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Abstract

Neutrophil infiltrations and free radical mediated processes have been reported to delay
gastric ulcer healing in ethanol-induced gastric ulcer. This study investigated the potential of
the methanol extract of Gomphrena celosioides (MEGC) leaves in the healing of ethanol-
induced gastric ulcer in male Wistar rats. Thirty-six rats were divided into six groups of six rats
each and treated orally. Group 1 rats served as control group and received 1 ml/kg body weight
of 1% gum acacia solution; groups’ 2-6 rats were given acidified ethanol to induce gastric ulcer.
Groups 3, 4 and 5 rats were treated with 200, 400 and 800 mg/kg body weight of MEGC leaves
while group 6 rats were treated with 50 mg/kg body weight of cimetidine (CIM) for fourteen
days after ulcer induction. Ulcerogenic parameters, inflammatory markers and the levels of
lipid peroxidation and protein carbonyl were determined.

Acidified ethanol caused severe gastric mucosa damage as revealed by the ulcerogenic
parameters with increased activities and concentration of the inflammatory markers and
concomitant increase in the levels of lipid peroxidation and protein carbonyl in the ulcerated
untreated group, but healing were accompanied by a significant decrease in these
observations with different doses of MEGC or CIM for 14-days. MEGC significantly heal the
ulcer with percentage ulcer healing of 34.79%, 39.63%, and 53.81% for different at doses and
CIM 58.49% respectively. Our findings thus revealed that administration of MEGC leaves
promote gastric ulcer healing by suppressing the inflammatory markers could be relevant in
the pathologies involving gastrointestinal disorder.
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I.INTRODUCTION

Oral administration of ethanol has been reported to
be associated with delayed gastric ulcer healing in
rats as a result of oxidative stress due to continuous
generation of reactive oxygen species (ROS) [1].
Studies have also shown that ROS initiate
inflammatory process in ethanol-induced gastric
ulcer development with recruitment and metabolic
activation of neutrophils and macrophages, releasing
pro-inflammatory cytokines (TNF-a and IL-1B) [2,3].
Mounting evidences have also indicated that pro-
inflammatory cytokines, oxidative stress and
apoptosis play crucial roles in pathogenesis [4] and
healing of gastric ulcer. Activation of neutrophils is
associated with an upregulated inflammatory
response with increased gastric expression of
nuclear factor kappa B (NF-kB) which controls the
generation of pro-inflammatory cytokines (TNF-a
and IL-1B) [3,5]. These events delay gastric ulcer
healing. Inflammation is a local complicated vascular
and cellular reaction of an individual to an
injury/irritant in an attempt to minimize the effect of
the irritant orinjury and heal the damaged tissue and
restore the affected animal to normal health

Ulcer healing is a complex process, in which the
tissue repairs itself after injury, attempting a
restitution towards integrity. It has been proposed
that such a process can be distinguished in
sequential, partly overlapping, phases: hemostasis,
inflammation, proliferation and remodeling [6].
Medicinal plants are herbal preparations produced
by subjecting plant materials to extraction,
fractionation, purification, and other physical or
biological processes, which may be produced for
immediate consumption or as a basis of herbal drugs
[7]. The therapeutic properties of medicinal plants
are conditioned by the presence in their organs of
active substances, such as alkaloids, flavonoids,
glycosides, vitamins, tannins, and coumarin
compounds, which physiologically affect the bodies
of humans and animals. Aromatic plants are a source
of fragrances, flavors, cosmeceuticals, health
beverages and chemical terpenes [8]. With the onset
of scientific research in medicinal herbs, it is
becoming clearer that medicinal herbs have the
potential in today's synthetic era as numbers of
phytochemical constituents of medicine plants are
used as template for developing new drugs [9].
Gomphrena celosioides (GC) also commonly called
Soft khaki weed or White-eye is a short-lived
perennial plant [10]. It belongs to the
Amaranthaceae family, and over 120 species of the
family are found in America, Australia and Indo-
Malaysia, while 46 species occur in Brazil. Few
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species occur in the East and West of Africa [11].
Gomphrena celosioides is used in ethnomedicinal
practice in Nigeria for treatment of various skin
diseases, bronchial infection, diarrhea and has been
reported to possess antifungal, antibacterial, anti-
inflammatory, analgesic and anthelmintic activity
[13,14,15,16]. In South America the plant is utilized
as an abortifacient [17].

