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Abstract: Betanin, a prominent compound found in beetroot, however, the potential protective
effects of this compound against gastric damage and ulceration have yet to be explored. This study
aims to investigate the impact of purified beetroot betanin (Bet) on the activities of inflammatory
enzymes and gene expressions associated with inflammation in gastric tissues. Gastric ulcer rats
were induced by ethanol at dose 5ml/kg body weight. Ulcerated rats were treated by purified betanin
or omeprazole; from which some inflammation-related genes and gastric-inflammation enzymes
were investigated using RT-PCR and biochemical analysis, respectively. Bet effectively suppressed
the activities of key enzymes involved in gastric mucosal inflammation, including 5-Lipoxygenase
(5-LO), Hyaluronidase (HAase), and myeloperoxidase (MPO), by 58%, 50%, and 45%, respectively.
Docking studies showed Bet binding to catalytic sites or key regions for enzymes’ activities, thus
explaining the inhibitory capacity. Bet ingestion decreased the expression levels of inflammation-
related genes, factor-kappa B (NF-xB) by 57%. This down-regulation subsequently led to a reduction
in the expression of inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), and tumour
necrosis factor-a. (TNF-a). Bet ingestion supressed thiobarbituric acid reactive substance (TBARS)
rates by 59%, augmented nitric oxide (NO) level by 107% and protected gastric tissues from damage
and ulceration. Bet revealed gastro-protective effects as confirmed by a reduction in the ulceration
surface area and the acidity by 75.9% and 40%, respectively, and a significant increase in the weight
of mucus and the curative index by 117% and 74.5%, respectively. In conclusion, these outcomes of
physiological and molecular-based investigations are indicative of potential use of Bet as a

functional food additive for the prevention of gastric ulcer.
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1. Introduction

One of the most prevalent illnesses of the digestive tract in humans is gastric ulcer (GU), which
has an incidence rate of 10% of the global population [1]. One of the most frequent factors leading
to stomach damage is alcohol [2]. By disrupting the equilibrium of the stomach mucosal barrier,
stimulating the infiltration of inflammatory cells, and encouraging the release of inflammatory
factors, ethanol harms the gastric mucosa [3, 4]. As is well known, GU is frequently characterized
by stomach mucosal epithelial cell damage, which is a crucial component in its development.
Numerous medications, including proton pump inhibitors, have been clinically utilized to treat GU
[5, 6]. Omeprazole and other chemically created medications have significant negative effects and a
high recurrence rate when used long-term to treat GU, however [6]. As a result, there is a need for a
natural active ingredient that is both safe and efficient for treating and preventing ethanol-induced
stomach damage. Researchers currently pay a lot of attention to using natural compounds like
terpenoids, flavonoids, and polysaccharides derived from plant resources as medications or food
supplements. In addition, Prior research has indicated that food additives, such as colorants,
emulsifiers, preservatives, and stabilizers, which are extensively used in the food industry, can cause
several toxic effects, including ulceration, alteration of gastric homeostasis, oxidative stress, cancers,
and other adverse effects [2,3,4]. These agents induce inflammatory reactions in the gastric mucosa,
leading to damage, alteration of the mucosa, and gastric cell necrosis [10, 11]. The mechanisms
responsible for the lesion of the gastric mucosa are pro-inflammatory mediators, particularly the
level of NO, which is a major defensive system of the gastric mucosa [12]. Currently, synthetic drugs
used for ulcer treatment have toxic effects [13]. Therefore, the use of non-toxic natural medicines
capable of preventing and treating gastric ulcers is one of the strategies for the treatment of gastric

diseases and disturbances.

Functional food and natural food additives have the potential to become the future of the prevention
of many chronic diseases, such as dyslipidemia, hyperglycemia, obesity, and cardiovascular diseases
[14-17]. Betalains, which are red pigments found in several plants, such as red-prickly pear and
beetroot, have been identified as a promising natural food additive. These pigments are widely used
as food colorants in candy, creams, and juices [18-21]. Betanine (betanidin 5-O-p-D-glucoside, red)
is the most abundant betalain component, accounting for approximately 90% of total betalains [10].
Several subsequent studies have reported that this compound possesses strong antioxidant and anti-
inflammatory activities [22—26].Within this particular context, the primary objective of our study is
to conduct an initial assessment of the impact of betanin consumption on the activity and gene

expression of pivotal enzymes involved in gastric mucosal inflammation and ulceration.
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2. Materials and Methods

