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ABSTRACT

Gastric ulcers are a prevalent gastrointestinal disorder characterized by erosions in the stomach lining,
affecting a significant global population. The rise in gastric ulcer disease incidence underscores the need
for effective interventions. Gastric ulcers often result from a disruption in the delicate balance between
aggressive and defensive factors affecting the stomach mucosa. Various factors, including excessive
gastric acid secretion and the influence of external agents like non-steroidal anti-inflammatory drugs
(NSAIDs), contribute to ulceration. This study explores the potential therapeutic effects of Beta Vulgaris
leaf extract on drug-induced gastric ulceration, focusing on its cytoprotective and anti-inflammatory
properties. Thirty female Wistar rats were randomly divided into six groups. Group 1 (normal control)
received distilled water, while Group 2 (ulcerated control) received indomethacin alone. Groups 3, 4, and
5 received graded doses of 200 mg/kg body weight of Beta Vulgaris leaf extract to assess potential
negative or toxicological effects. Group 6 received pretreatment with cimetidine (20 mg/kg body weight)
before indomethacin administration. Treatments, including reference drug and extract administrations,
spanned 14 days prior to indomethacin dosing. All treatments were administered orally via an intubator,
with ad libitum access to food (Pallets) and water throughout the study. Photomicrographs demonstrated
that Beta Vulgaris leaf extract prevented ulceration in the stomach. Ulcer scores revealed a significant
reduction in ulcer formation, particularly with the highest dose of Beta Vulgaris extract, compared to
indomethacin-induced ulcers. Cimetidine also significantly inhibited ulcer formation. Beta Vulgaris leaf
extract demonstrated substantial antiulcer activity, mucoprotection, and a reduction in gastric acid
secretion, comparable to reference drugs. Its mechanism of action likely involves cytoprotective,
antioxidant, immunoregulatory, and antisecretory properties. These findings suggest Beta Vulgaris as a
potential preventive or complementary treatment for peptic ulcers.

INTRODUCTION

Gastric ulcers which is a condition characterized by
erosions in the stomach lining that penetrate the mucosa
and submucosa, are a prevalent gastrointestinal disorder
affecting many across the globe (Ragheb et al., 2023).
The prevalence of Gastric ulcer disease has been
recorded to increase by more than 25.8% since 1990
(Mahmoud et al., 2023). It presently holds its position as
the most prevalent digestive tract diseases. Greater than
2% of the western population suffers gastric ulcer and it
presently affects about 10% to 15% of the world
population. Hence, the need for the development of
possible interventions (Khan, 2023).

This condition can be attributed to the disturbance of the
homeostatic balance that exist between the aggressive
and the defensive factors that interact with the mucosa
layer of the stomach (Gao et al., 2023). Influenced by
both cholinergic stimulation and the increase in the level
of the aggressive factors, the epithelial cells present in
the mucosa layer of the stomach secrets an impermeable
layer of mucous and bicarbonate that protects the mucosa
from strong acid and enzyme interaction and when such
delicate balance is destabilized, it results in gastric
ulceration (Kuraganti, 2012).

The underlying etiology of gastric ulcers involves a
complex interplay of factors, including excessive gastric
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acid secretion, diminished mucosal defense mechanisms,
and the impact of various external agents (Badr et al.,
2023). Aggressive factors that have been identified
includes Alcohol, NSAIDs (such as indomethacin), acid,
pepsin, bile salt among others while some of the
defensive factors are bicarbonate, prostaglandin and
epithelial renewal among others (Guzman-Gémez et al.,
2023).

In an attempt to combat the ulceration that results from
the destabilization of the delicate balance described
above especially by drug agents, numerous studies have
attempted to establish the therapeutic effect of various
natural extracts in the mitigation of gastric ulcer (Awuchi
et al., 2023). This study attempts to also evaluate the
ameliorative effect of beta wvulgaris leaves on drug
induced gastric ulceration.

Beta vulgaris is a plant majorly cultivated for its root and
the major motivation is the economic and medicinal
importance of the root (Amiri et al., 2023). Previous
studies have highlighted that beta vulgaris root is the
second largest source of sugar which holds its position
next to the popular sugar cane (Amiri et al., 2023). The
beta vulgaris plant contains a diverse array of bioactive
compounds, including antioxidants, flavonoids, and
polyphenols,  which  have  demonstrated  anti-
inflammatory and cytoprotective potentials which is the
reason for the medicinal importance (Michalak et al.,
2023). The phytochemical analysis of the Beta vulgaris
leaf has been well documented in a study by Kousar et
al. (2023).

The medicinal properties with which the leaves have
been implicated includes antioxidant, anti-depressant,
anti-microbial, antifungal, anti- inflammatory, diuretic,
and expectorant properties (Amiri et al., 2023). Beta
vulgaris has in fact been ranked as the tenth plant with an
abundant level of antioxidant (Al-Khafaji et al., 2022).

