal ulcer include a decreased
resistance to acid in the jejunal mucosa,
the site of pyloroplasty and anastomosis,
possibly due to local ischemia and scar-
ring. Hirschowitz and Lanas also showed
that aspirin abusers develop intractable
recurrent ulceration following gastric sur-
gery for peptic ulcer disease. However,
our patients refused to use non-steroidal
anti-inflammatory drugs and their serum
salicylates were negative. Zollinger-
Ellison syndrome was also excluded by
normal fasting serum gastrin.

In conclusion, omeprazole (20 mg/d)
maintenance therapy should be the treat-
ment of choice for patients with recurrent
ulcer after gastric surgery for duodenal
ulcer disease.
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