Betanin extraction and chromatographic analysis.Fresh and fully matured beet roots were
harvested in the month of June. These roots were manually washed and peeled, and a control sample
(BV-Mo/16) was deposited at Laboratory LR11ES39 [27]. The total betalains were extracted by
grinding the roots in a water/methanol/formic acid mixture (84.95/15/0.05) following the protocol
described by Sawicki et al. [28]. Subsequently, the beetroot powder was freeze-dried, homogenized
in a sonicated solvent mixture, and centrifuged for 10 minutes (13,000 x g at 4°C) for 20 minutes.
Pure betanin was purified and characterized using UV-visible, HPLC-DAD-UV, and infrared
spectroscopy (FTIR) in accordance with the protocol described by Gongalves et al. [29]. The
lyophilized betanin material was weighed and stored under refrigeration until its use.

In vitro anti-inflammatory assay. To ensure accurate and reliable measurements of enzyme
activity in the present study, different protocols were utilized. For instance, the activity of 5-
Lipoxygenase (sigma-437996-500U) was determined using the protocol established previously [30].
The method involved measuring the absorbance at 234 nm in a reaction medium consisting of a
borate buffer mixture, the enzyme, and linoleic acid as substrate. Hyaluronidase activity in the gastric
mucosa was determined using the protocol described by Nishida et al.[30]. which involved a mixture
of the enzyme, BSA sodium phosphate buffer, hyaluronic acid, and albumin.

The activity of MPO was determined using the protocols described by Queiroz et al. and Almeida
etal. [31, 32]. The reaction mixture consisted of MPO and samples (0.1, 0.2, 0.4, 0.8 and 1.6 mg/mL)
in phosphate M buffer and the reaction was initiated by adding H202, catalase and 2-nitro-5-
thiobenzoic acid. After incubation in the dark for 5 min, the absorbance was measured at 412 nm.
Docking betanin with the target Human enzymes: Human 5-lipoxygenase, hyaluronidase and
myeloperoxidase structures were extracted from the RCSB PDB Protein Data Bank (pdb codes 6ncf,
2pe4 and 1d7w, respectively) (https://www.rcsh.org/). Before docking, water molecules were
removed, and hydrogens were added. For the Lipoxygenase structure, the inhibitor (3-acetyl-11-
keto-beta-boswellic acid) was removed. The Bet structure was generated using ChemBio3D Ultra
12.0 software (CambridgeSoft Co., USA) and its energy was minimized with the MM2 tools
implemented to the software. The molecular docking of the Bet in the enzyme binding site was
performed using autodock Vina software [64]. with a radius of 1.00. The docking box included the
substrate binding cavity and had a size of 24. For the lipoxygenase the grid box included the catalytic
and the inter-domain cavities. For the Lipoxygenase, docking box center coordinates were x: 8.798,
y =41.271 and z = 23.45. For hyaluronidase, the box was centered on catalytic Glu131, with center
coordinates x: 37.461, y = -19.162 and z = -16.594. With regards to the myeloperoxidase, center
coordinates were x: 20.836, y = -20.157 and z = 0.467. The best ranked docking pose of Bet
compound in the active site of each enzyme was obtained according to the free binding-energy value.

Structures were visualized, and figures were generated using the Biovia Studio visualizer (Accelrys


https://www.rcsb.org/
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Software Inc., Discovery Studio Modeling Environment, Release 2017 R2, San Diego: Accelrys
Software Inc., 2007).

