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Abstract

Background and Aim: Antioxidant capacity of betaine has been indicated in our recent studies. Thus, we
examined oral betaine as an antioxidant agent in combination with antisecretory drugs to prevent indomethacin-
induced gastric damages in rats.

Materials and Methods: Fifty-six adult male Sprague—Dawley rats were divided into two controls (negative
and normal) and five experimental groups as follows: betaine-indomethacin (Bet.-Ind.), ascorbic acid-
indomethacin (Asc.-Ind.), omeprazole-indomethacin (Ome.-Ind.), betaine-omeprazole plus indomethacin (Bet.-
Ome.-Ind.) and betaine-ranitidine plus indomethacin (Bet.-Ran.-Ind.).

Results: The betaine pretreated groups received betaine at a dosage of 1.5% (w/w) in their diet, whereas 50
mg/kg of ascorbic acid was administered orally to the Asc.-Ind., group for 15 consecutive days. After a 24 hour
fast, all the groups received 48 mg/kg of indomethacin once except for normal control group. The omeprazole
and ranitidine groups also received one dose of omeprazole (10 mg/kg) and ranitidine (50 mg/kg), 120 minutes
before receiving indomethacin. Histopathological findings indicated the gastroprotective effects of betaine and
ranitidine in pretreated rats. Pretreatment by betaine and ranitidine increased significantly the ulcer index
inhibition (%), in comparison with ascorbic acid and omeprazole (alone) treatment. Glutathione peroxidase
(GPx) activity was significantly higher in the Bet.-Ran.-Ind., group as compared to the Asc.-Ind., and Ome.-
Ind., treated rats. GPx activity also increased significantly in Bet.-Ind., treated rats as compared to the Asc.-Ind.
group. Catalase (CAT) activity was remarkably higher in the Bet.-Ran.-Ind., treated rats than the Asc.-Ind., and
Ome.-Ind., groups. TBARS concentration as a lipid peroxidation marker increased significantly in Ome.-Ind.,
group as compared to the Bet.-Ind., and Bet.-Ran.-Ind., treated rats.

Conclusion: Thus, it seems that betaine as an antioxidant agent, is able to improve the effects of ranitidine and
omeprazole against indomethacin-mediated gastric damages in rats. It may also be promising in the prevention
of NSAIDs side effects.
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Introduction

It is widely accepted that gastric ulcer is one of the
most common gastrointestinal tract diseases (1, 2).
Gastric ulcer results from an imbalance between the
pro-oxidant and the antioxidant systems in favor of
the former in the stomach (1, 3). Gastric cell and
tissue injury associated with acute and chronic
inflammation are due to the toxicity of reactive
oxygen species (ROS) generated in the stomach (1, 4,
5). The two major etiological factors leading to
gastric ulcer are Helicobacter pylori infection and
non steroidal anti-inflammatory drugs (NSAIDs)
consumption (2). The role of oxygen derived free
radicals in the development of pathogenesis in acute
experimental gastric lesions induced by NSAIDs
such as indomethacin is well known (3, 6-11). In this
sense, indomethacin has been indicated as an
oxidative agent in the previous studies (2, 12). The
involvement of ROS is well established in the
pathogenesis of mucosal damage caused by
indomethacin, ethanol and other agents beside the
inhibition of cyclooxygenase (COX) enzymes (6, 13-
18). In this regard, indomethacin inhibits the
synthesis of cytoprotective prostaglandins, produced
by COX-1 and COX-2 in the stomach tissue (6, 16,
19). Therefore, indomethacin acts as an oxidative
inducing agent and contributes to the development of
ulcers.