The phytochemical constituents include alkaloids,
saponins, steroids, amino acids, glycosides, non-
reducing sugars, phenols, and flavonoids [12,18,19].

MATERIALS AND METHODS

Plant material

Gomphrena celosioides (G. celosioides) leaves were
obtained from Iwo, Osun state, identified and
authenticated at the Botany Department of Bowen
University, Iwo, Nigeria with the voucher specimen
(BUH-097) deposited at the University herbarium.
Preparation of Gomphrena celosioides Leaf Extract
Gomphrena celosioides leaves were picked, air dried
at room temperature and pulverized into coarse
powders. 1000 g of the pulverized leaves of the plant
were then subjected to maceration extraction using
5 liters of methanol (99%) with intermittent shaking
for 72 hours. The mixture was filtered, and the
filtrate evaporated to dryness using rotatory
evaporator under reduced pressure at 45°C to obtain
a solid mass of Gomphrena celosioides referred to as
MEGC used in this study.

Experimental Animal

Forty-eight adult male Wistar rats weighing (150 + 20
g) were purchased from the Central Animal House,
Faculty of Basic Medical Science, College of
Medicine, University of Ibadan, Ibadan, Nigeria.
Animals were kept in a temperature-controlled room
(25 £ 2°C) with 12 h light and 12 h dark cycle. The rats
were kept under standard laboratory conditions and
were fed with standard rat's pellet (Ladokun Feeds,
Nigeria) with freshwater ad libitum. They were
acclimatized for 14 days, after which they were
randomly divided into 6 groups. All procedures in this
study conformed to the guiding principles for
research involving animals as recommended by the
Declaration of Helsinki and the Guiding principles in
the care and use of animals [20] and as approved by
the Research Ethical Committee, Bowen University
Iwo, Osun State, Nigeria. The “Principle of Laboratory
Animal Care” (NIH publication No. 85-23) guidelines
and procedures were considered in this study (NIH
publication revised, 1985) [21]. The rats were
deprived of food for 24 hours but had free access to
clean water prior to the commencement of the
experiment.
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Ulcer model and experimental design.

Cimetidine (CIM) obtained from the pharmacy of
Bowen University Iwo, Osun State was used as a
reference anti-ulcer drug. The drug the extract was
dissolved in a 1% w/v solution of gum acacia and
administered orally using feeding tube.

The experiments were conducted using a slight
modification of a previously reported protocol [22].
Gastric ulcer was induced using acidified ethanol
containing 0.15N HCl in 70% v/v ethanol (HCI/EtOH).
Forty-eight healthy adult male Wistar rats were
randomly divided into 6 groups of 8 rats per group.
Rats in group 1 served as the control group and
received 1 ml/kg body weight of 1% gum acacia
solution, rats in groups 2-6 were given 1 ml/kg body
weight of acidified ethanol according to their body
weights to induce gastric ulcer. Rats in groups 3, 4,
and 5 were post-treated four hours after ulcer
induction for fourteen days with 200 mg/kg, 400
mg/kg and 800 mg/kg body weight of MEGC and rats
in group 6 were also post treated for fourteen days
with 50 mg/kg body weight of CIM. Twenty-four hour
after the last dose of MEGC or CIM, all rats were
anaesthetized with ketamine (80 mg/kg) and xylazine
(10 mg/kg) and sacrificed by cervical dislocation. The
selected dose of MEGC was based on preliminary
experiments

Isolation of stomach and gastric juice collection
After all the rats were sacrificed, the stomach of each
rat was excised, rinsed with cold saline to remove
blood clots and opened along the greater curvature
and the gastric content from each rat was collected
separately into centrifuge tubes, the stomach of each
rat was then washed with sterile distilled water and
blotted dry. Each stomach was examined to locate
the lesion using 2x hand lens. Section of the stomach
of each rat was cut and preserved for histological
assessment.