Ethanol-induced gastric ulcer. Ulcer induction was done with absolute ethanol as described by
Hafsa et al [33]. Male Wistar strain rats weighted of 181 £ 9 g and two months of age were kept
under a controlled environment and a voluntary diet. Rats with gastric ulcer were grouped into 5
groups of 5 rats each.: group 1: formed of healthy rats (C); group 2 composed of rats with gastric
ulcer induced by oral ethanol at a dose of 5 ml/kg body weight (bw) (U); group 3 composed of rats
with gastric ulcer and treated with and omeprazole at a dose of 20 mg/kg daily; and groups 4 and 5
are ulcerated rats treated with purified betanin (at a dose of 30 and 60 mg/kg bw daily) The induction
of ulcers was carried out using absolute ethanol, as previously described by Hafsa et al [28]. Male
Wistar strain rats, weighing 181 + 9 g and aged two months, were maintained under controlled
environmental conditions, and provided with a voluntary diet. Rats with gastric ulcers were divided
into five groups, each consisting of five rats: group 1 comprised healthy rats (C); group 2 comprised
rats with gastric ulcers induced by oral ethanol at a dose of 5 ml/kg bw (U); group 3 comprised rats
with gastric ulcers treated with omeprazole at a dose of 20 mg/kg daily; and groups 4 and 5 comprised
ulcerated rats treated with purified betanin at doses of 30 and 60 mg/kg bw daily, respectively.
Following sacrifice, the stomachs of the rats were gently washed with ice-cold phosphate buffer. The
experimental procedures involving rats were conducted in accordance with the recommendations of
the National Ethics Committee (approval number: CEEA-ENMYV 23/20) and the animal care and use
commission (approval number: CER-SVS 0013/20222020-0205), in compliance with the U.S.
National Institutes of Health's "Guide for the Care and Use of Laboratory Animals" (NIH Publication
No. 85-23, revised 1996). Three hours after the administration of absolute ethanol, the animals were
sacrificed, and their stomachs were quickly removed, cleaned with physiological water, and the
surface area of the gastric ulcer was determined using an inverted microscope associated with a
digital camera. The treatments of the gastric surface were analyzed using the Image J software with
a calculable numerical distance (mm). The gastric mucosa content was estimated using the protocol
of Ofusori et al. [34].The ulcer index (UI) and healing index (CI) were calculated according to the
method described in this study [35].

Biochemical analysis. The present study involved the determination of various biochemical
parameters in gastric juice. Specifically, the levels of TBARS were calculated using the methodology
outlined by Buege and Aust [36]. The gastric NO rate was determined using the protocol described
by [37]. The protein level was calculated in accordance with the instructions provided by the
manufacturer (Kit biolabo, France, ref K2016). The hyaluronidase activity of gastric juice was
assessed by measuring the rate of n-acetylglucosamine formation from hyaluronate via absorbance
[38]. Finally, the MPO activity was determined using the methodology described by Hillegas et al.
[31].
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RNA extraction and semi-quantitative RT-PCR. The guanidium thiocyanate-phenol-
chloroform method, as described by Hamden et al [39, 40], was utilized to extract total gastric
mucosal RNAs. In brief, the gastric mucosa of rats was homogenized in lysis buffer [39,40], followed
by incubation in cold and subsequent centrifugation. The RNAs were then precipitated at —80°C with
isopropanol, washed, and stored at —80°C until use. The quantity of total RNA was determined by
measuring the absorbance at 260 nm, while the purity was assessed by measuring the 260/280 nm
ratio. The quality of the RNA was evaluated by migration on 1.5% agarose gel. Subsequently, total
RNAs were reverse transcribed into cONA by RT-PCR. The cDNAs of the target genes and of L19
were amplified by PCR using specific primers (Table 1) as indicated elsewhere. The cDNAs of the
target genes were then migrated on a 2% agarose gel stained with ethidium bromide, visualized under
UV transillumination, and analyzed using NIH software (http://rsb.info.nih.gov/nih-image).

Table 1. The primer sequences used for RT-PCR.

Gene name Forward primer (5'- 3" Reverse primer (5'-3")

TNFa GCAGGTCTACTTTGGGATCATT AGAAGAGGTTGAGGGTGTCT
iINOS CAGCACAGAGGGCTCAAAGG TCGTCGGCCAGCTCTTTCT
COX2 CCAAACCAGCAGGCTCATACT AGCGGATGCCAGTGATAGAGT
NF-»B AGTTGAGGGGACTTTCCCAGGC TCAACTCCCCTGAAAGGGTCCG
L19 GAAATCGCCAATGCCAACTC ACCTTCAGGTACAGGCTGTG

Statistical Analysis. The present study was conducted using a sample size of five rats per group.
The statistical analysis of the data was performed using the Fisher test and one-way analysis of
variance (ANOVA) through the Stat View software. The variations in the values were determined

based on statistical analysis. The statistical significance was considered at a level of p<0.05.

In case you need to itemize parts of your text, use either bullets or numbers.

