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This study examined if wheat germ oil (WGO) has gastroprotective impacts against ethanol-induced gastric ulcer in rats. Rats were
assigned into control, WGO, ethanol, omeprazole + ethanol, and WGO + ethanol. WGO prevented gastric ulceration and damage
induced by ethanol, the same effect induced by omeprazole, a widely known medication used for gastric ulcer treatment. WGO reduced
gastric ulcer index, nitric oxide, and malondialdehyde levels in the stomach. WGO boosted the expression of nuclear factor erythroid
2-related factor 2 (Nrf2), heme oxygenase-1 (HO-1), Bcl2, and the antioxidants. WGO showed inflammatory and anti-inflammatory
impacts through the control of interleukin (IL)-1β, Tumor necrosis factor alpha (TNF-α), and IL-10 that were altered in ethanol-
administered rats. Ethanol up-regulated caspase-3 and nuclear factor-kappa B (NF-kB) expression and showed histopathological
changes such as necrosis and mucosal degeneration that were mitigated by pre-administration of WGO. Moreover, WGO decreased
gastric immunoreactivity of NF-kB and increased transforming growth factor beta-1 (TGF-β1) that were associated with upregulation
of Nrf2, heme oxygenase-1 (HO-1), and antioxidant expression and production. In conclusion, WGO reduced ethanol-induced stomach
toxicity by regulating genes involved in oxidative stress, inflammation, and apoptotic/antiapoptotic pathways.
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1. Introduction
Gastric ulcer (GU) is a major biohazard that threatens
human health.1 Globally, GU affects 14.5 million people,
with 4.08 million deaths occurring each year.2 GU is
induced by a digestive system imbalance among aggres-
sive substances like refluxed bile salts, and acid, pepsin
as well as consumed medicines, and protective elements
such as the surface epithelial cells and the mucus bicar-
bonate barrier.3 Other variables, such as stress, smoking,
and alcoholism, as well as gastric ulcers of various forms
have been related to the overuse of non-steroidal anti-
inflammatory drugs (NSAIDs).4 The majority of com-
mercially available medications, such as omeprazole and
other antiacids, have poor efficacy in treating gastroin-
testinal diseases and are frequently linked with substan-
tial side effects.5

According to previous studies, the average yearly
alcohol intake for people is around 10 L, with males

consuming approximately 14 L.6 Furthermore, current
medical study has found that the drinking population
has a substantially higher frequency of gastrointestinal
issues than the nondrinking population. Frequent
consumption of high-concentration alcohol causes
epithelial cell necrosis and detachment, gastric mucosal
thinning, injury and embolism in the microvascular
endothelium, and ischemic and anoxic tissue damage,
resulting in gastric mucosal deterioration and ulcer
formation, as well as gastroduodenal mucosal injury
and related gastropathy.7 When alcohol enters the
stomach mucosa, oxygen-free radicals, active oxidation
metabolites such as protease, and superoxide anion (O2)
are released, as well as sticking to the endothelium
of the vasculature, resulting in vascular blockage and
mucosal damage.8 Alcohol causes stomach mucosal
injury, and in this process, the role of free radicals
is crucial. In the gastric mucosa of chronic drinkers,

D
ow

nloaded from
 https://academ

ic.oup.com
/toxres/article/11/2/325/6561445 by guest on 05 N

ovem
ber 2023

pc
Highlight



326 | Toxicology Research, 2022, Vol. 11, No. 2

there are higher quantities of lipid peroxides and free
radicals.7

One of the most extensively utilized experimental
models is the ethanol-induced acute GU model.9 Com-
pared to other GU methods, the ethanol-induced GU
model has an advantage, in that it closely reflects
the symptoms of acute clinical peptic ulcer disease.10

Alcohol consumption has long been known to cause
inflammation of the gastric mucosa. Ethanol penetrates
the gastrointestinal mucosa quickly after administration,
producing membrane disruption, erosion, and cell
exfoliation. As a result of these actions, necrosis and
ulcer development can occur by increasing mucosal
permeability to stomach acid and the production of
vasoactive substances by macrophages, mast cells,
and blood cells.11 Ethanol also causes microvascular
damage by lowering cellular antioxidant levels while
decreasing blood flow and increasing the generation of
pro-inflammatory cytokines and reactive oxygen species
(ROS).10 The most commonly prescribed medications
for treating and preventing stomach ulcers include
proton pump inhibitors (like omeprazole, lansoprazole),
antacids, cell protection factors, and H2 receptor blockers
(such as cimetidine, ranitidine). Because these medi-
cations induce impotence, arrhythmia, hematological
changes, hypersensitivity, and gynecomastia, they should
be avoided. As a result, using a natural anti-ulcer drug
with minimal side effects is unavoidable.12

As known, most commonly used drugs used for gastric
ulcer treatment are inhibitors for proton pump, antacids,
H2-receptor antagonists, and anticholinergics.13,14 How-
ever, most of them have severe side effects that include
irritability, changes in the hematopoietic system, and
arrhythmia.15 Therefore, physicians search for alternate
safe medication to cure gastric ulcer. Recent studies by
Boutemine et al.16,16 have confirmed a safe herbal med-
ication (Pistacia lentiscus L.) with potential therapeutic
effects against both gastric ulcers16 and colitis17 through
the regulations of inflammatory processes associated
with these inflammatory diseases].

