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ABSTRACT

Background and aim: We study
the effects of melatonin and omepra-
zole on rats with experimentally in-
duced reflux esophagitis.

Materials and methods: Sixty rats
were divided into 12 sham operated
rats and 48 rats with induced reflux
esophagitis (RE), which were divided
into either RE alone or pretreated by
melatonin (MT), omeprazole or both,
with or without inhibition of prosta-
glandin (PG) generation by indometh-
acin. Reflux esophagitis was induced
in rats by ligating the pylorus and the
junction between the forestomach
and corpus. In all rats, gastric acid
output, pH, nitric oxide (NO), melato-
nin, esophageal PGE2, malondialde-
hyde (MDA) and reduced glutathione
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(GSH) were measured. The esopha-
geal injury was assessed by macro-
scopic damage score, lesion length
and microscopic regenerative epithe-
lial changes and leucocytic infiltration
scores.

Results:  Induction of RE in-
creased gastric acid output, plasma
NO, mucosal PGE2, MDA, decreased
pH, plasma MT, GSH and caused
esophageal mucosal injury. Indo-
methacin administration to RE rats
caused further increase in esopha-
geal injury, acid output and decrease
in pH and PGE,. Pretreatment with
omeprazole significantly increased
pH, decreased acid output, and
esophageal injury in comparison to
MT pretreatment. In addition, MT pre-
treatment induced significant increase
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in mucosal PGE,, plasma MT and
NO as compared with omeprazole.
No statistical significant change was
found between action of MT or omep-
razole on MDA, and GSH. The pro-
tective effects of MT but not omepra-
zole ’ .attenuated by
indomethacin. Combined MT and
omeprazole decreased acid output,
MDA, esophageal injury and in-
creased pH, and GSH relative to the
RE rats non-treated or those treated
with omeprazole or MT. Moreover,
combined MT and omeprazole signifi-
cantly increased NO, mucosal PGE,,
and plasma MT relative to the RE rats
non-treated or those treated with

were

omeprazole but not MT.

Conclusion : Omeprazole and MT
have protective effects in rats with ex-
perimentally induced RE not only be-
cause of their inhibitory effect on gas-
tric acid secretion but also due to
their anti-oxidant action. Moreover,
omeprazole is more effective than MT
and combined treatment with MT and
omeprazole is more "effective than
each of them alone.

Key words : Reflux esophagitis,
melatonin, omeprazole, prostaglan-
din, esophageal mucosa, esophageal
lesions.

Vol. 40, No.1 & 2 Jan., & April, 2009

INTRODUCTION

Reflux esophagitis is a common
disease entity whereby gastric juice
gains access to the esophagus due to
transient lower esophageal sphincter
(LES) relaxation, a low esophageal
clearance speed, a lack of mucosal
resistance, and is often associated
with low LES pressure (1). The pres-
ence of refluxed materials induces dif-
ferent grades of oesophageal dam-
age ranging from low to high grade
oesophagitis (2). It is generally be-
lieved that reflux of gastric contents
causes inflammation, erosions, ulcer-
ation, and destruction of the normal
squamous epithelium of the oesopha-
gus (), If left untreated the erosion
and ulceration of esophageal mucosa
caused by gastric acid can induce
several disease conditions, such as,
chronic esophagitis, aspiration pneu-
monia, esophageal strictures, and
Barrett's esophagus, the Ilatter of
which is a premalignant condition (4).
However, the severity of reflux esoph-
agitis cannot be accurately predicted
based on acid exposure, which sug-
gests that other damaging factors or
possibly impaired mucosal resistance
are also involved (5). Recent studies
implicated oxygen derived free radi-
cals in RE induced esophageal muco-
sal damage resulting in mucosal in-
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flammation. Thus, control over free
radical generation and modulation of
inflammatory responses might offer
better therapeutic effects to counter-
act the severity of RE (6),

Melatonin (N-acetyl -5- methoxy-
tryptamine), an indole formed enzy-
matically from L-tryptophane, is the
most versatile and ubiquitous hormo-
nal molecule, produced not only in
animals but also in some plants (7).
Melatonin (MT) is generally believed
to be secreted by the pineal gland in
response to environmental light /dark
cycles via suprachiasmatic nucleus,
the master circadian oscillator in the
brain, which regulates the circadian
rhythms of several biological func-
tions, especially circadian secretion of
melatonin. (8). Melatonin has several
important physiological functions in
mammals including seasonal repro-
ductive regulation, immune enhance-
ment and regulation of light- dark sig-
nal transduction along with the
capacity to influence possibly some
aspects of aging. Additionally, it has
been shown to have widespread anti-
oxidant effects in variety of organ sys-
tems (9).