3. Results

Assessment of Bet compound effect on pivotal enzymes associated with

inflammation.
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In Vitro analysis. The present study conducted in vitro has demonstrated that Bet exhibits a potent
and dose-dependent inhibitory effect on the crucial enzymes involved in gastric inflammation,
namely 5-lipoxygenase (5-LO), hyaluronidase (HAase), and myeloperoxidase (MPO) (Fig. 1). The
inhibitory concentration (IC50) of Bet against 5-LO, HAase, and MPO was found to be 79.7, 101.4,
and 31.4 pg/ml, respectively.
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Figure 1. In vitro assessment of the inhibitory effect of betanin on the activities of key enzymes
involved in gastric inflammation: 5-Lipoxygenase, Hyaluronidase, and Myeloperoxidase.
Relationship between bet ingestion and key enzymes associated with inflammation in the

gastric mucosa of ulcerated rats. The findings of our study demonstrate that the administration of
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absolute ethanol at a dosage of 5ml/kg bw induced pronounced inflammation in the gastric mucosa, as
evidenced by a substantial elevation in 5-LO, HAase, and MPO activities by 179%, 130%, and 106%
respectively (Fig. 2).
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Figure 2. Effect of Bet treatment on the activities of the gastric mucosa 5-Lipoxygenase,
Hyaluronidase, and Myeloperoxidase. Statistical analysis as *P < 0.05 significant differences
compared to controls; #P < 0.05 significant differences compared to U; @P < 0.05 significant

differences compared to U-Ompz; 4P < 0.05 significant differences compared to U-Betso.
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Conversely, in ulcerated rats subjected to oral administration of Bet, the gastric mucosa exhibited a
safeguarding effect against inflammation. In fact, the consumption of Bet by ulcerated rats significantly
inhibited 5-LO, HAase, and MPO activities by 54%, 49%, and 45% respectively.

Docking of betanin with the target enzymes. To understand the inhibitory effect of betanin towards
the target Human enzymes, docking studies were carried out. For the hyaluronidase, the binding energy
of betanin was -8.4 Kcal/mol. The betanin is located with the enzyme active site close to key catalytic
residues Asp129, Glul31 and Tyr247 (Fig. 3A and 3B). The inhibitor is stabilized in the active site
mainly by hydrogen bonding with residues Glu131, Asp292, Val322 and Trp324 (Fig. 3B and 3C).
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Figure 3. Hyaluronidase (A, B and C), Lipoxygenase (D, E and F), and myeloperoxidase (G, H and I)
in complex with betanin. Left panels (A, D and G): Ribbon representation of the enzyme
(Lipoxygenase, hyaluronidase or myeloperoxidase) in complex with the betanin (green sticks). Two
Inhibitors described to bind to the catalytic site of lipoxygenase (A) and close to the membrane binding
domain are shown as yellow sticks. In the case of Myeloperoxidase (G) the heme group (white sticks)

located in the active site of the enzyme is shown. Middle panels (B, E and H), residues of the active
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site interacting with betanin. Interacting residues are shown in white sticks. Hydrogen bonds are
indicated by green dashed line. Right panels (C, F and 1): 2D-diagrams of the betanin bound to the
active site of the enzymes.

This binding mechanism is in line with the inhibitory effect of betanin towards the hyaluronidase.
The best ranked pose for betanin in complex with 5-lipoxygenase (Binding energy -7.1 Kcal/mol) is
located between the catalytic and the membrane binding domain (Fig. 3D and 3E). This binding site
is close to that of the natural compound inhibitor 3-acetyl-11-keto-beta-boswellic acid (Fig. 3D),
located between membrane binding and catalytic domains. Residues Trpl102, Thr104, GIn141,
Aspl56, Aspl62, and Argl65 are establishing hydrogen bonds with the inhibitor (Fig. 3E and 3F).
The binding energy for the Bet to myeloperoxidase was -8.5 Kcal/mol. The binding pose was located
within the enzyme catalytic site close to the catalytic heme group taking part in the oxidoreductase
activity (Fig. 3G and 3H). The ligand was stabilizing in the active site through hydrogen bonding with
residues Thr100, Glu102, Alal04, Glul16, Pro145, Asp218 and Arg229 (Fig. 3H and 31).