Wheat germ (WG) is a leftover from the flour milling
process. During the milling process, the germ is separated
from the bran and starch.18,19 The most significant part
of the wheat is the germ, accounting for around 2.5% of
the total weight and playing a vital role in food processing
with high nutritional value.20 Anti-inflammatory and
antioxidant properties of tocopherols and phenol com-
pounds are abundant in wheat germ oil (WGO), as indi-
cated by decreased O2 generation and NADPH oxidase
activity.21 It also contains unsaturated fatty acids, includ-
ing linoleic and linolenic acids and vitamin E, which
protect oxidative processes in tissues.22 In a previous
research, animals supplemented with an experimental
diet containing 10% WGO showed a 9-week improvement
in liver lesions produced by benzene injection.23 This
research aims to see if WGO can protect rats from devel-
oping Gus caused by ethanol, as well as the mechanisms
involved.

2. Materials and methods
2.1 Medications and chemicals
Pharopharma Co. (Cairo, Egypt) provided omeprazole,
and Sigma Chemical Co. supplied 100% ethanol (St Louis,
MO, USA). WGO was provided by Egypt’s El Captain
Company (Cap Pharm). Sigma Aldrich (St Louis, Missouri,
USA) provided the hematoxylin and eosin (H&E) staining
solution. All of the compounds were pure powder and of
molecular grade. QIAGEN (Valencia, CA, USA) provided
the SYBR Green PCR Master Mix, Oligo dT primers, and
Qiazol.

2.2 Animals
A total of 30 mature albino rats weighing 200–220 g were
used (aged 2 months) were utilized for this research. The
rats in this study were collected from the Pharmacol-
ogy Department’s house of animal breeding facilities at
Benha University’s Faculty of Medicine, Egypt. The rats
were kept in clean and well-ventilated cages, and they
had unlimited water and food supplies. The rats were
kept in a scientific setting under strict control (25 ◦C, 60%
humidity, and a 12 h/12 h light/dark cycle). Before any
experimental procedures, the animals were given a week
to acclimate and handled manually. The ethical rules
for laboratory animal research were followed during all
animal-related procedures, which the ethics committees
of Benha University and Taif University (TURSP-2020-09)
approved.

2.3 Animal grouping, treatments, and samplings
Thirty adult albino rats were divided into 5 groups, each
with 6 animals as following:

2.3.1 Group I (negative control group)

These animals were gavage with saline and allowed free
access to food and water without any medications to
assess the basic parameters.

2.3.2 Group II (positive control or WGO group)

These animals received WGO (1.5 mL/kg) (∼about
1,400 mg/kg) orally, once daily24 for consecutive 10 days.

2.3.3 Group III (ethanolic group)

Animals of this group were treated with only absolute
ethanol (5 mL/kg) orally, once daily for consecutive
10 days.25

The time used (10 days) is the optimal to show a high
grade of gastric ulceration and amelioration by WGO as
stated by previous reports.24,25 The introduction of 100%
ethanol alcohol to the stomach caused gastric mucosal
damage (5 mL/kg i.e. 1 mL/rat) via orogastric intubation
for 10 consecutive days.25 To avoid eating stool, which
interferes with the development of stomach damage. The
rats were kept in metabolic cages with extensive mesh
flooring and high ceilings.26
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2.3.4 Group IV: standard group (omeprazole + ethanol)

At a dose of 20 mg/kg, omeprazole was given orally to
the animals in this group25 followed by absolute ethanol
(5 mL/kg) orally, 1 h later, once daily for consecutive
10 days.

2.3.5 Group V (WGO + ethanol)

Animals of this group were treated with WGO (1.5 mL/kg)
orally, once daily24 followed by absolute ethanol (5 mL/kg)
orally, 1 h later, every day for 10 consecutive days, and
the animals were scarified 1 h later at the conclusion
of the research.25 Rats were sedated for 2–5 min with a
cotton pad saturated with diethyl ether in a desiccator
at the end of the experiment, then scarified, and killed
by cervical dislocation. Blood was drawn through a heart
puncture and centrifuged at 3,000 rpm for10 min to
extract clear serum, which was then kept at −20 ◦C until
analysis. Simultaneously, the gastric tissues were soon
removed, and along the greater curve of the stomach,
it was opened, and volume and pH measurements were
taken of their contents. Following that, before being eval-
uated macroscopically for the gastric ulcer index (GUI),
stomach tissue specimens were cleansed with a physio-
logical saline solution to remove any thrombus.27,28

Next, the stomach tissue homogenate was divided into
3 sections, promptly frozen, and stored at 80 ◦C for mal-
ondialdehyde (MDA) and NO determinations. The second
portion was kept in Qiazol for future mRNA expression of
nuclear factor erythroid 2-related factor 2 (Nrf2), heme
oxygenase-1 (HO-1), caspase-3 (case-3), and antiapop-
totic Bcl-2 gastric genes. The third part was embedded in
10% formalin for histological and immunohistochemical
testing.