Evaluation of Gastric tissue damage

Stomachs were opened along greater curvature,
rinsed in normal saline and examined using
magnifying lens (Hi-Tech Zone, Ningbo, Zhejiang,
China). The degree of gastric damage was scored
according to [23] as follows; normal colored stomach
= 0; red coloration = 0.5; spot ulcer = 1; hemorrhagic
streak = 1.5; deep ulcers = 2; perforation = 3. The
overall total scores divided by the number of rat in
each group was designated the ulcer index. The
percentage ulcer inhibition was calculated as
described by [24] using the formula:

Percentage ulcer inhibition (%Ul) = Control mean
ulcer index — test mean ulcer index)
(Control mean ulcer index) x100
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Measurement of Gastric pH, Gastric juice volume
and Acid output

The gastric contents of each rat were collected
separately and centrifuged (Heraeuslabofuge 400,
Heraeus, Germany) at 3000 rpm for 10 minutes. The
volume of the supernatant was measured precisely
and expressed as the volume of gastric juice (ml). The
pH of each supernatant was measured with a digital
pH meter [25] and acidities were determined by
metric titration using a 0.1 N NaOH solution and
phenolphthalein as indicator. Acid output for each
rat were calculated by the equation:

Acid output (uEg/hr) =
Acidity (mEqg/1) X Volume of gastric juice (ml)/4(hr)

Determination of gastric wall mucus secretion

The gastric wall mucus was determined according to
[26]. Segment glandular portion of stomach from
each was weighed and transferred immediately to 10
ml of 0.1% w/v Alcian blue solution (0.16 M sucrose
solution buffered with 0.5 ml of sodium acetate at pH
5). The tissue was kept in Alcian blue for 2 hours, and
the excess colour was eliminated by consecutively
rinsing it twice with 10 ml of 0.25 M sucrose. Dye
combined with gastric wall mucus was extracted with
10 ml of 0.5M magnesium chloride, which was
irregularly shaken for 1 minute at 30-minute interval
for 2 hours. Four millilitres of blue concentrate was
then shaken vigorously with an equivalent volume of
diethyl ether. The resulting emulsion was centrifuged
at 3000 xg for 10 minutes, and the absorbance of the
aqueous layer was recorded at 580 nm. The amount
of Alcian blue extracted for every gram of wet
glandular tissue was extrapolated from the standard
curve.

Gastric homogenate preparation.

The stomachs of all rats were collected immediately
after sacrifice separately and about 500 mg was cut
from each stomach for the preparation of a gastric
tissue homogenate [27]. Each stomach portion was
homogenized in phosphate buffer (pH 7.4) using a
Teflon homogenizer (Polytron, Heidolph RZR 1,
Germany), after which the homogenate was
centrifuged at 3,000 g for 15 minutes at 4 °C and the
supernatant collected for each rat was stored at -20
OC for the biochemical analyses.

Protein content determination

The protein content of the stomach supernatant was
determined following Folin Ciocalteu method [28].
The absorbance was read at 690 nm and the protein
content of each sample was calculated from a
standard curve.
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Assessment of Lipid peroxidation level

To estimate the degree of lipid peroxidation caused
by the acidified ethanol (HCI/EtOH), the MDA
contents of the stomach tissue supernatant were
determined by means of the thiobarbituric acid
(TBARS) assay, which was conducted according to the
method of [29]. Briefly, 1 ml of each supernatant was
treated with TCA/TBA/HCI (2 mL, 15% TCA, 0.375%
TBA, 0.25N HCI) containing 0.01% BHT, heated on a
boiling water bath for 15 min, cooled, and
centrifuged at 3000xg for 5min. The amount of
TBARS was calculated from the absorbance of the
supernatant at 535nm (¢ = 1.56 x 10°M™ cm™™).
Measurement of Glutathione (GSH) Level

The GSH level was determined according to the
method of [30]. Briefly, fundic stomach homogenate
was made in 0.2 M Tris, pH 8.2, containing 20 mM
EDTA and centrifuged. An aliquot of 1.0 ml of
homogenate  was  precipitated  with 10%
trichloroacetic acid and centrifuged. The supernatant
(1.0 ml) was added to 2.0 ml of 0.8 M Tris-HCI, pH 9.0,
containing 20 mM EDTA (28) and mixed with 0.1 ml
of 10 mM 5,5-dithiobis-2-nitrobenzoic acid. The
intense yellow color of nitromercaptobenzoate was
read at 412 nm. For calibration, a standard curve was
prepared treating varied concentrations of reduced
glutathione with 5,5-dithiobis-2-nitrobenzoic acid
under identical conditions and the values were
expressed as pg/mg protein.