Bet ingestion, TBARS and NO levels in gastric mucosa of ulcerated rats. The results of this study
demonstrate that the administration of Bet in rats with ulcers effectively prevents and
safeguards against cellular damage to the gastric mucosa. This is evidenced by a noteworthy
decrease in the level of TBARS by 59% and a substantial increase in the level of gastric NO

by 107% when compared to ulcerated rats that did not receive anything (Fig. 4).
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Figure 4. Effect of ingestion of the Beast by ulcerated rats on the level of TBARS and NO in the gastric
mucosa. The results of this study show that the administration of Bet in ulcerated rats protects gastric
cells against damage by suppressing the rate of lipid peroxidation and inducing defensive antioxidant
power by stimulating NO synthesis. Statistical analysis as *P < 0.05 significant differences compared
to controls; #P < 0.05 significant differences compared to U; @P < 0.05 significant differences

compared to U-Ompz; &P < 0.05 significant differences compared to U-Bets,.
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The impact of Bet and ulcer on genes expression (NF-xB, INOS, COX-2 and TNF-a) of

MRNA in gastric mucosa. This study aims to investigate the influence of bet and ulcer on the
expression of nuclear factor kappa B (NF-xB), inducible nitric oxide synthase (iNOS),
cyclooxygenase-2 (COX-2), and tumor necrosis factor-alpha (TNF-a) mRNA in the gastric mucosa.
The examination of these molecular markers is crucial in understanding the underlying mechanisms

involved in the pathogenesis of gastric ulcers.
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Figure 5. Effect of ulcer and Bet ingestion on the mRNA level of key genes propagating inflammation
in gastric tissues such as NF-xB, INOS, COX-2 and TNF-a. This study clearly shows the potential
anti-inflammatory effect of Bet through the down-regulation of the expression of these genes.
Statistical analysis as *P < 0.05 significant differences compared to controls; #P < 0.05 significant
differences compared to U; @P < 0.05 significant differences compared to U-Ompz; 4P < 0.05

significant differences compared to U-Betso.
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By analysing the mRNA expression levels of NF-»xB, iINOS, COX-2, and TNF-a, this research aims to
provide valuable insights into the molecular alterations occurring in the gastric mucosa during ulcer
development and the potential role of bet in modulating these changes. The results of this study have
demonstrated that the consumption of ethanol leads to a significant upregulation of the key
inflammatory gene, NF-xB, by 79% (Fig. 5).

This upregulation of NF-xB mRNA levels subsequently triggers a cascade of gene induction
responsible for inflammatory reactions, including iNOS, COX-2, and TNF-a, which were found to be
upregulated by 113%, 137%, and 78%, respectively (Fig. 5). However, the administration of Bet via
gavage was found to confer protection against inflammation of the gastric mucosa, as evidenced by the
suppression of NF-xB mRNA synthesis by 47.4%. This downregulation of NF-xB mRNA levels was
accompanied by a reduction in the expression of genes responsible for gastric cell damage, namely
iNOS, COX-2, and TNF-0, which were found to be downregulated by 44%, 45%, and 56%,
respectively, when compared to untreated ulcerated rats. This finding may contribute to the
development of novel therapeutic strategies for the management of gastric disorders.

The effects of Bet ulcerated treatment on gastric macroscopic injury, gastric mucosa content,
ulcer area, and curative index in rats. The present study shows that the administration of absolute
ethanol in rats results in severe gastric bleeding and gastric mucosal ulceration (Fig. 6).

This damage to the gastric mucosa is evidenced by an increase in the surface area of the ulcerated
mucosa and gastric secretion by 300% and 161%, respectively, when compared to healthy rats.
Additionally, gastric ulceration leads to a reduction in the weight of the gastric mucosa by 59.7% (Fig.
6). However, treatment of ulcerated rats with Bet at a dose of 60mg/kg bw resulted in significant
protection of the gastric mucosa. Specifically, bet ingestion reduced the surface area of ulcerated
mucosa and gastric secretion by 75% and 40%, respectively, when compared to untreated ulcerated
rats. Furthermore, Bet administration significantly increased the weight of the gastric mucosa by 117%,

resulting in a curative index of 74% (Fig. 6).
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Figure 6. Gastric macroscopic injury, gastric mucosa content, ulcer area and curative index in Bet
ulcerated treated. A potential protective effect was observed by Bet against gastric ulcer indices.
Statistical analysis as *P < 0.05 significant differences compared to controls; #P < 0.05 significant
differences compared to U; @P < 0.05 significant differences compared to U-Ompz; %P < 0.05

significant differences compared to U-Betso.