The recent protocols to control gastric damages
include the inhibition of gastric acid secretion,
promotion of gastro protection, blocking of apoptosis
and stimulation of epithelial cell proliferation for
effective healing (2, 20). In this regard, the
antisecretory drugs such as omeprazole and
lansoprazole, and histamine H2-receptor blockers
such as ranitidine are extensively used to control
increased acid secretion and other related disorders
caused by stress, NSAIDs and H. pylori (2).
Omeprazole and lansoprazole as proton pump
inhibitors are commonly used for the therapeutic
control of acid-related disorders including
gastroesophageal reflux and peptic-ulcer disease (12,
21-24). Omeprazole inhibits acid secretion by
irreversibly interacting with the H+-K+-ATPase, the
terminal proton pump of the parietal cell in the
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stomach (12, 25, 26). Although omeprazole is believed
to offer its antiulcer activity through acid suppression
(12, 21, 24) by inactivating the H+-K+-ATPase (24-
27), very little is known regarding its antioxidant
effects against oxidative damage and apoptotic cell
death of the gastric mucosa during ulceration.

It was reported that betaine ameliorated oxidative
stress in the stomach of ethanol-induced rats (28).
Moreover, based on our reports betaine is a vital
antioxidant agent (6, 29-32). However, little is known
about gastroprotection effects of betaine prior
treatment with omeprazole and ranitidine against
gastric damages in the literature. Hence, the aim of the
present study was to evaluate the protective effects of
betaine concomitant with ranitidine and omeprazole
against indomethacin-induced gastric ulcer with
respect to changes in the ulcer index inhibition,
antioxidant enzyme activities, lipid peroxidation level
and histopathological findings in rats.

Materials and Methods

Betaine (Betafin® 96 %) was obtained from Biochem
(Lohne, Germany). Thiobarbituric acid (TBA) was
prepared from Merck Chemical Company (KGaA,
Darmstadt, Germany). The GPx kit was obtained from
Randox® Company (Antrim, UK). Ranitidine and
omeprazole were prepared by Chemidarou®
Pharmaceutical Company (Tehran, Iran). Ranitidine
and omeprazole were dissolved in distilled water
before administration. Other chemicals used were of
analytical grade.

Animals

A total of fifty-six adult male Sprague—Dawley rats
(weighing 200+20 g, supplied from Ahvaz University
of Medical Sciences, Animal House Center, Iran) were
housed in temperature-controlled conditions under a
12:12-h light/dark photocycle with food and tap water
supplied ad libitum. The rats were treated humanely
and in compliance with the recommendations of
Animal Care Committee for the Lorestan University of
Medical Sciences with approval number 5532. All of
the experimental procedures were carried out from
8.00 am to 2.00 pm and all of the treatments were
applied orally by gavage.
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Experimental design

The rats were divided into two controls: negative
control and normal control as well as five
experimental groups (8 rats per group). The
experimental groups were as follows: betaine plus
indomethacin  (Bet.-Ind.), ascorbic acid plus
indomethacin (Asc.-Ind.), used because ascorbic acid
is a well-known antioxidant agent, omeprazole plus
indomethacin (Ome.-Ind.), betaine-omeprazole plus
indomethacin (Bet.-Ome.-Ind.) and betaine-ranitidine
plus indomethacin (Bet.-Ran.-Ind.). The control
groups received 0.5 ml of normal saline daily, while
the Asc.-Ind., group received 50 mg/kg BW of
ascorbic acid orally for 15 consecutive days. The
betaine pretreated groups (Bet.-Ind., Bet.-Ome.-Ind.,
and Bet.-Ran.-Ind.) received betaine at a dosage of
1.5% (w/w) in their diet for 15 consecutive days. All
of the groups were kept fasting for 24 hours but had
free access to water. Thereafter, indomethacin (48
mg/kg BW as orally) was then given to all groups by
gavage except for the normal control group. The
Ome.-Ind, Bet.-Ome.-Ind., and Bet.-Ran.-Ind.,
groups also received one dose of omeprazole (10
mg/lkg BW) and ranitidine (50 mg/kg BW), 120
minutes, before the administration of indomethacin,
respectively. Four hours after indomethacin
administration, all of the groups were sacrificed upon
light diethyl ether anesthesia (Dagenham, UK) by
decapitation. Doses of indomethacin, ascorbic acid
and omeprazole were determined according to the
recent studies (12, 33), but those of betaine and
ranitidine were determined based on our previous
works (6, 29-32). The stomachs were removed,
inflated by injecting 2 ml of normal saline and
opened along a greater curvature. They were gently
rinsed with normal saline to remove gastric content
and blood clots before scanning. The ulcer index
((Ul= (ulcerated area (mm?/total stomach area
(mm?)) x100)), was determined by a digital camera
(Panasonic  WV-GP240/G, Suzhon, China), and
measured according to the method previously
described (34). Thereafter, ulcer index inhibition (%
inhibition = (1— (Ul pretreatment/Ul non-
pretreatment) x100)), was evaluated based on the
pretreatment by betaine, ascorbic acid, omeprazole,
and ranitidine versus negative control group (Fig. 2).
The gastric tissues were removed for biochemical
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and histopathology analysis from the antral portion of
the stomachs. The segments for biochemical analysis
were stored at —70°C up to two months for the
determination of antioxidant status and lipid
peroxidation.