Assessment of Serum Myeloperoxidase (MPO)
Myeloperoxidase activity was measured following
the method of [31]. The assay system was prepared
by mixing the homogenate with 50mM sodium
acetate buffer (pH 5.25), 30 uM TNB, and150 mM
NaCl. The reaction was initiated by the addition of 0.3
mM H20;, and the decrease in absorbance at 412 nm
due to oxidation of TNB (g = 27,000 M~ cm™?) was
measured for one min. The activity of the peroxidase
was expressed as n moles of TNB oxidized/min/mg
protein 13,000 Mt cm™.

Assessment of Nitric oxide level

Tissue nitrite (NO2') and nitrate (NOs™) were
estimated as an index of NO production. Nitric oxide
levels in the stomachs were determined according to
the method of [32]. One ml each of the supernatant
and Griess reagent (containing 0.1% N-(1-naphthyl)
ethylenediamine dihydrochloride, 1%
sulphanilamide in 2.5% phosphoric acid) were mixed
together and incubated for 10 minutes 37°C. The
absorbance was read spectrophotometrically at 540
nm. The nitrate and nitrite concentration in the
gastric tissues was quantitated in units of umol/g
tissue based on a nitrate standard curve plotted at
540 nm. Results were expressed as nmol/g tissue.
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Measurement of Protein Carbonyl Content (PCO)
Protein oxidation was measured as carbonyl content
in the supernatant of the fundic stomach
homogenate [33]. 1.0 ml of the supernatant were
precipitated with 10% trichloroacetic acid and
allowed to react with 0.5 ml of 10 mM 2,4-
dinitrophenylhydrazine for 1 h. After precipitation
with 20% trichloroacetic acid, the protein was
washed thrice with a mixture of ethanol-ethyl
acetate (1:1), dissolved in 1.0 ml of a solution
containing 6 M guanidine HCl in 20 mM potassium
phosphate adjusted to pH 2.3 with trifluroacetic acid
and centrifuged, and the supernatant was read for
carbonyl content at 362 nm (e = 22,000 M-! cm-1).
Determination of Xanthine Oxidase (XO) activity
Xanthine  oxidase activity was measured
spectrophotometrically by the formation of uric acid
from xanthine through the increase in absorbance at
293 nm, according to the method of [34]. Stomach
supernatant from each rat was incubated (50 ul) for
30 minutes at 37 °C in 2.85 mL of medium containing
phosphate buffer (pH7.5, 50 mM) and xanthine
(0.067mmol final concentration in each tubes). The
reaction was terminated by addition of 0.1 ml 100%
(w/v) TCA and the mixture was centrifuged at 5000 x
g for 15 min. The absorption at 293 nm of the
resultant clear supernatant was measured against
blank. One unit of activity was defined aslumol of
uric acid formed per minute at 37 °C, pH 7.5, and
expressed in U/g protein.

Histopathological Evaluation

Stomach sections from each rat of all the groups
were fixed in 10% buffered formalin, dehydrated in
graded alcohol and embedded in paraffin. Fine (4-5
pm) sections were obtained, stained with
hematoxylin-eosin (H & E) and slides were mounted
for observation under a light Olympus microscope
(BX41, Hamburg, Germany) and photographed using
a digital camera [35].

Statistical Analysis

Results were expressed as the mean + standard error
of the mean (SEM.). Statistical analysis was carried
out using Statistical package for Social Scientist (SPSS
version 18. 0, Chicago, IL, USA) comparisons were
conducted by one-way analysis of variance (ANOVA)
followed by Duncan’s multiple range test. Graph Pad
Prism (Graph Pad Software, San Diego, CA, USA) was
used to plot the graphs. Differences were considered
to be statistically significant when p<0.05.

Il. RESULTS

Figure 1 shows the influence of MEGC administration
on the healing of acidified ethanol-induced gastric
ulcers in rats. Oral administration of acidified ethanol
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severely caused gastric ulceration in rats as evident
in ulcer score and ulcer index (Figure 1A and 1B) of
rats given acidified ethanol alone. Treatments with
different dose of MEGC after ulcer induction at the
dose of 200, 400 and 800 mg/kg body weight
accelerated the healing of acidified ethanol-induced
gastric ulcer significantly (p < 0.05) in a dose
dependent manner when compared to the acidified
ethanol alone group. Also rats post treated with
cimetidine; the reference drug showed significant (p
< 0.05) level of healing.