Journal of Chemistry and Nutritional Biochemistry 63

4. Discussion

Gastric ulcer (GU) is a painful gastric disease that significantly affects the quality of life of many of
patients. According to recent studies, the prevalence of GU ranges from 20 to 60 cases per 100,000
individuals , and it is responsible for nearly10% of global mortality [41, 42].

Gastric ulcer is a painful lesion of the gastric mucosa that arises due to inflammatory reactions, which
can result in stomach perforation and internal bleeding [11]. Clinical management of ulcerative gastritis
(UG) involves the use of medications with various mechanisms, including antisecretory gastric acid
agents such as H2 receptor antagonists (e.g., cimetidine) and proton pump inhibitors (e.g., omeprazole),
antibiotics, antacids, and mucosal protective agents [43-45]. However, the use of these drugs is
associated with the problem of UG recurrence, undesirable side effects, and the inability to address the
underlying cause of this condition, which is the inflammatory reactions in the gastric mucosa.
Therefore, the exploration of food compounds, particularly natural food additives such as dyes, is an
alternative approach to eliminate toxic synthetic food additives, promote healthy food, and prevent
various health disorders [6, 46-50]. It is well-established that ethanol ingestion induces inflammatory
reactions in the gastric mucosa, as evidenced by the induction of inflammatory genes and enzymes,
epithelial cell necrosis, and increased gastric permeability [6, 46-50].The present study demonstrated
that the consumption of ethanol leads to the degradation of purines, resulting in an excessive production
of reactive oxygen species (ROS), which are known to mediate oxidative stress. This oxidative stress
triggers the migration of neutrophils towards the damaged area of the gastric tissue. Subsequently, the
neutrophils aggregate in the gastric mucosa, leading to the formation of lesions and inflammation due
to the release of tissue-destructive substances such as proteases and leukotrienes [51]. Our study
specifically identified the induction of 5-lipoxygenase (5-LO), hyaluronidase (HAase), and
myeloperoxidase (MPOQ) activities because of this oxidative stress in the gastric mucosa. This was
further supported by a significant increase in thiobarbituric acid reactive substances (TBARS) levels
and a decrease in nitric oxide (NO) content.

In contrast, the consumption of Bet exhibited a down-regulatory effect on the activity of key enzymes
associated with oxidative stress. This was evidenced by a significant reduction in the activity of 5-LO,
HAase, and MPO, an increase in NO content, and a decrease in TBARS levels, indicating a suppression
of gastric cell damage. These findings are consistent with previous literature [52-55]. Additionally,
previous studies have reported that a decrease in the activity of inflammatory enzymes, namely 5-LO,
HAase, and MPO, as well as a reduction in TBARS levels, serve as indicators of decreased leukocyte
influx in the gastric mucosa. This reduction is associated with a decrease in histopathological

alterations, gastric haemorrhage, and exhibits anti-ulcer activity. The strong stabilization of ligand in
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the entry of the active site suggested an inhibitor site for bet in line with its high inhibitory power
towards the enzymes.

Bet binding with the catalytic cavity for the hyaluronidase and myeloperoxidase can explain its
inhibitory power of both enzymes. In the case of the lipoxygenase, Bet is binding between the catalytic
and the membrane binding domain. This binding site was described for natural compounds impairing
the lipoxygenase activity such as 3-acetyl-11-keto-beta-boswellic acid Structural and mechanistic
insights into 5-lipoxygenase inhibition by natural products [65]. Binding to this allosteric site located
at 40 A from the catalytic binding site was proposed as a new mechanism of enzymatic activity control.
In addition, the administration of Bet in ulcerated rats leads to a down-regulation of the key gene
involved in inducing inflammation in the gastric mucosa, specifically NF- xb. This down-regulation is
evident through a significant suppression of the mRNA level of NF-»xB [56].The inhibition of NF-xB
gene expression and consequently its protein level in the gastric mucosa inhibits the cascade of
inflammatory reactions by suppressing the expression of genes involved in the inflammatory cascade,
namely iNOS, TNFa and COX2 [57]. Our findings show that the ingestion of Bet by ulcerated rats
results in a suppression of gastric mucosa iNOS, TNF-a and COX-2 mRNA levels by 113, 78 and
137%, respectively compared to untreated rats with ulcers. These results are in agreement withZheng
et al [57], who reported that the ingestion of ethanol induces inflammatory reactions by stimulating the
secretion of pro-inflammatory cytokines such as TNF-a, IL-6, IFN)-c, IL-1B, while reducing anti-
inflammatory cytokines like IL-10. Additionally, Zheng et al demonstrated that the administration of
natural compounds such as costunolide and dehydrocostuslactone can reduce these inflammatory
cytokines by suppressing the expression of the NF-»xB gene, thereby protecting gastric tissues from
ulceration. Other studies [51, 58, 59] have also shown that the induction of NF-kB promotes ulceration
and cell damage in the gastric mucosa, while the suppression of this gene promotes the repair of gastric
tissue damage and ulceration. Previous studies have documented the significant role of nitric oxide
(NO) in the defence against inflammation [60]. Our findings indicate that the administration of Bet in
ulcerated rats leads to a substantial increase in gastric NO levels. This increase can be attributed to the
potent anti-inflammatory activity of Bet. Furthermore, maintaining high levels of NO plays a crucial
role in protecting the gastric mucosa [61]. Our results align with Liang et al , [61] who observed that
the gastroprotective effects of anti-ulcer compounds are likely mediated by the induction of NO levels
as a defence mechanism against damage and inflammation. Another study by Salem et al [50]
demonstrated that the gastroprotective effect of Cornu aspersum mucin is attributed to its ability to
reduce the expression of iNOS and induce NO levels.