2.4 Measurement of gastric juice volume and pH
The stomach contents were collected in a centrifuge
and spun for 8 min at 5,000 rpm. The supernatant fluid
was titrated with a 0.1 mM NaOH solution to evaluate
stomach pH.29

2.5 GUI and percentage of ulcer preventive index
Takagi and Okabe30 techniques were used to determine
the gastric ulcer index (GUI, mm2) and the percentage of
ulcer preventive index (PI). With a ruler and a 10× mag-
nifying lens, the ulcerated surface area was measured
first and then the severity of the ulcer was determined
as specified in Table 1. The UI and ulcer PI percentages
were then computed using the formulae below.27

Estimation of GUI was done as following formula:
GUI = sum of lesion areas in each group/total stomach

area × 100
After that, the percentage of ulcer prevention index

was calculated using the following equation:
Ulcer PI = UI of ethanolic group − UI of pretreated

group × 100/UI of ethanolic group

2.6 Antioxidants and cytokine assays
To measure MDA, reduced glutathione (GSH), and cata-
lase (CAT), levels, enzyme-linked immunosorbent assay

Table 1. Gastric ulcer scoring system based on the severity of the
ulcer.

Ulcer
score

Gastric lesion

0 No lesion
1 Mucosal edema and petechiae
2 1–5 small lesions (1–2 mm)
3 More than 5 small lesions or 1 intermediate lesion (3–4 mm)
4 Two to more intermediate lesions or 1 gross lesion (>4 mm)
5 Perforated ulcers

(ELISA) kits were purchased from Life Span Biosciences
Company (LS.Bio), North America for MDA and Shanghai
Blue Gene Biotech CO., LTD for GSH and CAT in accor-
dance with the manufacturer’s recommendations.

Serum levels of interleukin-1 (IL-1) and tumor necrosis
factor alpha were estimated using specific ELISA
(ab255730 and ab46070, respectively) kits and spec-
trophotometric analysis according to the kits’ instruc-
tions. IL-10 was measured using commercial kit obtained
from Abcam, USA (Rat IL-10 ELISA Kit, ab100765). Data
obtained from ELISA reader were calculated as described
in the kit instructions.

2.7 Measurement of MDA and NO in gastric
tissue homogenate
To measure gastric MDA and NO, gastric tissue was
homogenized as described before.31 On a calibrated
scale, 1 g of stomach tissue was weighed, then 9 mL
of PBS buffer was added, and the mixture was mixed
with ice. Ice was utilized to avoid protein degradation
and limit enzyme activity and deactivation inside the
tissue during homogenization. Using a chilled centrifuge,
the homogenous mixture was centrifuged for 20 min
in the falcon tube at 12,000g at 4 ◦C. The sediment
was discarded while the supernatant was collected. The
supernatants were separated into microtubes and stored
at 20 ◦C until NO and MDA levels were measured.

The nitrite generated by nitric oxide (NO) oxidation
was used to determine the content of NO32, which was
based on the Griess diazotization technique. MDA was
measured by creating a 1:2 adduct with the amino group
of thiobarbituric acid, which absorbed significantly at
532 nm.33

2.8 Quantification of oxidative stress, apoptotic,
and antiapoptotic markers in gastric tissues by
quantitative real-time polymerase chain reaction
The 7500 Fast is a high-performance system. Quanti-
tative real-time polymerase chain reaction (qRT-PCR)
for nuclear factor erythroid 2-related factor-2 (Nrf2),
heme oxygenase-1 (HO-1), and caspase-3 (casp3) was
performed using RT-PCR equipment, and antiapop-
totic Bcl-2 genes utilizing 5′-Oligonucleotide-3′ primer
sequences for each gene (Table 2) (Applied Biosystems,
CA). Stomachs from all rat groups were collected and
immediately frozen at −80 ◦C: control, WGO, ethanolic
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Table 2. Oligo sequences for used quantitative RT-PCR primers.