Melatonin is widely distributed in
the human body. Besides pinealocy-

tes, the enteroendocrine cells (EE),
especially in the GIT are considered
to be a rich extrapineal source of me-
latonin. Some studies indicate that
GIT is probably the most abundant
extra pineal source of melatonin with
mucosal concentrations recorded af-
ter protein meal exceeding by 100-
400 times the blood plasma level (10),
Although pineal melatonin acts prev-
alently in an endocrine capacity, ex-
trapineal melatonin may act as an au-
tocrine or a paracrine hormone (11),
affecting the function of the gut epi-
thelium, lymphatic tissues of the im-
mune system and the smooth mus-
cles of the gastrointestinal tract (8).
Endogenous and exogenous melato-
nin is involved in the pre- and post-
prandial changes of intestinal motility
(8). MT acts on target cells either di-
rectly or via G-protein coupled mem-
brane MT receptors (MTR), mainly
MTR1,MTR2 or MTR3 that modulate
several intracellular messengers such
as cAMP, ¢cGMP and Ca*2 (12), pre.
vious studies demonstrate that MT
may be one of the most efficient pro-
tective factors preventing the devel-
opment of acute gastric damage in-
duced by topical strong irritants (as
reactive oxygen species, ethanol, wa-
ter - immersion restraint stress, ische-
mia and aspirin) and accelerating

MANSOURA MEDICAL JOURNAL



70 EFFECTS OF MELATONIN VERSUS OMEPRAZOLE etc..

healing of acute gastric ulcers (13).

The maintenance of integrity of ep-
ithelial barrier of the GIT against ag-
gressive factors involve both neural
and paracrine systems (14). Cycloox-
ygenase (COX)-PG and nitric oxide
synthase (NOS)-NO systems are
parts of this paracrine protection (13),
However, the involvement of COX-
PG and NOS-NO systems in the
mechanism of esophageal integrity
are still not completely understood.
Particularly, little is known about the
involvement of melatonin (MT), that is
a potent antioxidant substance, with
confirmed protective activity in the
gastro-duodno-pancreatic region (16),
in the acute esophageal mucosal inju-
ry and local esophageal microcircula-
tion as well as in the paracrine protec-
tion including activation of COX-PG
and NOS-NO systems.

Proton pump inhibitors such as
omeprazole are extensively used
for therapeutic control of acid-related
disorders including gastroesophageal
reflux disease and Zollinger-Ellison
syndrome and for peptic-ulcer dis-
ease caused by stress (stress-related
erosive syndrome), nonsteroidal an-
tiinflammatory drugs, and Helico-
bacter pylori infection (17). Inhibition
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of gastric acid secretion by these
compounds is considered to be an
important step to control the disor-
ders (18),

The aim of this work was to study
the effects of melatonin and omepra-
zole on the esophageal lesions in a
rat model with experimentally-induced
reflux esophagitis.

MATERIALS AND METHODS

Animals

Sixty Sprague-Dawley rats were
purchased from Vaccine and Immu-
nization Authority (Helwan, Cairo,
Egypt) and housed (Animal House,
Medical Physiology department, Fa-
culty of Medicine, Mansoura Universi-
ty, Egypt) in standard cages in groups
of four to six animals per cage under
controlled conditions (temperature
25+10C, and a 12:12 light/dark cycle),
with free access to food and water
for 1 week for acclimatization. The
animals (250-270 g) were fasted for
24 h before the experiment. Drinking
water was freely available to the ani-
mals up to 2 hr before the experi-
ments. All experimental procedures
were approved by Medical Research
Ethical Committee of Mansoura Uni-
versity, Egypt.
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Esophagitis induction

Under ether inhalation anesthesia,
the abdomen was incised along the
midline and then both the pylorus and
the junction between the forestomach
and corpus were simultaneously ligat-
ed according to the method described
by Nakamura et al- (19), Consequent-
ly, the total capacity of the stomach to
preserve the gastric juice was greétly
diminished, resulting in reflux of gas-
tric juice into the esophagus. A longi-
tudinal cardiomyotomy of length ~1
cm was performed across the gas-
troesophageal junction to enhance re-
flux. The animals were fasted for 36 h
after the operation but were allowed
free access to drinking water. Then,
after the end of the 36 hours, the ani-
mals were killed with an overdose of
ether, and the esophagus and stom-
ach were removed as a single unit.

Animal groups :
Sixty rats were divided into the fol-
lowing groups :
Group | (12 rats) : Included sham
operated rats which were used as
a control group These rats were
further subdivided into:
la (6 rats) : sham operated rats.
Ib (6 rats): sham operated rats
pretreated with indomethacin

(Sigma, USA) (5 mg/kg intraperit-
oneally) (13).

Group Il (12 rats): Included rats
in which reflux esophagitis was in-
duced. These rats were further
subdivided into:
Ila (6 rats): rats with reflux
esophagitis alone.
llb (6 rats): in which reflux
esophagitis was induced in indo-
methacin treated rats. Indomtha-
cin, (5 mg/kg intraperitoneally, i.p)
was given 30 minutes before the
start of ligation (13),

Group Ill (12 rats) : in which me-
latonin (Sigma, USA) was given to
rats before induction of reflux
esophagitis. These rats were fur-
ther subdivided into:
llla (6 rats) : in which melatonin
(20 mg/kg, i.p) was given to rats
30 minutes before induction of
reflux esophagitis (13),
b (6 rats) : in which melatonin
was given before induction of re-
flux esophagitis in indomethacin
treated rats. Rats administered
melatonin (20 mg/kg i.p) followed
30 minutes later by indomethacin
(5 mg/kg intraperitoneally) & fi-
nally 30 minutes later by induc-
tion of reflux esophagitis.
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Group IV (12 rats) : in which
omeprazole (Sigma, USA) was
given to rats before induction of re-
flux esophagitis. These rats were
further subdivided into:.
IVa (6 rats) : in which omepra-
zole (60 mg/kg, i.p) (20) was giv-
en to rats 30 minutes before in-
duction of reflux esophagitis.
IVb (6 rats) : in which omepra-
zole was given before induction
of reflux esophagitis in indometh-
acin treated rats. Rats adminis-
tered omeprazole (60 mg/kg i.p)
followed 30 minutes later by in-
domethacin (5 mg/kg intraperito-
neally) & finally 30 minutes later
by induction of reflux esophagitis.