Histopathological Assessment

The gastric samples of the experimental groups were
processed routinely for paraffin embedding. The
sections were cut at 5 um thicknesses and stained by
hematoxylin and eosin. They were then viewed under
a light microscope to detect eventual histopathological
changes including epithelial surface necrosis, pit
cellular necrosis and glandular region necrosis. The
damages varied from surface extended to glandular
region. They were scored using a 0.0 through 3
grading systems as follows: 0.0=no lesion; <1=mild,;
1-<2=moderate, 2-3=severe. The semiquantitative
evaluation of gastric damages were stated in the Table
1 and shown in Figure 1.

Tissue preparation for biochemical analysis

The samples were thawed and manually homogenized
in a cold phosphate buffer (0.1 M, pH 7.4, containing
5 mM EDTA) on liquid nitrogen (1), and debris was
removed by centrifugation at 400 g for 5 minutes
(Centrifuge 5415 R; Rotofix 32A, Germany). The
supernatants were recovered and used for protein
measurement, antioxidant enzymes activities and
TBARS concentration. The protein content of tissue
homogenates was determined using a colorimetric
method of Lowry with bovine serum albumin as a
standard (35).

Measurement of GPx activity

The activity of glutathione peroxidase (GPx) was
evaluated with Randox® GPx detection kit according
to the manufacturer’s instructions as described
previously (1). GPx catalyzed the oxidation of
glutathione (GSH) by cumene hydroperoxide. In the
presence of glutathione reductase (GR) and NADPH,
the oxidized glutathione (GSSG) was immediately
converted to the reduced form with a concomitant
oxidation of NADPH to NADP®. The decrease in
absorbance was measured spectrophotometrically
(S2000 UV model; WPA, Cambridge, UK) against
blank at 340 nm. One unit (U) of GPx was defined as |
pmol of oxidized NADPH per min per milligram of
tissue protein. The GPx activity was expressed as units
per milligram of tissue protein (U/mg protein).
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Measurement of CAT activity

The catalase activity in tissue was assayed using the
method described by Claiborne (36), as referred to
previously (1). The reaction mixture (1 ml) consisted
of 50 mM potassium phosphate (pH 7.0), 19 mM
H,0,, and a 20-50 pl sample. The reaction was
initiated by the addition of H,0, and then absorbance
changes were measured at 240 nm (25°C) for 30 s.
The molar extinction coefficient for H,O, was 43.6
M™.cm™. The CAT activity was expressed as the unit
that is defined as pmol of H,0, consumed per min
per milligram of tissue protein (U/mg protein).
Measurement of lipid peroxidation