SYBR Green RT-PCR primers 5′-Oligo sequences-3′ Accession number Product size (bp)

qR-Nrf2 F: TTGTAGATGACCATGAGTC
R: TGTCCTGCTGTATGCTGCT

NM_031789.2 141 bp

qR-HO-1 F: GTAAATGCAGTGTTGGCCC
R: ATGTGCCAGGCATCTCCTTC

NM_012580.2 178 bp

qR-casp3 F: GAGCTTGGAACGCGAAGAAA
R: TAACCGGGTGCGGTAGAGTA

NM 012922 122 bp

qR-Bcl2 F: ACTCTTCAGGGATGGGGTGA
R: TGACATCTCCCTGTTGACGC

NM_016993 94 bp

qR-β actin F: AAGTGTGACGTTGACATCCG
R: TCTGCATCCTGTCAGCAATG

NM 031144 71 bp

The sequences of rat primers; qR-Nrf2, nuclear factor erythroid 2-related factor 2 (Nrf2); qR-HO-1, hemoxygenase-1; qR-casp3, caspase-3; qR-Bcl2, antiapoptotic
Bcl-2, and β-actin was selected as the reference gene.

(Omeprazole+ ethanol), and (WGO+ ethanol). Total RNA
from 50 mg of stomach tissue was separated with Trizol
reagents (Thermo Fisher Scientific, Inc., Waltham, MA,
USA) and stored at 80 ◦C per the guidelines provided by
the manufacturer. The absorbance at 260/280 nm of all
specimens ranged between 1.8 and 2.1, showing that the
RNA quantity and quality were both excellent (BMG LAB
TECH, GmbH, Germany). A predetermined amount of
RNA (1,000 ng) was transcribed backwards into cDNA
using the High-Capacity cDNA Reverse Transcription
Master Mix (Applied Biosystems, USA) procedure at 25 ◦C
for 10 min, 37 ◦C for 120 min, and 85 ◦C for 5 min.
Until the gene expression analysis, cDNA samples were
kept at −80 ◦C. 1.5 μL of 1 μg/L cDNA, 10 μL SYBR
Green PCR Master Mix (QuantiTect SYBR Green PCR
Kit, Qiagen), 1 μM of each forward and reverse primers
for each gene nuclease-free water to a final volume
of 20 μL qRT-PCR were adjusted with heating at 95 ◦C
for 10 min, then 40 cycles of denaturation at 95 ◦C for
15 s, annealing, and extension at 60 ◦C for 1 min. Each
sample’s cycle threshold (Ct) values were established.
The Ct value of the target gene mRNA was adjusted to the
internal reference gene, β-actin. The expression values
for the gastric samples were quantified with a formula:
2 − ��CT34 using the 1-way analysis of variance (ANOVA)
test (SPSS17.0 software), to calculate the mean ± SE of
fold change in the term of the target genes in the gastric
tissue of experimental groups.

2.9 Histological and immunohistochemical
analyses
For 48 h, stomach specimens were fixed in 10% buffered
formalin. Before being chopped into 5 μm length, the
samples were dehydrated before being embedded in
paraffin wax after being dehydrated in a graded alcohol
solution. H&E staining were used to finish the samples.
The histological alterations in the stomach tissues were
examined using an optical microscope35.

The manufacturer’s instructions were followed when
investigating the phosphonuclear factor kappa light
chain enhancer of activated B cells p65 in stomach tissue
using the impress excel staining kit (cat# MP-7601; Vector
Laboratories, Burlingame, CA, USA). Antigen retrieval

was achieved by boiling the sections in citrate buffer
after they had been deparaffinized and hydrated for
30 min at 95 ◦C (10 mM, pH 6). Anti-p-NF-kB p65 (sc-
33039) primary antibodies were used at a 1:50 dilution
in Tris-buffered saline to incubate the sections overnight
(TBS). Before being counterstained with hematoxylin,
sections were further treated with a secondary antibody.
The percentage of immunologically positive regions was
calculated using the “Image J” tool.36 TGF-β1 immunore-
activity was determined by incubating sections overnight
at 4 ◦C with a primary antibody against TGF-β1 (cat.
no. ab92486; Abcam; dilution 1:150). The slices were
treated for 1 h with the biotinylated antibody and then
incubated in Elite ABC reagent after 3 PBS washes (Vector
Laboratories). Following that, the slices were stained
with 3,3-diaminobenzidine (DAB, Sigma-Aldrich; Merck
KGaA).37

2.10 Statistical analysis
The acquired data were tallied and examined utilizing
computer software (SPSS, Version 26 for Windows, SPSS
Inc., Chicago, IL). The information was presented in the
form of a mean and standard deviation. RT-PCR was
expressed as mean ± SE. The Shapiro–Wilk test was per-
formed to assess normalcy, assuming normality P < 0.05.
To discover differences between normally distributed
data, the 1-way ANOVA test was used. A significant
ANOVA test was used to detect significant pairings,
followed by post hoc Tuckey HSD multiple comparisons
using the Bonferroni test. This investigation’s acceptable
threshold of significance was P < 0.05.