Gastric juice volume (Figure 1C) of the acidified
ethanol alone group was high when compared to the
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normal control group, but post treatment with
different doses of MEGC significantly (p < 0.05)
decreased the gastric juice volume particularly at 400
mg/kg, and the reference drug, cimetidine also
decreased the gastric juice volume significantly (p <
0.05) when compared to the acidified ethanol alone
group. The pH of the acidified ethanol alone group
was decreased, but treatment with varying doses of
MEGC significantly (p < 0.05) increase the pH value
and the value compared favorably with the value of
the normal control group especially at 400 mg/kg.
Cimetidine also significantly (p < 0.05) increased the
pH value (Figure 1D).
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Figure 1: Effects of methanol extract of Gomphrena celosioides leaves on: (A) ulcer score; (B) ulcer index; (C)
gastric juice volume and (D) pH in acidified ethanol-induced gastric ulcer healing in rats, (n = 8, £ SEM). Bars with
different superscripts for each parameter are significantly different (p<0.05). @ significantly different from the
control group (p<0.05); ® significantly different from the HCI/EtOH group (p<0.05). HCI/EtOH: acidified ethanol
(1 ml/kg b. w.), MEGC1: 200 mg/kg methanol extract of Gomphrena celosioides, MEGC2: 400 mg/kg methanol
extract of Gomphrena celosioides, MEGC3: 800 mg/kg methanol extract of Gomphrena celosioides, and CIM: 50

mg/kg cimetidine.

Acid output in group of rats that were given acidified
ethanol alone was high when compared to the
normal group of rats, but post treatment with
different dose of MEGC significantly (p < 0.05)
decreased when compared to the acidified ethanol
alone group, also group post treated with cimetidine
decreased the acid output (Figure 2A). Pepsin activity
was increased in the acidified ethanol alone group
compared to the normal control group (Figure 2B),
but post treatment with MEGC significantly (p < 0.05)
decreased this observation in a dose dependent
manner. Cimetidine also decreased the peptic
activity significantly. However, acidified ethanol

alone group revealed decreased in the mucus
content when compared with the normal control
group, but treatment after gastric ulceration with
different doses of MECG increased the mucus
content significantly (p < 0.05) and the increase
observed were almost the same with the normal
control group particularly at 400 and 800 mg/kg.
Cimetidine also increased the mucus content
significantly (p < 0.05) but not as much as does by the
MEGC at 400 and 800 mg/kg respectively (Figure 2C).
Figure 2D shows the healing percentage of the
different doses of MEGC and cimetidine respectively.
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Figure 2: Effects of methanol extract of Gomphrena celosioides leaves on: (A) acid output; (B) pepsin activity;
(C) mucus content and (D) percentage healing in acidified ethanol-induced gastric ulcer healing in rats, (n =8,
+ SEM). Bars with different superscripts for each parameter are significantly different (p<0.05). @ significantly
different from the control group (p<0.05); ° significantly different from the HCI/EtOH group (p<0.05).
HCI/EtOH: acidified ethanol (1 ml/kg b. w.), MEGC1: 200 mg/kg methanol extract of Gomphrena celosioides,
MEGC2: 400 mg/kg methanol extract of Gomphrena celosioides, MEGC3: 800 mg/kg methanol extract of

Gomphrena celosioides, and CIM: 50 mg/kg cimetidine.

Figure 3A showed MPO activity, the MPO activity of
the acidified ethanol alone group was high compared
to the activity found in the normal control group.
Treatment with different doses of MEGC significantly
(p < 0.05) decreased the MPO activity compared to
that of the acidified ethanol alone group in a dose
dependent manner. Cimetidine also decreased the
MPO activity significantly (p < 0.05) compared to that
of the acidified ethanol alone group and the activity
obtained compared favorably with the activity
obtained for 800 mg/kg MEGC. Figure 3B showed an
elevated activity of xanthine oxidase in the acidified
ethanol alone group, but post treatment with
different doses of MEGC significantly (p < 0.05)
decreased this observation. Also, cimetidine