The amount of lipid peroxidation was indicated by
the content of thiobarbituric acid reactive substances
(TBARS) in the stomach. Tissue TBARS was
determined by following the production of
thiobarbituric acid reactive substances as described
previously (1, 37). In short, 40 ul of homogenate was
added to 40 pl of 0.9% NaCl and 40 pl of deionized
H,0, resulting in a total reaction volume of 120 pl.
The reaction was incubated at 37° C for 20 minutes
and stopped by the addition of 600 ul of cold 0.8 M
hydrochloride acid, containing 12.5% trichloroacetic
acid. Following the addition of 780 ul of 1% TBA,
the reaction was boiled for 20 minutes and then
cooled at 4° C for 1 hour. In order to measure the
amount of TBARS produced by the homogenate, the
cooled reaction was spun at 1500 g in a
microcentrifuge for 20 minutes and the absorbance of
the supernatant was read at 532 nm, using an
extinction coefficient of 1.56x10° M™cm™. The
blanks for all of the TBARS assays contained an
additional 40 pl of 0.9% NaCl instead of homogenate
as just described. TBARS results were expressed as
nanomole per milligram of tissue protein (nmol/mg
protein).

Statistical analysis

The statistical differences were applied among the
pretreated groups by one-way analysis of variance
(ANOVA) via Tukey's post hoc analysis. All results
were presented as meant (S.E.M.). Moreover, a
calculated P value of less than 0.05 was considered
statistically significant. Statistical analysis was
performed using the statistical package of GraphPad
PRISM version 5 (Graphpad Software Inc., San
Diego, CA, USA). Previously, all variables were
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tested for normal and homogeneous variances by
Leven's statistic test.

Results and Discussion

Regarding the indomethacin-induced effects in the
stomach wall, administration of indomethacin to rats
produced visible gastric ulcers among the rats in
negative control group, which were localized in the
portion of the stomach secreting acid and pepsin
(corpus part). Fasting could induce only gastric
erosion in normal control group and ulcer was not
observed in the stomach wall following fasting. In the
pretreated rats, epithelial surface necrosis decreased
significantly in the Bet.-Ind., and Bet.-Ran.-Ind.,
treated rats as compared to the Asc.-Ind., Ome.-Ind.,
and Bet.-Ome.-Ind., groups. Betaine plus omeprazole
could decrease pit cellular necrosis in the Bet.-Ome.-
Ind., group as compared to the Bet.-Ind., Asc.-Ind.,
Ome.-Ind., and Bet.-Ran.-Ind treated rats. Betaine
pretreatment in Bet.-Ome.-Ind., and Bet.-Ran.-Ind.,
groups indicated a preventive effect on glandular
necrosis in comparison with Bet.-Ind., Asc.-Ind., and
Ome.-Ind., groups (Table 1). The histopathological
findings of the experimental groups also confirmed the
gastroprotective effects of betaine concomitant with
antisecretory drugs (omeprazole and ranitidine) in rats
(Figure 1).

In the experimental groups, it was observed that
pretreatment by betaine and betaine plus ranitidine
significantly increased the ulcer index inhibition (%),
in comparison with the Asc.-Ind., Ome.-Ind., and Bet.-
Ome.-Ind., groups (P < 0.05). Although the Bet.-
Ome.-Ind., group indicated lower ulcer index
inhibition (%) in comparison with the Bet.-Ran.-Ind.
treated rats, the difference was not significant (p >
0.05; Figure 2).