Group V (12 rats) : in which both
MT and omeprazole were given to
rats before induction of reflux
esophagitis. These rats were fur-
ther subdivided into:
Va (6 rats) : in which both MT
and omeprazole were given to
rats before induction of reflux
esophagitis. MT was given (20
mg/kg, i.p.) followed 30 minutes
by omeprazole (60 mg/kg, i.p.) &
finally 30 minutes later by induc-
tion of reflux esophagitis.
Vb (6 rats) : in which both MT
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and omeprazole were given be-
fore induction of reflux esopha-
gitis in indomethacin treated rats.
Rats administered MT (20 mg/kg,
i.p.) followed 30 minutes by
omeprazole (60 mg/kg i.p), then
30 minutes later by indometha-
cin (5 mg/kg intraperitoneally) &
finally 30 minutes later by induc-
tion of reflux esophagitis.

Quantification of gastric acid se-
cretion :

Thirty six hours after pylorus liga-
tion, rats were killed with an overdose
of ether, and gastric contents were
collected and centrifuged at 3,000 g
for 10 min at 4°C. After centrifugation,
the supernatant gastric juice volumes
(ml/rat), pH values (pH meter, Cyber
Scan 500) and acidities (mEq/l) were
measured. Acidities were determined
by titration of gastric juice vs. 0.1 N
NaOH to pH 7.0. Acid outputs are ex-
pressed as mEg/hr (20).

Determination of plasma melato-
nin (MT) and nitric oxide (NO) levels:

A venous blood sample was with-
drawn from rat tail vein into EDTA
containing vials & used for determina-
tion of plasma melatonin by ELISA kit
(Cat. No., RE54021, IBL International
GmbH, Hamburg, Germany) in accor-
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dance with manufacturer instructions
(21), The concentration of nitric ox-
ide (NO) was measured through the
determination of nitrite and nitrate lev-
els with the QuantiChromTM Nitric
Oxide Assay Kit (DINO-250) (BioAs-
say Systems, USA), which is de-
signed to accurately measure NO
production following reduction of ni-
trate to nitrite using improved Griess

method (22)-

Biochemical Assays of esopha-
geal mucosa :

The oesophageal - mucosa was
stripped of the muscle layer, and
stored frozen at -70°C for the follow-
ing biochemical assays. When oxy-
gen derived free radicals are generat-
ed in excess of the capability of the
scavenging system, cells can be
damaged by peroxidising lipids. Mal-
ondialdehyde (MDA), an index of lipid
peroxidation, was determined in
esophageal mucosa according to the
method of Buege and Aust, (23)
measuring spectrophotometrically the
formation of thiobarbituric acid reac-
tive substances. Reduced glutathione
(GSH) levels, which reflect the cellu-
lar redox status, were colorimetrically
measured with BioAssay Systems'
QuantiChrom™ Giutathione Assay
Kit (DIGT-250) (BioAssay Systems,

USA) according to the manufacturer’s
instructions (24). Esophageal mucosal
PGE2 concentration was determined
using immunoassay kit specific for
PGE2 (R & D System, Inc, Miannea-
polis MN, USA) (25),

Measurement of gross esophageal
lesions

In all rats, the esophagi were re-
sected up to the upper segment close
to the hypopharynx. Then, they were
cut along with the longitudinal axis.
The lesion length (mm) that had de-
veloped in the esophagus was meas-
ured by ruller using hand lens. For ex-
amination of macroscopic changes,
the esophageal lesion score system
was used from 0 to 3 and photo-
graphed. According to this macro-
scopic scoring, esophagus had score
0 for normal shimmering mucosa, 1
for hyperemic or edematous mucosa
with focal hemorrhagic spots, 2 for
multiple erosions with haematin at-
tached, 3 for ulcerations, dark necrot-
ic spots (13),

Histopathological assessment

The dissected animal esophagi
were opened longitudinally and 3
specimens were obtained; upper [ap-
proximately 5 mm below the cricopha-
ryngeus], middle [midpoint between
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the cricopharyngeus and the eso-
phagogastric (EG) junction] and lower
[approximately 0.5 mm above the EG
junction] segments of the esophagus.
Paraffin embedded formalin fixed
blocks were obtained and 5-um sec-
tions were stained:with hemotoxyline
& eosin. According to Schindlbeck et
al (26), the microscopic assessment
of esophagitis includes; epithelial hy-
perplasia, Lamina propria changes
and leucocytic infiltration. Epithelial
hyperplasia is represented by expan-
sion of basal zone (>15% of the total
epithelial thickness) and elongation of
lamina propria papillae (> two-thirds
of the epithelial thickness). Lamina
propria changes include dilatation
and congestion of capillaries, forming
vascular "lakes" or hemorrhages in
the superficial papillae. Leucocytic in-
filtration includes intraepithelial eosin-
ophils, neutrophils, lymphocytes (nor-
mally about 10 lymphocytes/HPF).
Mucosal erosion and ulceration repre-
sent the extreme end of the GERD
spectrum. Evaluation of the pathologi-
cal changes followed the modified
scoring system of Konturek et al (13),
The sum of 3 specimens (upper, mid
and lower oesophageal) of the same
rat was calculated. The score in-
cludes; regenerative epithelial chang-
es score: 0-none, 1- basal hyperpla-
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sia, 2 mitosis, acanthosis, 3- parake-
ratosis; and score for Leukocytic infil-
tration: 0-none, 1- mild, 2- moderate,
3- severe.