3. Results
3.1 Effect of WGO pretreatment on gastric ulcer
assessment (gastric juice volume, gastric pH,
ulcer index, and percentage of ulcer PI)
Table 3 demonstrates that the significant findings of
the absolute ethanol that led to reduction in the gas-
tric pH within the ethanolic group corresponding with
a considerable rise in stomach juice volume (P < 0.05)
compared to normal control group rats. The explanation
for the largest number of ulcer index in ethanolic rats
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Table 3. Protective effect of WGO on ethanol-induced changes on gastric juice volume (mL), pH, ulcer index (mm2), and PI (%).

Control WGO Ethanolic group Omeprazole + ethanol group WGO + ethanol group

Gastric juice volume (mL) 1.5a ± 0.1 1.6 a ± 0.2 3.1b ± 0.1 1.6 a ± 0.1 2.02d ± 0.1
Gastric pH 6.4a ± 0.1 6.5a ± 0.1 2.6b ± 0.3 8.7c ± 0.4 4.7d ± 0.1
Ulcer index (mm2) 0a ± 0.00 0a ± 0.0 5.1b ± 0.01 1.4c ± 0.1 2.4d ± 0.1
Ulcer PI (%) − − 0 72.6 51.5

Values are means ± SD for 6 different rats per treatment. Values with different letters are statistically different at P < 0.05. SD, standard deviation.

Table 4. Protective effect of WGO on ethanol-induced systematic oxidative stress and changes on serum antioxidants.

Control WGO Ethanolic groups Omeprazole + ethanol group WGO + ethanol group

Serum MDA (ng/mL) 14.2a ± 1.2 13.4a ± 1.3 39.4b ± 1.8 24.7c ± 1.8 17.9d ± 2.7
Serum GSH (pg/mL) 138.3a ± 8.0 146.8a ± 5.1 5.6b ± 3.6 1.6c ± 2.0 112.9d ± 6.9
Serum catalase (pg/mL) 71.6a ± 2.4 76.3a ± 3.4 3.3b ± 4.5 49.1c ± 2.8 59.5d ± 4.0

Values are means ± SD for 6 different rats per treatment. Values with different letters are statistically different at P < 0.05. SD, standard deviation.

was pH = 2.6. In contrast to the ethanolic group, pre-
administration with WGO or omeprazole 20 mg/kg for 10
days resulted in a substantial increase in stomach pH (4.7
and 8.7, respectively), as well as a decline in the volume of
gastric juice and GUI (P < 0.05). Pretreatment with WGO
or omeprazole showed significant increase in percentage
of ulcer PI (51.50% and 72.67%, respectively) comparing
with ethanolic group.

3.2 Macroscopic examination of stomach tissues
after ethanol administration in rats
As seen in Fig. 1A and B, control and WGO-administered
rats show normal gastric mucosa without ulceration.
Compared to control groups, oral ethanol administration
resulted in severe stomach ulcers with significant appar-
ent hemorrhagic erosion, leading to high UI (Fig. 1C).
Pretreatment with WGO or omeprazole for 10 days, sig-
nificantly prevented severe stomach mucosal damage
caused by ethanol, as demonstrated in Fig. 1D and E.

3.3 Effect of WGO pretreatment on serum levels
of oxidative stress markers altered by ethanol in
rats
Compared to the normal control groups, ethanol-induced
GU was related to a rise in MDA (P < 0.05) and a reduction
in CAT and GSH. Pretreatment with WGO or omeprazole
ameliorated such changes in MDA (P < 0.05), CAT, and
GSH. WGO restored the alterations induced by ethanol
and reversed to nearly the normal control levels (Table 4).

3.4 Impact of WGO against ethanol-induced
changes on gastric tissue MDA and NO
Table 5 shows that ethanol-induced gastric ulcers
resulted in a considerable rise in gastric MDA compared
to regular control groups. The standard group (omepra-
zole) had significantly lowered MDA levels (P < 0.05).
MDA levels were lowered in rats pretreated with WGO
compared with ethanolic rats (P < 0.05). Furthermore,
the amount of stomach tissue NO in the ethanolic group
was considerably lower than the standard control groups.
Pretreatment with WGO or omeprazole resulted in a

substantial rise in stomach NO (P < 0.05) as compared
to the ethanolic group, but not close to the usual control
level as shown in Table 5.

3.5 Effect of WGO pretreatment on serum levels
of pro-inflammatory (TNF-α, IL-1β) and
anti-inflammatory (IL-10) cytokines in
ethanol-induced gastric ulcer in rats
When compared to the traditional control groups,
ethanol-induced GU was validated by an elevation in
the production of pro-inflammatory cytokines (TNF-α,
IL-1β) and a decrease in the anti-inflammatory cytokine
IL-10. Pretreatment with WGO or omeprazole resulted
in a substantial drop in TNF-α, IL-1β (P < 0.05) with
an increase in IL-10 (Table 6), confirming the role of
WGO in such modulation. The IL1/IL10 and TNF/IL10
ratio was examined as shown in Fig. 6. It showed a
significant increase in ethanol-administered group that
was significantly ameliorated in omeprazole and WGO
receiving groups. This confirms the potential of WGO
as anti-inflammatory agent directed against ethanol-
induced GU.