decreased the xanthine oxidase activity significantly
(p < 0.05) when compared to the acidified ethanol
alone group. Lipid peroxidation level was increased
in the acidified ethanol alone group, but post
treatment with MEGC decreased the LPO level
significantly (p < 0.05) in a dose dependent manner.
Level of LPO in the cimetidine post treated group was
also decreased significantly (p < 0.05) compared to
that of the acidified ethanol alone group (Figure 3C).
The level of GSH in the acidified ethanol alone group
decreased when compared to the normal control
group, but treatment with MEGC at different doses
significantly (p < 0.05) increased the GSH level, this
was also observed in the group treated with
cimetidine (Figure 3D).
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Figure 3: Effects of methanol extract of Gomphrena celosioides leaves on activities of: (A) myeloperoxidase;
(B) xanthine oxidase; (C) lipid peroxidation level and (D) GSH level in acidified ethanol-induced gastric ulcer
healing in rats, (n = 8, £ SEM). Bars with different superscripts for each parameter are significantly different
(p<0.05). ? significantly different from the control group (p<0.05); ® significantly different from the HCI/EtOH
group (p<0.05). HCI/EtOH: acidified ethanol (1 mi/kg b. w.), MEGC1: 200 mg/kg methanol extract of
Gomphrena celosioides, MEGC2: 400 mg/kg methanol extract of Gomphrena celosioides, MEGC3: 800 mg/kg
methanol extract of Gomphrena celosioides, and CIM: 50 mg/kg cimetidine.

The levels of protein carbonyl and nitric oxide were
presented in figure 4. Protein carbonyl level was
elevated in the acidified ethanol alone group, but
treatment with MEGC after ulceration decreased the
level of protein carbonyl significantly (p < 0.05), also
cimetidine decreased the level of protein carbonyl
significantly, though not as much as the MEGC

(Figure 4A). The nitric oxide concentration in the
acidified ethanol alone group was also elevated and
this was also decreased by the MEGC significantly(p
< 0.05). Cimetidine also decreased the concentration
of NO and the value obtained compared favourably
with the value obtained for MEGC at 400 mg/kg
(Figure 4B).
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Figure 4: Effects of methanol extract of Gomphrena celosioides leaves on concentrations of: (A) protein
carbonyl and (B) nitric oxide in acidified ethanol-induced gastric ulcer healing in rats, (n = 8, + SEM). Bars with
different superscripts for each parameter are significantly different (p<0.05). 2 significantly different from the
control group (p<0.05); ? significantly different from the HCI/EtOH group (p<0.05). HCI/EtOH: acidified ethanol
(1 ml/kg b. w.), MEGC1: 200 mg/kg methanol extract of Gomphrena celosioides, MEGC2: 400 mg/kg methanol
extract of Gomphrena celosioides, MEGC3: 800 mg/kg methanol extract of Gomphrena celosioides, and CIM:

50 mg/kg cimetidine.
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Figure 5: Histological view of the healing effect of MEGC on acidified ethanol-induced gastric mucosa damage
(ulcer) in Wistar Rats. (A) Control stomach architecture appears intact; (B) Treatment with 1 ml/kg bwt of
HCI/EtOH showing disruption of the epithelia cells, marked congestion in the mucosa, infiltration of the
mucosa by inflammatory cells, cluster of hyperplastic cells some of whose nuclei appear vesicular while others
appear normal. The cells also exhibit slight pleiomorphisms; (C) 1 ml/kg bwt of HCI/EtOH + MEGC1 (200mg/kg
bwt) showing mild disruption of the surface epithelium with necrosis, infiltration of the mucosa by
inflammatory cells; (D) 1 mil/kg bwt of HCI/EtOH + MEGC2 (400mg/kg bwt) showing regeneration and
restoration of the mucosa cells and increased muscularis thickness; (E) 1 ml/kg bwt of HCI/EtOH + MEGC3
(800mg/kg bwt) showing regeneration of the mucosa cells and muscularis thickness; (F) 1 ml/kg bwt of

HCI/EtOH + CIM (50mg/kg bwt) showing partial regeneration of the surface epithelia cells. (H & E, X 40)