In the present study, we have demonstrated that Bet inhibits oxidative stress and suppresses lymphocyte
migration and infiltration in the intestinal mucosa. This leads to a reduction in reactive oxygen species
(ROS) production and is accompanied by a direct interaction and inhibition of enzymes, as previously
shown in vitro. Notably, bet possesses various functional properties, making it a natural food colouring

agent for several food products such as yogurts, ice creams, jams, chewing gums, sauces, and soups. It
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is characterized by its potent capacity to neutralize free radicals and its ability to induce the expression
of genes encoding antioxidant and detoxification enzymes, including kinase pathways such as AKT,
JNK, and ERK [62]. Conversely, this pigment inhibits the genes responsible for the cytokines involved
in the inflammatory reaction cascade, such as Toll-like receptor 4 and NF-xB [63]. The present study
provides clear evidence that the consumption of ethanol leads to the development of oxidative stress
and excessive production of reactive oxygen species (ROS) in gastric tissues. This stress triggers the
migration of neutrophils to the gastric mucosa, which in turn initiates a series of inflammatory reactions
in the mucosa. These reactions are mediated by the activation of specific target genes, such as NF-»B,
and the inhibition of anti-inflammatory genes, including those responsible to produce nitric oxide
(NO). Consequently, these inflammatory reactions result in the infiltration of lymphocytes and severe
damage to the gastric mucosa, characterized by extensive haemorrhage and degradation, ultimately
leading to the formation of ulcers, as shown in the figure 6.

However, in rats with ulceration that were treated with Bet, a strong anti-ulcer effect was observed.
Our findings clearly demonstrate that the consumption of Bet reduces oxidative stress in gastric tissues,
as evidenced by a significant decrease in the activity of key enzymes involved in inflammation, such
as 5-lipoxygenase (5-LO), hyaluronidase (HAase), and myeloperoxidase (MPO). Additionally, there
was a notable suppression of the rate of thiobarbituric acid reactive substances (TBARS), which is
indicative of reduced lipid peroxidation. This reduction in oxidative stress resulted in a down-
regulation of ROS production. Consequently, the lower levels of ROS recruited a relatively smaller
number of neutrophils to the gastric mucosa. This suppression of lymphocytic infiltration following
the consumption of Bet significantly mitigated the inflammatory reactions, thereby preventing

substantial alterations to the mucosa and exhibiting a considerable anti-ulcer effect.

5. Conclusions

This study presents evidence that the administration of ethanol leads to the development of
gastric ulceration by inducing the excessive production of reactive oxygen species (ROS). This,
in turn, triggers a significant infiltration of lymphocytes within the gastric mucosa, resulting in a
cascade of inflammatory responses. Conversely, the administration of Bet effectively reduces
ROS levels, thereby mitigating lymphocyte infiltration and potentially suppressing inflammatory
reactions by down-regulating inflammation-associated target genes within gastric tissues. These
results suggest that Bet exhibits significant anti-ulcer properties, thereby potentially offering
valuable insights for the advancement of innovative therapeutic approaches in the treatment of
gastric ailments.
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