3.6 Effect of WGO pretreatment on oxidative
stress, apoptotic, and antiapoptotic markers
altered in ethanol-administered rats
The ethanol-administered group had a considerable
downregulation of transcription factor Nrf2 and its
downstream HO-1 expression compared to the control
group, as shown by RT-PCR (Fig. 2A and B). In addition,
the induction of apoptosis by ethanol was validated by
a considerable increase in caspase-3 expression and
a reduction in the antiapoptotic Bcl-2 gene (P < 0.05,
Fig. 3A and B, respectively). Pretreatment with WGO or
omeprazole inhibited the ethanol-provoked gastric ulcer,
as WGO displayed upregulation of Nrf2, HO-1, and Bcl-
2 and downregulation of caspase-3 mRNA expression
(Figs 2 and 3).

3.7 Histopathology examination
The stomach tissues of group control and WGO were
microscopically examined and demonstrated normal
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Fig. 1. Photographs depicting the morphology of the rat stomach upon necropsy. The animals in the control group (A) and the WGO group (B) did not
have any obvious lesions. In comparison with the control group, the ethanolic group (C) had a severe lesion in the gastrointestinal mucosa.
Omeprazole + ethanol group 20 mg/kg (D) and WGO+ ethanol 1,400 mg/kg (E) showed mild gastric lesions. Yellow arrows indicate gastric lesion.

Table 5. Protective effect of WGO on ethanol-induced changes on gastric tissue oxidative stress markers.

Control WGO Ethanolic groups Omeprazole + ethanol group WGO + ethanol group

Tissue MDA (nmol/g tissue) 78.1a ± 5.6 71.5a ± 7.7 161.5b ± 4.3 11.1c ± 6.7 91.1d ± 5.1
Tissue NO (μmol/g tissue) 6.3a ± 0.2 6.2a ± 0.2 2.5 b ± 0.2 5.1c ± 0.2 4.7c ± 0.2

Values are means ± SD for 6 different rats per treatment. Values with different letters are statistically different at P < 0.05. SD, standard deviation.

intact gastric mucosa, normal gastric glands, inflam-
matory cell infiltration and no edema, hyperemia, or
hemorrhage (Fig. 4A and B). The ethanolic group’s stom-
ach tissue had significant injury and necrosis of mucosal
cells and serious bleeding, edema, and leukocyte infiltra-
tion (Fig. 4C). Mild deterioration and necrosis at the apex
of mucosa tissue, limited edema, hemorrhage, and cell
infiltration were observed after a 10-day pretreatment
with WGO or omeprazole (Fig. 4D and E).

3.8 Immunohistochemical findings
The term of nuclear factor-kappa B (NF-kB) in the gas-
tric epithelium of both the control and WGO groups
was consistent (Fig. 5A and B) (brown color). Both groups’
mean immune-stained area % of NF-kB did not change
significantly (Fig. 5F). Ethanolic nontreated rats showed
marked increased in NF-kB expression (Fig. 5C) with a
substantial (P < 0.05) increase of the average immunore-
active stained area % compared with pretreated groups
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Table 6. Protective effect of WGO on ethanol-induced changes on serum pro-inflammatory and anti-inflammatory cytokines levels.

Control WGO Ethanolic groups Omeprazole + ethanol group WGO + ethanol group

Serum IL-1β (pg/mL) 40a ± 3.5 33.3a ± 3.2 85.1b ± 7.5 56.6c ± 4.3 6.3c ± 2.1
Serum TNF-α (pg/mL) 151.3a ± 4.3 150a ± 6.4 301.5b ± 7.6 201.1c ± 7.6 209.6c ± 5.7
Serum IL-10 (pg/mL) 401a ± 7.6 401.8a ± 5.5 204.5b ± 8.5 306.1c ± 9.3 312c ± 8.1
IL-1β/IL10 ratio 0.09a 0.08a 0.42b 0.18c 0.19c

TNF-α/IL10 ratio 0.37a 0.37a 1.47b 0.65c 0.66c

Values are means ± SD for 6 different rats per treatment. Values with different letters are statistically different at P < 0.05. SD, standard deviation.

Fig. 2. Quantification of Nrf2 (A) and HO-1 (B) mRNA expression in rat
gastric tissue. Values reported as means ± SEM (n = 6). ANOVA test was
followed by post hoc multiple comparisons test. Values with different
letters are significant at P < 0.05.

(Fig. 5F). Conversely, WGO plus ethanol and omeprazole
plus ethanol pretreated rats showed marked decrease
in NF-kB expression (Fig. 5D and E) with a substantial
reduce in the average immune reactive stained area %
(Fig. 5F).