GPx activity was significantly lower in the Asc.-Ind.,
group compared to the Bet.-Ind., treated rats (P <0.05).
In contrast, GPx activity was significantly higher in
the Bet.-Ran.-Ind., group as compared to the Asc.-Ind.,
Ome.-Ind., and the Bet.-Ome.-Ind., treated rats (p <
0.05). Indeed, when ranitidine (as an antisecretory
drug) was administered in combination with betaine, it
could increase significantly the activity of GPx in
comparison with ascorbic acid, omeprazole and even
betaine plus omeprazole treatments (Figure 3). CAT
activity rose significantly in the Bet.-Ran.-Ind., group
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Figure 1. Negative control: Deep erosion penetrates
through the stomach wall in the center (astrisk) and right
side of the lesion (arrows). The extension of coagulative
necrosis occurs through the whole thickness of the gastric
mucosae but it does not breach the muscularis layer. In the
left side of ulcer, the gastric epithelium is slightly intact
(blank arrow). HE x 40. Betaine-Indometacin: erosion of
gastric mucosa is produced by the necrosis of superficial
parts of epithelium but is not extend beyond the glandular
tissue (astrisk). HE x 100. Ascorbic acid-Indometacin: deep
erosion of gastric mucosae (arrows). This lesion is very
similar to negative control, however it might be a slightly
distorted viable gland (blank arrow). HE x 100.
Omeprazole-Indometacin: the necrosis is extended to
superficial parts of glandulr tissue (arrows). Moreover,
beneath the necrotic tissue, the viable glands are deeply
basophilic. HE x 40. Betaine-Omeprazole-Indometacin:
dispense of normal glandular structures. The destructive
process is fairly similar to Ome-Ind, in which intensive
necrosis is limited at superficial regions (arrows). HE x 40.
Betaine-Ranitidine-Indometacin:  mild to  moderate
detachment of superficial layer of epithelium (arrows). In the
right-bottom the mucosa is completely unchanged (dot
arrow). HE x 100. Bet.; Betaine, Ind.; Indomethacin, Asc.;
Ascorbic acid, Ome.; Omeprazole and Ran.; Ranitidine.

as compared to the Asc.-Ind., and the Ome.-Ind.,
treated rats (p < 0.05, Figure 4).

Treatment of rats with omeprazole (alone) increased
significantly the lipid peroxidation marker (TBARS
concentration) in the gastric tissue as compared to the
Bet.-Ind., and Bet.-Ran.-Ind., groups (p < 0.05).
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Figure 2. Comparison of ulcer index inhibition among the
pretreated groups (Ulcer index inhibition was determined based
on the pretreatment by betaine, ascorbic acid, omeprazole and
ranitidine in comparison with negative control group which
received only indomethacin). Values represent meant SEM of
ulcer index inhibition (%).*Asterisk indicates statistically
difference between groups (One-way ANOVA followed by
Tukey's post hoc test; p < 0.05). Bet; Betaine, Ind.;
Indomethacin, Asc.; Ascorbic acid, Ome.; Omeprazole and Ran.;
Ranitidine.

Pretreatment by betaine and betaine plus ranitidine
could suppress TBARS concentration (p < 0.05,
Figure 5).

Discussion

During the past decade, administration of betaine has
been exerted as an antioxidant agent in oxidative
stress-induced  models (6, 29-32).  Betaine
(trimethylglycine) has been used in the form of an
antioxidant and an osmolyte as a dietary feed
supplement in animal nutrition (38) to protect cells,
proteins and enzymes from environmental stress (39)
with a wide range of oral doses (20). Betaine is also
believed to play a significant role in maintaining the
structural and functional integrity of cell membranes
(6). In the present study, the administration of
indomethacin to fasted rats resulted in severe gastric
hemorrhage in negative control group as compared to
normal rats. Whereas, pretreatment by betaine
increased significantly the index inhibition of gastric
ulcers (%) in betaine group and betaine plus ranitidine-
treated rats. Ranitidine is widely known as an
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Figure 3. Comparison of glutathione peroxidase (GPx) activity
among the pretreated groups. Values represent meant SEM of
enzyme activity (unit/mg protein of gastric tissue). *Asterisk
indicates statistically difference between groups (One-way
ANOVA followed by Tukey's post hoc test; p < 0.05). Bet.;
Betaine, Ind.; Indomethacin, Asc.; Ascorbic acid, Ome.;
Omeprazole and Ran.; Ranitidine.

antisecretory drug and is frequently used as a
reference drug in experimental studies of gastric
damages and in clinical practice as well (1, 40).
Hence, it seems that betaine as an antioxidant agent
may be beneficial in preventing direct mucosal cell
damage, whereas ranitidine can be useful as an
antisecretory drug for the prevention of HCI
secretion in the stomach wall (1, 16). These results
are in agreement with our recent study in which
oleuropein (as antioxidant agent) in combination with
ranitidine could prevent gastric ulcer in rats (1).