This study holds significant promise not only in
expanding our understanding of the gastroprotective
properties of Beta Vulgaris root extract but also in
shedding light on its potential mechanisms of action.

MATERIAL AND METHODS

Animal use and care

Thirty female Wistar rats weighing between 180g-200g
were obtained from the animal holding unit, Babcock
University, llishan-Remo and kept in a well-ventilated
Wistar rats cage and were randomized into six groups of
five rats each. Group 1 (normal control) animals received
only distilled water. Rats in group 2 (ulcerated control)
were treated with only indomethacin. Groups 3, 4 and 5
animals  were  administered  respectively  with
200 mg/kg b.w. of beta vulgaris extract (to monitor likely
negative/toxicological effect of the extracts). Animals in
group 6 underwent pretreatment with cimetidine at a
dosage of 20 mg/kg body weight before receiving
indomethacin.  All  treatments, including the

administration of the reference drug and the Beta
Vulgaris extract, spanned a period of 14 days preceding
the administration of indomethacin. To ensure precision
and consistency, all treatments were administered orally
using a specialized oral intubator. Throughout the
duration of the experiment, the rats had unrestricted
access to food in the form of Pallets (Top Feeds) and
water, provided ad libitum.

Preparation of extracts

Leaves of beta vulgaris (BV) were collect from a local
family farm in Ilishan Remo, Ogun State, Nigeria. The
sample was air-dried at room temperature for 10 days to
constant weight. The dried samples were then pulverized
with an electric blender (model MS-223; Blender/Miller
I1l, Taiwan, China), weighed and kept airtight prior to
extraction. Powdered samples (500 g each) of the plant
was extracted in 51 of distilled water for 48 h with
continuous shaking by orbital shaker maintained at
300 rpm. The solutions obtained were then filtered (with
Whatman No. 1 filter paper) and the resulting filtrates
lyophilized to give 15.5 g (SM) and 12.4 g (FE) residues,
corresponding to yields of 3.1% and 2.48% respectively.
The lyophilized samples were separately reconstituted in
distilled water to give doses of 100 and 200 mg/kg body
weight of each extract used in the study.

Ulcer induction

Ulceration was induced in the animal models with the
use of Indomethacin following the methods described by
previous literatures [4]. Animals were fasted for 24 hours
prior to experimentation but had free access to water.
The Control group received Indomethacin (40mg/kg
bw,p.o).

Animal sacrifice and tissue collection

On the fourteenth day (4 h post ulcer induction), the
female Wistar rats were euthanized by cervical
dislocation. The abdomen was opened and the stomach
excised. The stomach was thereafter opened along
greater curvature and gastric content was drained into a
centrifuge tube. The cleaned stomachs were scored for
the degree of ulceration and then preserved in 0.1 M
phosphate saline buffer (1:4 (w/v), pH 7.4) prior to
macroscopic examination.

Quantification of ulceration

Degrees of ulceration in the indomethacin-treated
animals were quantified using the procedure outlined by
Szabo and Hollander (1989). Briefly, cleaned stomachs
were pinned on a corkboard and ulcers were scored using
dissecting microscope with square-grid eyepiece based
on grading on a 0-2 scale (depicting severity of vascular
congestions and lesions/hemorrhagic erosions) as
presented in Table 1. Areas of mucosal damage were
expressed as a percentage of the total surface area of the
glandular stomach estimated in square millimeters.
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Table 2: Ulcer scores and descriptive remark
(planimetry method). Ulcer scoring- This is based on
a modified method of scoring method.®! Ulcers were
independently assessed and scored by two observers
using the following criteria

Score | Remark
0 Normal stomach mucosa
0.5 | Dotted ulceration
1 Two ulceration connected together
2 Conspicuous ulceration

Histological Assessment

Profiling of the ulcerated gastric mucosa was based on
the method using Periodic Acid Schiff staining (PAS)
[7]. Stomachs fixed with 10% formalin and embedded in
paraffin were sectioned at 5um in an automated
microtome. The gastric tissue integrity (mucosa-
submucosa) was assessed for damage.

W"V‘*”j‘l N 7

Statistical analysis

Results were expressed as mean of seven
determinations + standard error of mean. One-way
analysis of variance (ANOVA) complemented with
Student's t-test using SPSS software package for
windows (Version 16) for differences between means
was used to detect any significant difference (p < 0.05)
between the treatment groups in this study.

RESULTS

Presentation of Findings

Photomicrographs

Figure 1a shows the pictomicrograph of the stomach of
the Wistar rats in x40 magnification and figure 1b shows
the pictomicrograph at x100 magnification. It is observed
that the administration of beetroot extract to the animals
prevented ulceration of the stomach.