Analysis of data

The statistical analysis was per-
formed using the SPSS statistical
Package version 10.0 (SPSS, Chica-
go, IL, USA). To compare the data,
the recorded values were expressed
as means + standard error of means
(meantSEM). A p value of < 0.05

was considered statistically significant
(27).

RESULTS

Effects of melatonin, omeprazole
& both on biochemical, macroscopic
and microscopic  parameters in
rats with induced reflux esophagitis
(Table 1) :

During the experiments of reflux
esophagitis (RE), gastric acid output,
plasma nitric oxide (NO), mucosal
PGE2 and MDA increased while pH,
plasma MT, GSH decreased signifi-
cantly relative to sham operated rats.
Rats with RE have a macroscopic
damage score of 2.4+0.07 and lesion
length "40.2+0.7mm. Moreover, in
these rats, significant increase occurs
in regenerative epithelial changes
and leucocyte infiltration scores rela-
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tive to sham operated rats.

Omeprazole administration before
induction of RE significantly de-
creased acid output, and MDA, in-
creased pH and GSH while no sig-
nificant effect was shown on MT,
mucosal PGE2 and plasma NO rela-
tive to the RE group. Moreover, it sig-
nificantly decreased the macroscopic
damage score, lesion length and re-
generative epithelial changes and leu-
cocyte infiltration scores relative to
the RE group.

Melatonin administration before in-
duction of RE significantly decreased
acid output, and MDA and increased
pH, plasma MT, NO, mucosal PGE2
and GSH relative to the RE group.
Moreover, it significantly decreased
the macroscopic damage score, le-
sion length and the regenerative epi-
thelial changes and leucocyte infiltra-
tion scores relative the RE group. The
effect of MT in increasing pH and de-
creasing acid output, macroscopic
damage score, lesion length, and re-
generative epithelial changes and leu-
cocyte infiltration scores is less
whereas its effect in increasing muco-
sal PGE2, plasma MT and NO is
more significant than omeprazole. No
significance was reported between
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action of MT or omeprazole on MDA,
and GSH.

Combined administration of both
MT and omeprazole before induction
of RE significantly decreased acid
output and MDA and increased pH
and GSH relative to the RE rats non-
treated or those treated with omepra-
zole or MT. Moreover, it significantly
increased NO, mucosal PGE2 and
plasma MT relative to the RE rats
non-treated or those treated with
omeprazole but not MT. On the other
hand, it significantly decreased the
macroscopic damage score, lesion
length and regenerative epithelial
changes and leucocyte infiltration
scores relative to the RE rats non-
treated or those treated with omepra-
zole and MT.

Effects of melatonin, omeprazole
& both on biochemical, macroscopic
and microscopic parameters in
indomethacin administered rats with
induced reflux esophagitis (Table
2]

During the experiments of reflux
esophagitis (RE) in indomethacin ad-
ministered rats, gastric acid output,
and MDA increased while pH, plasma
MT, NO, GSH and mucosal PGE; de-
creased significantly relative to sham
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operated rats. Indomethacin adminis-
tered rats with induced RE have a
macroscopic damage score  of
2.940.07 and lesion length
47.2+1.5mm. Moreover, in these rats,
significant increase occurs in regener-
ative epithelial changes and leuco-
cyte infiltration scores relative to
sham operated rats. These parame-
ters were increased significantly rela-
tive to those in RE rats not adminis-
tered indomethacin.

Omeprazole administration before
induction of RE in indomethacin ad-
ministered rats significantly de-
creased acid output, and MDA, and
increased pH and GSH while no sig-
nificant effect was shown on plasma
NO, MT and mucosal PGE; relative
to the RE group. Moreover, it signifi-
cantly decreased the macroscopic
damage score, lesion length and the
microscopic epithelial thickness and
leucocyte infiltration scores relative to
the RE group.

Melatonin administration before in-
duction of RE in indomethacin admin-
istered rats significantly decreased
acid output, and MDA and increased
pH, plasma MT, NO and GSH relative
to the RE group. It tends to increase
PGE> but non- significantly. Moreo-
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ver, it significantly decreased the
macroscopic damage score, lesion
length and the microscopic epithelial
thickness and leucocyte infiltration
scores relative the RE group. While
the effect of MT in increasing pH and
decreasing acid output, damage
score, lesion length and regenerative
epithelial thickness and leucocyte in-
filtration scores is less significant than
omeprazole, its effect in increasing
plasma MT and NO is more signifi-
cant. No significance was reported
between action of MT or omeprazole
on MDA, mucosal PGE> and GSH.
Effects of MT on acid output, pH, mu-
cosal PGE,, macroscopic damage
score, lesion length and regenerative
epithelial thickness and leucocyte in-
filtration scores were attenuated by
administration of indomethacin rela-
tive to those in RE rats not adminis-
tered indomethacin.