In the stomach tissue of the control and WGO groups,
TGF-β1 expression (Fig. 6A and B) demonstrated that
TGF-β1 expression was regular (brown color). TGF-β1
immunoreactivity in the control and WGO groups did
not differ significantly (Fig. 6F). When ethanol-treated
rats were compared to the control and WGO groups, they
demonstrated a significant (P < 0.05) drop in TGF-β1
expression (Fig. 6C), as well as a significant (P < 0.05)
decline in the percentage of the immune reactive stained
area (Fig. 6F). Pretreatment of ethanolic groups with

Fig. 3. Quantification of caspase-3 (A) and Bcl-2 (B) mRNA expression in
rat stomach. Values are expressed as means ± SEM (n = 6). ANOVA test
was followed by post hoc multiple comparisons test. At P < 0.05, values
with various letters are significant.

WGO and omeprazole exhibited a conspicuous increase
in TGF-β1 expression (Fig. 6D and E) with a substantial
rise in the mean immune-stained area % (Fig. 6F).

4. Discussion
Alcohol has been demonstrated to have a significant
effect in stomach mucosal damage and upper gastroin-
testinal hemorrhage in a number of investigations.38,39

Ethanol-stimulated gastric lesions are a frequent model
for investigating the biology of stomach ulcers and the
impact of various pharmaceuticals and natural therapies
on gastroprotection.39,40 There have been no in vivo
research on WGO’s gastroprotective efficacy or the
mechanism behind its gastric protection in mice with
an ethanol-induced gastric ulcer. A stomach ulcer model
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Fig. 4. Photomicrographs depicting a microscopic view of the gastrointestinal tissues of rats from the normal group (A), WGO group (B), ethanolic
group (C), omeprazole + ethanol group (D), and WGO + ethanol group (E). Green arrows show healthy appearance of the coating structure and
mucosal layer. The orange arrows indicate necrosis and degeneration at the mucosa’s apex. Red arrows depict mucosal apoptosis and deterioration in
the mucosa’s depths. (E: edema, L: infiltration of inflammatory cells, H: hemorrhage) (H&E 100×).

caused by 80% ethanol (5 mL/kg) was developed in this
study. The ethanol-induced stomach ulcer experimental
model is valuable identifying the anti-ulcer potential
of drugs and the likely mechanisms involved in this
procedure41–.43 Two mechanisms by which ethanol
induces stomach injury include dehydration, which
degrades mucosal cell barriers, and cytotoxicity. This
encourages the enlistment of ROS, producing leukocytes
and inflammatory cytokines, all of which can result in
cell death. Surprisingly, NF-kB appears to be a key player
in connecting these 2 events.44

We found in the current study significant increase in
gastric lesions in gastric wall mucosa, gastric
volume, and GUI in ethanolic nontreated rats. We and
others25,40,45 confirmed macroscopic lesions induced
by ethanol. The considerable rise in GUI demonstrates

ethanol’s powerful ulcerogenic effect, which is in line
with prior research.46 WGO pretreatment declined
gastric lesions in the stomach wall mucosa, gastric
juice volume level, GUI, and preventative index with an
increase in gastric pH (PI). The considerable decrease in
GUI and increased PI in WGO-treated rats imply a robust
antiulcerogenic potential equivalent to that of omepra-
zole, a well-known antiulcer drug. The ulcerated tissues
of the ethanolic nontreated group showed widespread
degradation and necrosis of mucosal tissue, infiltration
of leukocyte cells, edema, and severe bleeding, as
previously reported.25,47,48 Nevertheless, WGO pretreated
rats showed that mucosal damage was reduced, as was
submucosal edema and inflammatory cell infiltration
compared to omeprazole findings as reported here and
by others.24
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Fig. 5. Representative photomicrographs showing Immunohistochemical staining of nuclear factor kappa beta (NF-kB) in the experimental rats’
gastric tissues (IHC, 400×). Immunopositive areas are expressed as nuclear expression of brown rounded nuclei (yellow arrows). A control group (A)
and WGO treatment group (B) showed normal expression of NF-kB. The ethanolic group (C) showed more expression. The omeprazole + ethanol
treated group (D), and a WGO + ethanol treated group (E) showed restoration in NF-kB expression. (F) Quantification of NF-kB expression. The area
percent (%) of NF-kB immunohistochemical staining in 10 separate fields/sections was calculated, n = 6 rat/group. All the values in F are expressed as
means + SD and areas of expression with different letters are significant at P < 0.05.