In the experimental animal models, the role of acid in
gastric lesions has been studied using stress or
nonsteroidal anti-inflammatory drugs (NSAIDs)
consumption  (12). Increased production  of
hydrochloric acid in the ulcerated condition might be
a consequence of increased permeability of the
mucosa, which is an important process in the
development of ulcer (1, 2). The previous report
confirmed that NSAID consumption could raise
gastric acidity (2). Although omeprazole, the primary
member of the proton pomp inhibitors, has been used
extensively to control gastric disorders (12, 21),
omeprazole neither  stimulates  prostaglandin
biosynthesis nor increases bicarbonate secretion to
offer gastroprotection. Thus, omeprazole may exert
its antiulcer activity through some other mechanism
such as antioxidant activity. This ability was
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Figure 4. Comparison of catalase (CAT) activity among the

pretreated groups. Values represent meant SEM of enzyme

activity (unit/mg protein of gastric tissue). *Asterisk indicates

statistically difference between groups (One-way ANOVA
followed by Tukey's post hoc test; P <0.05). Bet.; Betaine, Ind.;

Indomethacin, Asc.; Ascorbic acid, Ome.; Omeprazole and Ran.;
Ranitidine.
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Figure 5. Comparison of the concentration of thiobarbituric
acid reactive substances (TBARS) among the pretreated groups.
Values represent meant SEM of TBARS (nanomoles per
milligram protein of gastric tissue). *Asterisk indicates
statistically difference between groups (One-way ANOVA
followed by Tukey's post hoc test; P <0.05). Bet.; Betaine, Ind.;
Indomethacin, Asc.; Ascorbic acid, Ome.; Omeprazole and Ran.;
Ranitidine.

confirmed by a previous report (12). Herein,
omeprazole partially offered gastroprotection through
a mechanism other than acid inhibition. This was
further substantiated by the finding that ulcer index
inhibition in Ome.-Ind., treated rats was similar to the
pretreated rats in terms of ascorbic acid as a reference
antioxidant agent. However, lesions developed when
omeprazole (alone) was administrated prior to

indomethacin. Our results indicated that omeprazole
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Table 1: The effects of betaine, ascorbic acid, omeprazole and ranitidine on semiquantitative histopathological findings of the

indomethacin-induced gastric lesions in rats.

lesions Bet.-Ind. Asc.-Ind. Ome.-Ind. Bet.-Ome.-Ind. Bet.-Ran.-Ind.
Epithelial surface necrosis 1.60° 250 2.25 2.25 0.75°
Pit cellular necrosis 1.20 2.66 1.25 0.50° 1.00
Glandular necrosis 0.80 1.16 1.00 0.00° 0.00°

The damages were from surface extended to glandular region and scored using a 0.0 through 3 grading system. 0.0 =no lesion; <1=mild; 1-

<2=moderate, 2-3=severe.

# Epithelial surface necrosis was significantly less in the Bet.-Ind. and Bet.-Ran.-Ind. treated rats as compared to the Asc.-Ind., Ome.-Ind., and Bet.-

Ome.-Ind., groups.

® The Bet.-Ome.-Ind., group could decrease the effects of indomethacin in case of pit cellular necrosis in comparison with Bet.-Ind., Asc.-Ind.,

Ome.-Ind.. and Bet.-Ran.-Ind., treated rats.

¢ Glandular necrosis was not observed in Bet.-Ome.-Ind., and Bet.-Ran.-Ind., groups in contrast to the Bet.-Ind., Asc.-Ind., and Ome.-Ind., groups.
Bet.; Betaine, Ind., Indomethacin, Asc., Ascorbic acid, Ome., Omeprazole and Ran., Ranitidine.

was less effective in preventing gastric damages
induced by an oxidative agent such as indomethacin.
This result was further confirmed by an elevation of
lipid peroxidation and a reduction in antioxidant
enzyme activities as well as histopathology findings
in omeprazole (alone) pretreated rats.