Combined administration of both
MT and omeprazole before induction
of RE in indomethacin administered
rats significantly decreased acid out-
put, and MDA and increased pH and
GSH relative to the indomethacin ad-
ministered RE induced rats either
non-treated or those treated with
omeprazole or MT. Moreover, it had
no significant effect on mucosal



Amr M. Abbas et al ... 77

PGEp, whereas it significantly in-
creases plasma MT and NO relative
to the indomethacin administered RE
induced rats either non-treated or
those treated with omeprazole but not
MT. On the other hand, it significantly
decreased the macroscopic damage

score, lesion length and the micro-
scopic epithelial thickness and leuco-
cyte infiltration scores relative to the
indomethacin administered RE in-
duced rats either non-treated or those
treated with omeprazole and MT.

Table (1): Effects of melatonin (MT), omeprazole & both on biochemical,
macroscopic and microscopic parameters in rats with induced

reflux esophagitis (RE):
Sham "
operated RE O:i:":’R';”‘ MT with RE C::;‘:;‘;"
rats

Biochemical
parameters: 21.1£2.1 213.5+7.2° | 85.99.1° 151.526.6™ 50.7+5.2%
-Acid output(pEg/h)
-pH 7.2£0.4 1.7+0.1° 5.1£0.2° 3.820.1™ 6.9+0.1>¢
-Plasma NO (umol/L) | 28.8+3.1 37.4£1.9° | 383221 45.8+1.2% 47.5224"
-Mucosal PGE; (ng/g | 134431 241+44° 245+38 325438> 328.8435%
tissue)
-Melatonin (pg/ml) 105+14 81+12° 8410 371+59" 367+£53 "
-MDA (uM/g tissue) 0.2+0.01 3.5+0.1° 1.2+0.2° 1.0+0.1° 0.5+0.1%¢
-GSH (uM/g tissue) 180+7 30+3° 140£6° 144+6° 1605 %4
Macroscopic changes:
- Damage score - 2.4+0.07" | 0.5£0.01° 0.80.02™ 0.2+0.01 >
-Lesion length (mm) = 402+1.7* | 19.1x1.1° 27.6x1.5™ 12.9+1.7%¢
Histological changes: "
-Regenerative 0.0+0.0 2.6+0.09° | 1.2+0.07° 1.8+0.04 % 0.6£0.01 >4
epithelial changes:
-Lecocyte infiltration: | 0.2+0.01 2.6+0.08* | 1.120.01° 1.7£0.01 0.520.01 >

Values are expresse
NO: nitric oxide

PGE;: prostaglandin E,
MDA: malondialdehyde

GSH: reduced glutathione

a: significant relative to sham operated group.  b: significant relative to RE group. c:
significant relative to omeprazole administered group.  d: significant relative to melatonin
administered group.

as means+SEM (standard error of means).
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Table (2): Effects of melatonin (MT), omeprazole & both on biochemical,
macroscopic and microscopic parameters in induced reflux
esophagitis (RE) of indomethacin administered rats:

Sham operated | RE rats | Omeprazol | MT in RE | Combined
rats pretreated | pretreated in RE rats | rats in RE rats
with with pretreated pretreated pretreated
indomethacin indomethacin | with with with
ind hacin indomethacin indomethaci

Biochemical .

parameters: 25.142.2 242.5£10.8't | 96.1x11.3° 172.9£6.3%F | 71.9£6.7%%

-Acid

output(pEqg/L)

-pH 7.0£0.3 1.120.1'% 49+02° 3.0+0.1%¢ 6.5+0.1°%

-Plasma NO | 28.6+3.1 20.2+1.9* 21.322.8 29.2423"% 31.1£2.9%

(pmol/L)

-Mucosal 130£29 80+17% 85161 91.8+10.7% 93.9+12.7F

PGE; (ng/g

tissue)

-Melatonin 105+14 788" 80+9 380£45™ 379+41%

(pg/ml)

-MDA (uM/g | 0.2£0.01 3.6£02° 0.9+£0.2° 0.8£0.2° 0.4+0.1%¢

tissue)

-GSH  (uM/g | 1807 33+5° 13748° 140+ 8° 1637

tissue)

Macroscopic

changes: - 2.9+0.07° 0.6x0.1° 1.620.1%F 0.4+0.01 >

- Damage score | - ‘ 47.2£1.5% 20.6£1.3° 35.9+1.9% | 14.7+£3.8%¢

-Lesion length

(mm)

Histological

changes: 0.3+0.01 2.9+0.07°t 1.420.1° 2.1£0.03%%+ | 0.8+0.05%¢

-Regenerative

epithelial 0.2£0.02 2.9:0.07*t 1.3:0.1" 22+0.03"F | 0.6£0.01*

changes:

-Lecocyte

infiltration:

Values are expressed as means+SEM (standard error of means).

NO: nitric oxide s

PGE;: prostaglandin E,

MDA: malondialdehyde

GSH: reduced glutathione

a: significant relative to sham operated group.  b: significant relative to RE group. c:
significant relative to omeprazole administered group.  d: significant relative to melatonin
administered group. t: significant relative to corresponding group not administered
indomethacin.
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Fig (1) : Normal eosophageal epitheli-
um. Keratinization is a nor-
mal finding in rat esopha-
gus (H&E stain, x100).