L .
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Figure la: Photomicrograph of the stomach of ulcerated rat (indomethacin-induced)
treated with Beetroot extract (groups 3-5) and indomethacin (group 6) at lower
magnification. M= mucosa; SM= submucosal; ME= muscular external; H & E; x40

A= mucosa B= submucosa C= Muscularis layer D= Serosa
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Figure 1b: Photomicrograph of the stomach of ulcerated rat (cimentidine-induced)
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treated with Beetroot extract (groups 3-5) and indomethacin (group 6). M=
mucosa; SM= sub mucosal; ME= muscular external; H & E; x100

A= mucosa B= submucosa C= Muscularis layer D= Serosa

Ulcer Scoring

Figure 2 below shows the ulcer scores accessed across all
groups. Indomethacin caused an increase in ulcer score
in Grp 2, when compared with grp 1 (control) #p<0.05.
However, the effect of graded dose BVE in indomethacin
induced ulceration, irrespective of its dose, has very
significant effect following pretreatment with BV
extract. p<0.0001 when compared to Indomethacin

Consequently, the effect of cimetidine in indomethacin
induced ulceration, caused a very significant decrease
compared to indomethacin.

The extract and reference group significantly inhibited
ulcer formation. However, the highest dose of BVE did
better compared to cimetidine.

15+
3 Control

o 3 Indomethacin
5 1% 3 BVE (100mg/kg) + Indomethacin
@ [ BVE (200mg/kg) + Indomethacin
8 [ BVE (400mg/kg) + indomethacin
5 5 [ Cimetidine + Indomethacin

0Lt é ﬂTTﬂ m

Figure 2: Showing the ulcer score in each of the groups.

#p<0.05 when compared to control
*p<0.01, **p<0.001, ***p<0.0001 when compared to
Indomethacin

DISSCUSSIONS

It is generally accepted that medicinal plants play a vital
role against various diseases. Beta vulgaris plants
extracts have significant antiulcer activity in Wistar rats.

It has mucoprotective activity and gastric anti-secreta
effects when compared with that of reference drugs. The
extract has been shown to be non-toxic at the
experimented dosages (Baido D, et al., 2017). The
antiulcer activity is probably due to the presence of
flavonoids through multiple mechanisms of action such
as cytoprotectors (increased mucus), antioxidants
(increased activity of SOD and CAT enzymes and GSH
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levels), immunoregulatory (reduction in proinflammatory
cytokines and increase in anti-inflammatory cytokines),
antisecretory (reduction in H*) (Pawar et al., 2010).
Nitric oxide, an endogenous substance known to improve
microcirculation around ulcers. and anti-H. pylori.
(Ajiboye and Nkwopara, 2019) Thus, they can
potentially be used as preventive and complementary
drugs or as dietary supplements to prevent the
development of peptic ulcer and its episodes of
recurrence and/or assist in the traditional treatment of
ulcerative lesions. Many products of natural origin,
especially composed of plant foods and plants, often
referred to as complementary and alternative medicines,
such as nutraceuticals and herbal medicines,
respectively, have stood out for their therapeutic
properties, which can assist in the management of many
diseases. Results showed that beet root plants prevented
ulcer in rats in a dose-dependent manner. A variety of
botanical products have been reported to possess
antiulcer activity; finally, it should be noted that
substances such as flavonoids, and tannins that possess
antiulcer activity are of particular therapeutic
importance. The results of this study indicate that
extracts of leaves and plants extracts of some medicinal
plant have good potentials for use in peptic ulcer disease.
Results showed that these medicinal plants could prevent
ulcer in rats in a dose-dependent manner. The present
study was designed to explore the mechanism of action
of beetroot plant against experimentally induced gastric
ulcers. The beta wvulgaris extracts were tested against
cimetidine and indomethacin induced gastric ulcer
models in female Wistar rats. It is concluded from this
study that the drug possesses antiulcer activity in
different gastric ulcer models. The antiulcer activity of
the drug can be attributed to free-radical scavenging
property, inhibition of acid secretory parameters and
strengthening of gastric mucosal barrier.

CONCLUSION

It is generally accepted that medicinal plants play a vital
role against various diseases. Beta vulgaris plants
extracts have significant antiulcer activity in Wistar rats.
It has mucoprotective activity and gastric anti-secretary
effects when compared with that of reference drugs. The
extract has been shown to be non-toxic at the
experimented dosages (Baido D et al., 2017).

2017). The antiulcer activity is probably due to the
presence of flavonoids through multiple mechanisms of
action such as cytoprotectors (increased mucus),
antioxidants (increased activity of SOD and CAT
enzymes and GSH levels), immunoregulatory (reduction
in proinflammatory cytokines and increase in anti-
inflammatory cytokines), antisecretory (reduction in H+)
(Pawar et al., 2010).
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