It is widely accepted that lipid peroxidation is a
mechanism of cellular injury (1, 6, 34, 40). Thus, we
measured the TBARS concentration as an indicator
of lipid peroxidation in gastric wall. Our results
showed that there was a significant increase in the
lipid peroxidation level in Ome.-Ind., treated rats. In
contrast, significant decreases in the TBARS
concentration were observed after the administration
of betaine and ranitidine in Bet.-Ind., and Bet.-Ran.-
Ind., groups. Hence, being pretreated by omeprazole
could not prevent lipid peroxidation adequately.
Interestingly, Asc.-Ind treated rats showed lower
TBARS concentration in comparison with Ome.-Ind.,
group. In this regard, we know that vitamin C is
essential for collagen biosynthesis. Ascorbate is a
cofactor for pyrolyl and lysyl hydroxylases, the
enzymes responsible for stabilizing and cross-linking
collagen in connective tissue of stomach. Vitamin C
also influences collagen synthesis independently of
hydroxylation by activating collagen transcription
factor and stabilizing procollagen messenger
(mRNA) (33). Moreover, the antioxidant capacity of
vitamin C is widely accepted. It could suppress lipid
peroxidation induced by indomethacin. Therefore,
the collagen synthesis and antioxidant capacity in the
rats pretreated by vitamin C could both partially
increase ulcer index inhibition and decrease lipid
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peroxidation in the stomach wall of rats.

As previously mentioned, oxidative damage and
apoptotic cell death play significant roles in the loss of
gastric mucosal integrity caused by various ulcerogens
(1, 7, 12). Indeed, ulcers develop when oxidative
damage and apoptosis predominate over the healing
process by cell proliferation (1, 12). Based on the
results, oral administration of betaine prior to
indomethacin administration attenuated hemorrhage
and increased ulcer index inhibition as compared to
the negative control group, which received
indomethacin alone. Betaine is widely known as an
antioxidant agent. Moreover, betaine, through its
participation in sequential methylation within the
cellular membranes, maintains a proper balance
between phosphotidyl ethanolamine and phosphotidyl
choline, thus sustaining proper membranes (6, 30-32,
38). Therefore, betaine could protect stomach wall in
pretreated rats. Furthermore, there was a significant
increase in the ulcer index inhibition in these groups as
compared to the no betaine pretreated rats.

Gastric ulcer is an oxidative state wherein acid and
pepsin contribute to the development of this condition.
Therefore, antioxidant enzyme activities and lipid
peroxidation explain the gastric oxidative-antioxidant
imbalance (1). All cells are able to defend themselves
against the harmful effects of oxygen free radicals
through their own antioxidant mechanisms, including
enzymatic and non-enzymatic antioxidant systems.
GPx and CAT are two key antioxidant enzymes that
can decompose hydrogen peroxide to water (6). SOD,
another antioxidant enzyme in cells, rapidly converts
superoxide anion (O2-) to less dangerous hydrogen
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peroxide (H202). Thereafter, GPx and CAT can
decompose H202 to water. Although, H202 is not a
particularly reactive product, it may be reduced to
highly reactive metabolites hydroxyl radicals and/or
single oxygen (1). Herein, betaine caused significant
increases in the activities of antioxidant enzymes
(GPx and CAT) for both Bet.-Ind., and Bet.-Ran.-
Ind., groups in comparison with Ome.-Ind., Asc.-
Ind., and Bet.-Ome.-Ind., groups. On the other hand,
betaine could enhance the antioxidant status system
of gastric wall via its antioxidant effects. Moreover,
gastric defense was not depleted in the betaine and
betaine-ranitidine treated rats. Our data suggest that
betaine and ranitidine prevented the oxidative effects
of indomethacin and preserved the cellular
antioxidant stores. These effects of betaine and
ranitidine result from their capacities to scavenge
ROS and to block acid secretion, respectively (1, 6,
31).

Conclusion

In conclusion, we observed valuable effects of
betaine prior treatment by antisecretory drugs such as
omeprazole and ranitidine. Although betaine could
prevent oxidative effects of indomethacin principally
in combination with ranitidine, it will be interesting
to examine its biological effects in further studies.
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