Fig (3): Focal basal cell hyperplasia
more than 15% of epithelial
thickening (H&E stain,
x200).

Fig (2): Marked epithelial hyperplasia
with elongation of papilla
(more than 1/3 of epithelium)
and focal basal cells destruc-
tion (H&E stain, x400).

Fig (4) : Leukocytic infiltrate formed
mainly of eosinophils in
lamina propria(H&E stain,
x400).
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DISCUSSION

Esophageal lesion is likely to be
multifactorial and the esophageal mu-
cosa response to acid refluxate dam-
age was associated with a failure in
several mechanisms that include sen-
sory nerves, and an endogenous NO
release, an enhanéement in the ex-
pression and release of cytokines,
growth factor, adhesion molecules,
and heat shock proteins and an in-
crease in apoptosis (28). Small quan-
tities of NO produced by calcium de-
pendent nNOS play a physiological
role in the gastrointestinal motility.
Decreased nNOS function can result
in motility disorders and lead to lower
esophageal sphincter failure and
GERD scenario, with relapse and
chronicity of the disease (29). NO pro-
duced by eNOS dilates mucosal
blood vessels and prevents leucocy-
tes aggregation, and is therefore es-
sential for the maintenance of esoph-
ageal mucosal blood flow. Absence of
eNOS derived NO resuits in an in-
creased susceptibility of GIT to injury
(31). Pretreatment with NG-nitro-L-
arginine (L-NNA), a non specific in-
hibitor of NOS, is accompanied by a
decrease in plasma NO level, which
results in reduction in esophageal
blood flow (EBF) (13). This greatly
augments the esophageal damage;

Vol. 40, No. 1 & 2 Jan., & April, 2009

therefore it is reasonable to conclude
that NOS/NO mediated response is
important component of esophageal
cytoprotection (13). On the other
hand, oxygen free radicals are direct-
ly implicated in the pathogenesis of
indomethacin induced mucosal dam-
age (30). Furthermore, it has been
shown that reflux esophagitis in rats
is mediated by oxygen-derived free
radicals, lipid peroxidation products or
superoxide anions (31).

The present study evaluates the
effects of the antiulcer drugs melato-
nin, omeprazole and the combination
of both drugs in the reflux esophagitis
with and without indomethacin admin-
istration.

An important endogenous sub-
stances involved in esophageal mu-
cosal defense are prostaglandins
(PG) (13). According to our results,
RE caused significant increase in
gastric acid output, decrease in pH
and mucosal PGE2 generation. Fur-
thermore, indomethacin, non selec-
tive blocker of cyclooxygenase-
prostaglandin (COX/PG) system,
caused a dramatic suppression of PG
biosynthesis, significant increase in
gastric acid output and decrease in
pH resulting in significant aggravation
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of esophageal injury. Moreover, the
plasma level of NO in our study was
significantly altered by GERD and fur-
ther changed following pretreatment
with indomethacin.

Our study showed that omepra-
zole administration before induction
of RE, with or without indomethacin,
significantly decreased acid output
and increased pH reiative to the RE
group. Inhibition of gastric acid secre-
tion by Proton pump inhibitors (PPI)
as omeprazole is considered to be an
important step to control the RE disor-
der (18)_ Proton pump inhibitors inhibit
acid secretion by irreversibly interact-
ing with the H*-K+-ATPase, the termi-
nal proton pump of the parietal cell
(32). In the acid space of the secret-
ing parietal cell or in the vicinity of the
enzyme, these compounds are con-
verted to thiophilic sulfenamide or sul-
fenic acid, which reacts mainly with
the Cys-813 residue in the catalytic
subunit of the H*-K*+-ATPase, which
is critical for enzyme inactivation (33),

The modern approach of under-
standing the mechanism of the antiul-
cer effect of omeprazole should be di-
rected toward exploring its plausible
role in preventing oxidative damage
and apoptosis as well as on the pro-

motion of healing process by cell pro-
liferation.  Although  omeprazole
blocks ulceration at a lower dose (2.5
mg/kg) without inhibiting acid secre-
tion suggesting its independent antiul-
cer activity, at higher doses its addi-
tional antisecretory action definitely
exerts beneficial effect by preventing
aggravation of the wound, thereby
helping the healing process by cell
proliferation (34).