Ill. DISCUSSION

Mixture of HCl/ethanol used to induce gastric ulcer is
a fast and convenient method to showcase the
cytoprotective properties of the medicinal plant
extracts. Ethanol drops the transmucosal potential
difference and thus weakens the lining. HCI on the
other hand, accelerates the ulcerogenic process
while enhancing lesions and reducing mucosal
protection. In this present study, acidified ethanol
severely damaged the gastric mucosal as evident by
the ulcer score and ulcer index obtained. These
results were consistent with the report of [36,37],
however, methanol extract of Gomphrena
celosioides inhibited the gastric damaged induced by
HCI/EtOH a dose dependent manner as observed in
the percentage gastric ulcer healing. This could be
due to a reduction of acid secretion and the presence
of the phytochemicals especially alkaloids that are
involved in the reduction of acidity [12, 38].
Biochemical analysis of gastric secretions and
mucosal integrity of stomach by determining the pH,
gastric juice volume, bicarbonate and peptic activity
is usually employed to ascertain its status following
exposure to pharmacological agents [39]. The pH
gives an idea of the level of acidity and volume of
gastric secretions. Low pH value is a manifestation of
increased hydrogen ion concentration in gastric
juice. This has been linked to pathogenesis of gastric

ulceration and delayed healing in experimental
animals [40]. Our results revealed that oral
administration of HCI/EtOH increased the gastric
juice volume, acid output and peptic activity with
concomitant decrease in the gastric pH, but
administration of MEGC reversed these observations
probably due to the presence of the phytochemical
constituents of the extract. Cimetidine also produced
similar effects on these parameters.

The primary function of the mucus layer is structural,
creating a stable layer that supports surface contact
with acid and acting as a protective physical barrier
against luminal pepsin. Secretion of bicarbonate
(HCOs) adhered to the mucus layer (stable and
adherent gel) creates a nearly neutral pH gradient on
the epithelial surface of the stomach and duodenum,
providing the first line of defense against luminal acid
and pepsin by forming a pre-epithelial mucus-buffer
barrier along with phospholipids [41, 42]. Besides
providing significant buffering capacity for the
neutralization of luminal acid, the mucus also offers
protection against both endogenous aggressors and
exogenous gastro toxic agents such as HCI/EtOH,
thereby enhancing the rate of local healing process.*’
In this study, the increased pepsin activity coupled
with decrease in mucus secretion in the HCI/EtOH-
ulcerated rats reduced protective ability of the
mucosal membrane against hemorrhage, thus,
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resulting in tissue damage. In this study, MEGC
decreased pepsin activity and elevated mucus
contents in the gastric mucosa. This in turn
encouraged speedy wound healing of the ulcerated
areas of the mucosal epithelia and shielded the
gastric membrane, thus abrogating the catastrophic
influence of HCI/EtOH in the ulcerated rats. This is
indicative of enhanced mucus secretory potential of
the MEGC and suggestive of their significant role in
ulcer healing process. CIM also increased the mucus
contents in the gastric tissue but to a lesser extent.
Acidified ethanol administration inflicts gastric injury
via direct effects including disruption of mucosal
cellular membranes, dehydration, hemorrhagic
gastric lesions characterized by mucosal friability,
cellular exfoliation, extensive submucosal edema
and inflammatory cell infiltration and cytotoxic
effects with consequent propagation of the
inflammatory cascade [37,43-45] Meanwhile, alcohol
causes indirect damaging effects via the recruitment
of leukocytes which drives inflammatory responses,
oxidative stress and apoptosis.

Myeloperoxidase, a biomarker for
neutrophil-dependent inflammation, is mainly
released from neutrophils, and therefore is also an
essential marker for normal neutrophil function.
MPO and other tissue-damaging substances
including reactive oxygen metabolites and cytotoxic
proteins are released into the extracellular space
when neutrophils are stimulated [46]. Acidified
ethanol administration causes an increase of
mucosal MPO activity, which indicates that the level
of activated neutrophils is increased in the gastric
mucosal [47,48]. In the present study, acidified
ethanol induced an increase of MPO activity in the
HCI/EtOH rats compared with the normal control,
this conformed to the report of [49,50]. Post
treatment with MEGC extracts after ulcer induction
by HCI/EtOH suppressed the release of MPO,
compared with HCI/EtOH control, which may
indicate that the degree of inflammation induced by
neutrophils was also inhibited particularly at 800 mg
kg! and this value was similar to that obtained
cimetidine treated group.