The present study showed that
omeprazole administration, before in-
duction of RE in rats with or without
indomethacin, significantly decreased
MDA and increased plasma GSH rel-
ative to the RE group. Thus, we can
suggest that omeprazole has antioxi-
dant and free radical scavenging ac-
tivities. Suzuki et al (35) have demon-
strated that omeprazole, in vitro,
modulates neutrophil functions such
as inhibition of oxygen derived free
radical production and degradation of
glucuronidase and lysozyme. PPls
such as omeprazole may affect in-
flammation regardless of their effect
on inhibition of acid secretion. Omep-
razole may thus prevent ulcer recur-
rence mainly by marked inhibition of
acid secretion and its direct effect on
neutrophil functions (36). Kobayashi
et al., (37) reported that omeprazole
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prevent RE and gastritis in rats by
acting as an anti-inflammatory agent
and by preventing neutrophil infiltra-
tion, and mucosal damage. Bandyo-
padhyay et al., (38) and Biswas et al.,
(34) found that omeprazole acts not
only as proton purmip inhibitor but also
as an antioxidant and hydroxyl radical
scavenger. Therefore, omeprazole is
highly effective in blocking membrane
lipid peroxidation and protein oxida-
tion, which occur because of oxida-
tive damage by reative oxygen spe-
cies (ROS) especially by OH (39).
By blocking oxidative damage
through lipid peroxidation and protein
oxidation, omeprazole prevents loss
of membrane permeability and dys-
the cellular proteins,
leading to survival of the functionally
active cells (34). Moreover, it offers
an antiapoptotic effect by blocking
DNA fragmentation during ulceration.
Evidence has also been presented to
show that omeprazole or lansopra-
zole blocks OH-induced oxidative
damage of DNA by scavenging OH
in vitro (34). This could be achieved
if omeprazole or lansoprazole can
directly scavenge the OH to form
oxidation product. Omeprazole and
lansoprazole undergo oxidation in
cytochrome P-450 systems to pro-
duce hydroxyomeprazole or hydroxy-

function of
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lansoprazole and omeprazole sulfone
or lansoprazole sulfone (40). Omep-
razole has been shown to prevent
compound 48/80 (mast cell degranu-
lator)-induced gastric lesions (with no
acid secretion) by acting as an antiin-
flammatory agent and also by pre-
venting neutrophil infiltration, activa-
tion, and associated mucosal damage
(37). Thus, omeprazole may have
multiple modes of action.

Also, the current study demon-
strated that omeprazole has no signif-
icant effect on plasma MT, NO and
mucosal PGEp. Larsson et al (41)
showed that omeprazole neither stim-
ulates prostaglandin biosynthesis nor
increases bicarbonate secretion to of-
fer gastroprotection. Moreover, in our
study, omeprazole significantly de-
creased the macroscopic damage
score, lesion length, and the micro-
scopic epithelial thickness and leuco-
cyte infiltration scores relative to the
RE group either non treated or those
treated with melatonin. Thus, omepra-
zole has more prophylactic effect
than melatonin in GERD. Since indo-
methacin pretreatment had no effect
on the protective effect of omeprazole
against reflux esophagitis, the partici-
pation of endogenous prostaglandins
in the underlying mechanism could be
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ruled out. These results were in
agreement with Okabe et al (20),

Our study revealed that melatonin
(MT) administration, before induction
of RE in rats with or without indo-
methacin, significantly decreased
acid output, and increased pH. These
results are in agreement with Kato et
al (42) and Lahiri et al (6) who report-
ed that melatonin decreases gastric
acid secretion. In the present study,
we also found that the inhibitory effect
of MT on gastric acid secretion is sig-
nificantlly lesser than the effect of
omeprazole. Konturek et al (43)
showed that the esophagoprotective
activity of melatonin against GERD
might be related to the inhibitory ef-
fect of this indole on gastric acid se-
cretion and due to stimulation of gas-
trin release, which might attenuate
the gastro-esophageal reflux by stim-
ulation of the contractile activity of the
lower esophageal sphincter. Reiter et
al. (44) and Bandyopadhyay and Cat-
tapdhyay (49 concluded that MT
functions in the gut seem to be pro-
tection of the mucosa from erosion
and ulcer formation and to influence
the movement of the gastrointestinal
content through the digestive system.
Bubenik et al. (46) demonstrated that
4-week administration of melatonin in

the diet significantly reduced the inci-
dence of spontaneous (chronic) gas-
tric ulcers in young pigs. It is of inter-
est that the pigs with such ulcers
exhibited lower contents of melatonin
in the gastric mucosa and in the
blood suggesting that these sponta-
neous ulcers originate from the local
deficiency of this indole.

Moreover, the current study
showed that MT significantly de-
creased esophageal lipid peroxidation
products (MDA) that are aggravated
by RE, whereas, the depleted levels
of the anti-oxidant glutathione ob-
served in RE were replenished by
melatonin signifying its free radical
scavenging properties and antioxi-
dant effects resulting in the improve-
ment of esophageal defense mecha-
nism. These results were consistent
with previous studies (6. 47, 48) Me-
latonin was found to protect the gas-
trointestinal mucosa from oxidative
damage caused by reactive oxygen
species (ROS) not only by scaveng-
ing OH radicals but also possibly by
increasing the activities of two key
gastric antioxidant enzymes, i.e gas-
tric peroxidase (GPO) and superoxide
dismutase (SOD) (38). Also, the
mechanism of melatonin beneficial
action has been attributed to its high
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lipophilic properties allowing for the
rapid entrance into the cells to protect
their subcellular compartments (49),
No significant difference was found
between the effect of MT and omep-
razole on MDA and GSH, therefore
we can suggest that both have nearly
the same anti-oxidant, free radical
scavenging actions. Furthermore, MT
administration increased plasma level
of MT, and NO, and mucosal PGE2
content. In indomethacin adminis-
tered rats with RE, MT tend to in-
crease PGE2 generation but this in-
crease was non significant. It is
widely accepted that melatonin, a po-
tent endogenous free radical scaven-
ger, plays a pivotal role in NO mediat-
ed vasodilatation and enhances the
generation of endogenous mucosal
PGEZ2, derived from the COX activity
(16), causing esophageal hyperemia,
suggesting that these favorable ef-
fects of this indole were mediated
through mucosal NOS/NO and COX/
PG system (16,50.51) Therefore, the
increased NO and PGE2 by MT ad-
ministration, in the present study, re-
sulted in vasodilating effect on esoph-
ageal microcirculation and increased
EBF which prevented the formation of
mucosal lesions, afforded protection
against the damage of the mucosa
exposed to acid refluxate and de-
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creased the macroscopic damage
score. These results were in accord
with Koturek et al (13),