Xanthine oxidase (XO) is a major source of reactive
oxygen species generation in the pathogenesis of
various biological systems including  the
gastrointestinal tract [51,52]. It catalyses the
conversion reactions of hypoxanthine to xanthine
and xanthine to uric acid with byproduct of toxic
superoxide radical. In this regard it is a key enzyme
between purine and free radical metabolism [53]. In
healthy tissue, XO is synthesized as xanthine
dehydrogenase (XD), but under conditions like

Int J Pharm Biol Sci.

ischemia and reperfusion, XD is proteolytically
converted to XO. Xanthine degradation by XO leads
to the formation of hydrogen peroxide and
superoxide radicals and this is responsible for the
disturbance of cell membranes by lipid peroxidation
and leads to tissue and/or organ damage. In our
study, the elevated activity of XO in HCI/EtOH alone
group compared to the normal control group may be
attributed to the generation of ROS. Furthermore,
treatment with MEGC at different doses decreased
the activity of XO especially at 400 mg kg and
cimetidine was also observed to attenuate the
elevated activity of XO.

Lipid peroxidation is triggered by the process of free
radical interaction with cell membrane and produce
lipid-derived free radicals. MDA is the cytotoxic
product of lipid peroxidation, which leads to the
cross-linking polymerization of proteins, nucleic acid
and other living macromolecules, and arouses the
injury of mitochondria and lysosomes [54,55]. GSH, a
tripeptide with a reactive thiol group, is a reductive
non-enzymatic antioxidant that maintains the
intracellular redox status against ROS generated by
oxidative stress, protect and maintaining the
integrity of the gastric mucosal from oxidative
damage and participates in the production of mucus
and binding to free radicals formed during
inflammation or exposure to harmful agents [56]. In
our present study, acidified ethanol induced a
marked oxidative stress, as evidenced by elevated
MDA levels with concomitant decreased GSH levels
in the gastric homogenate. Increased level of lipid
peroxidation HCI/EtOH alone group in our study
agreed with reports of [57-59]. However, oral
administration of MEGC produced a dose dependent
decrease in the LPO level and increase in the GSH
level, indicating that MEGC might have therapeutic
effects against acidified ethanol-induced oxidative
stress. The same trend was observed in group
treated with cimetidine. Reactive oxygen species not
only stimulate lipid peroxidation but also cause
protein oxidation to produce protein carbonyl,
elevation of the protein carbonyl content in the
HCI/EtOH alone treated group compared with the
normal control group is an indication of generation
of ROS following HCI/ EtOH administration to rats,
these observation is reinforced by the finding that
the activities of xanthine oxidase and
myeloperoxidase were increased and the level of
glutathione was decreased, but treatment with
MEGC for 14 day decreased this observation and
cimetidine also decreased the level of protein
carbonyl.
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NO, when serving as a potent vasodilator, increases
blood flow in the gastric mucosa, inhibits the
secretion of gastric acid and potentiates the
secretion of mucus and bicarbonate, which thus
protect the gastric mucosa against damage induced
by a variety of corrosive substances and noxious
agents [60]. On the other hand, during inflammation
and pathological conditions like gastric ulcer [61],
there is continuous production of NO and superoxide
anion (027). NO is a weak oxidant, but when it
combines with O2"to produce peroxynitrite (OONO"
), it becomes a potent ROS, and disrupts the function
of important biological molecules such as DNA, RNA,
protein and lipids.[62,63] . In our experiments, we
observed abundant mucosal lesions, accompanied by
the rise of NO in HCI/EtOH alone treated rats. Post-
treatment with MEGC remarkably inhibited the
expression of NO in gastric tissues after HCI/EtOH
challenge, particularly at the dose of 400 mg kg™
This observation was similar to what was obtained
with the group post treated with cimetidine.

Furthermore, MEGC significantly attenuated the
oxidation of protein and xanthine oxidase activity
and reduced oxidative stress biomarker (MDA level),
indicating an increase in the antioxidative capacity.
These findings suggest that MEGC may exert

therapeutic effects via anti-inflammatory and
antioxidative  mechanisms accompanied with
upregulation of gastroprotective factor mucus

contents.

Histological examination of the gastric tissue reveals
glandular destruction in the gastric mucosa and
inflammatory cells infiltration in acidified ethanol
alone group. This is in agreement with previous
studies [50,64]. Healing of gastric mucosa damage
involves rapid mucosal restitution and
reepithelization by migration of surrounding
epithelial cells from the ulcer margin to cover the
denuded area [65], which is subsequently enhanced
by an increase in mucosal cell proliferation.
Administration of MEGC once daily for 14 days after
the induction of gastric injury with acidified ethanol
accelerated the healing process through mucosal and
submucosal re-epithelialization, as shown by the
histological analysis.
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