Moreover, our study showed that
MT significantly decreased the mac-
roscopic damage score, lesion length,
and the microscopic regenerative epi-
thelial changes and leucocyte infiltra-
tion scores in RE rats, with or without
indomethacin  administration, but
these effects were less significant
than those of omeprazole. Since
these protective effects of MT, but not
omeprazole, were significantly attenu-
ated by pretreatment with COX inhibi-
tor (indomethacin), we can propose
that MT protects esophageal mucosa
by increasing mucosal blood flow
through the enhancement of PG re-
lease in the mucosa.

In addition, melatonin can exert its
effect in the protection and treatment
of GERD by several other mecha-
nisms. The first is the involvement of
melatonin in the stimulation of the
mucosa -protective alkaline secretion
by gastric mucosa (52). Reiter et al.
(44) stated that melatonin influences
bicarbonate secretion in the stomach
and duodenum and has a role in pre-
venting and repairing ulcers in them.
They also reported that melatonin's
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action in the control of bicarbonate
secretion involves the central and pe-
ripheral sympathetic nerveus systems
and this action is receptor mediated.
Kato et al. (33) found that melatonin
plays a protective, anti-stress role in
the gastric mucosa via a mechanism
involving the central nervous system
as melatonin may readily cross the
blood brain barrier. They added that
the inhibitory effect of peripherally ad-
ministered melatonin may be mediat-
ed not only by peripheral receptors in
the stomach but also by receptors in
the central nervous system. Konturek
et al (54) and Lahiri et al (6) reported
that MT has strong anti-inflammatory
effect as it inhibits the expression of
the proinflammatory cytokine TNFa.

Combined administration of both
MT and omeprazole before induction
of RE in untreated rats or those ad-
ministered indomethacin significantly
decreased acid output and MDA and
increased pH and GSH relative to the
RE rats or those pretreated with
omeprazole and MT. Moreover, they
significantly increases NO and plas-
ma MT relative to the RE rats or
those pretreated with omeprazole but
not MT. Mucosal PGE2, in RE rats
not treated with inomethain, was sig-
nificantly increased by the combined

MT and omeprazole relative to the
RE rats or those pretreated with
omeprazole but not MT. In addition,
they significantly decreased the mac-
roscopic damage score, lesion length
and the microscopic regenerative epi-
thelial changes and leucocyte infiltra-
tion scores relative to the RE rats or
those pretreated with omeprazole and
MT.

Rieter et al. (%) reported that me-
latonin when combined with other anti
ulcer drugs like omeprazole has ben-
eficial effects as it accelerates the
healing effects of omeprazole and
shortens the duration of treatment.
Therefore melatonin reduces the side
effects and increases the efficacy of
omeprazole. Previousely, Sener-
Muratoglu et al. (56) compared the
antiulcer and gastroduodenal protec-
tive mechanism of famotidine, omep-
razole and melatonin and their results
revealed that the three drugs have
gastroduodenal protective action but
famotidine and omeprazole have low-
ering effects on gastric acidity (anti-
secrotory activity) whereas melatonin
has no effect on this parameter but
famotidine and omeprazole were not
effecient as antioxidant as melatonin.
In addition, Bandyopadhyay et al. (38)
stated that melatonin prevented gas-
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tric damage and when compared with
already marketed anti-ulcer drugs
such as ranitidine and omeprazole,
melatonin was found to be more
effective than ranitidine but less ef-
fective than omeprazole in prevent-
ing stress ulcer. They also demon-
strated that co-treatment of GERD
with melatonin at low dose syner-
gistically increases the efficacy of
omeprazole in preventing stress in-
duced lesion. This may be important
as giving omeprazole at lower doses
would reduce the severity of their
side effects.

CONCLUSION

1- Melatonin has a protective effect
on GERD as it is anti-oxidant, and
free radical scavenger. Moreover,
it inhibits gastric acid secretion,
and increases NO and PGE2
which in turn increase esophageal
blood flow, thus decreasing the
esophageal damage score. How-
ever, it is less effective than omep-
razole.

2- Omeprazole has a protective ef-
fect on GERD not only because of
its inhibitory effect on gastric acid
secretion, but also because of its

anti-oxidant, and free radical
scavenging actions. Its action is
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not affected by indomethacin.

3- Combination of melatonin and
omeprazole is preferable as melat-
onin accelerates the healing effect
of omeprazole and therefore short-
ens the duration of treatment and
minimizes its side effects. Also,
the combined treatment is more
effective in anti-oxidant, and free
radical scavenging actions as well
as inhibition of gastric acid secre-
tion than melatonin or omeprazole
alone.
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