WGO pretreated to ethanolic rats regulated the
production and expression of some oxidative stress
markers such as NO, lipid peroxidation marker (MDA),
antioxidant enzymes, apoptotic, antiapoptotic gene
expressions, and the Nrf2/HO-1 expression. Gastric
NO preserves the healing of gastric ulcers and the

integrity of the stomach mucosa wall defensive barrier.49

NO protective effects are linked to the activation of
the stomach mucosa and the creation of bicarbonate,
which aids in the maintenance of gastric capillary
blood supply, as well as inflammation inhibition.49,50

Reduced gastric NO is one of the major causes of gastric
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Fig. 6. Immunohistochemical staining for transforming growth factor β1 (TGF-β1, IHC, 400×) in ethanol-administered rats and possible protection by
WGO. Immunopositive areas are brown colors (yellow arrows). A control group (A), WGO group (B), ethanolic group (C), omeprazole + ethanol treated
group (D), and (E) WGO + ethanol treated group. (F) Quantification of TGF-β1 term, the area percent (%) of TGF-β1 immunohistochemistry staining
was determined across 10 distinct fields/sections, n = 6 rat/group. The mean + SD is used to express all of the data. All the values in F are expressed as
means + SD.

ulcers in the gastric mucosa.51 We found that ethanol-
induced ulcerated rats had a lower level of gastric NO in
the stomach mucosa, which is consistent with earlier
reports.51,52 Pretreatment with WGO or omeprazole
dramatically elevated stomach NO levels.

There is a well-established link between inflam-
mation and ethanol-induced stomach ulcer dam-
age.53,54 Ethanol triggers an inflammatory response
in macrophages, causing them to release large levels
of pro-inflammatory cytokines such IL-1, IL-6, and
TNF-α, which encourage the number of neutrophils
present at the inflammatory area, causing the mucosal
barrier to be destroyed.53,55 The quantity of free radicals
produced by oxygen in the body was increased by these
pro-inflammatory cytokines, allowing peptic ulcers to
form more easily. Our findings, as well as those of
others47,56, are incorporated with this assumption. In

addition, ethanol exposure resulted in a considerable
reduction in IL-10 production. Pretreatment with WGO
or omeprazole resulted in a considerable drop in serum
TNF-α and IL-1β levels, as well as a considerable increase
in IL-10, indicating anti-inflammatory impact for WGO.
WGO has been shown to have an anti-inflammatory
impact on rat liver toxicity.57 This effect could be due
to WGO’s high content of unsaturated fatty acids (81%)
that have anti-inflammatory properties and the ability
to reduce oxygen-free radicals.58

The pathogenic development of gastric ulcer has
been connected to oxidative stress.47 The current study
found that in ethanolic nontreated rats, the redox
balance is disrupted, worsen by lipid peroxidation, and
antioxidant enzymes are depleted (GSH and CAT). MDA
levels rose as a result of a rise in superoxide radical
anions (O2) and ROS, as well as a depletion of antioxidant
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Fig. 7. The collective preventive impacts of WGO against ethanol-induced stomach ulcers in rats.

enzymes.59 These findings are in line with previous
research.47,48,60 In contrast to ethanolic nontreated
rats, WGO and omeprazole pretreatment resulted in
significant increases in GSH and CAT serum levels, as
well as a reduction in both serum and tissue levels of
MDA; WGO exhibits gastroprotective qualities against
acute ethanol-induced GUs, showing its antioxidant
activity. In a similar study, WGO was found to have potent
antioxidant properties in mice with aspirin-induced
gastrotoxicity.24

The intrinsic mitochondrial pathway triggers apop-
tosis in the intestinal mucosa in response to oxidative
stress and inflammatory cytokines. The antiapoptotic
Bcl2 and proapoptotic Bax and caspase-3 proteins control
oxidative stress-induced apoptosis, following ethanol
intubation, contributing to the breakdown of gastric
mucosal wall integrity.37,61 Apoptosis is inhibited by
downregulation of apoptotic proteins (Bax and caspase-
3) and overexpression of Bcl2 expression, which slows
the healing of gastric lesions.40,61 The data obtained from
our study reveal that WGO and omeprazole pretreated
substantially upregulated Bcl2 with downregulation of
caspase-3 mRNA gene expression relative to ethanolic
nontreated rats. Our findings show that WGO pre-
treatment decreases stomach mucosal apoptosis. These
findings are in parallel with earlier research, which
documented that WGO has an antiapoptotic effect in
CCL4-induced nephrotoxicity.62

By replenishing natural antioxidant enzymes (GSH,
CAT, and HO-1), the Nrf2/HO-1 signaling pathway

protects cells from damage caused by oxidative stress.55,63

In the cytoplasm, Nrf2 connects to the negative regu-
lator Keap1 and becomes inactive. Nrf2 is dissociated
from Keap1 by oxidative stress, which enhances that
phase II enzymes are activated due to their transfer
from the cytoplasm to the nucleus.52 HO-1 has been
related to apoptosis prevention and cytoprotection
against oxidative stress.25,52,63 In this investigation, the
ethanolic nontreated group showed downregulation
of Nrf2 and HO-1, but the WGO and omeprazole
pretreatment groups showed overexpression of Nrf2/HO-
1 mRNA gene, which is consistent with earlier find-
ings.47,48

The Nrf2/HO-1 pathway is a critical redox mechanism
linked to oxidative stress and the production of NF-
kB.64,65 NF-kB is a crucial pro-inflammatory cytokines
regulator. By enhancing inflammatory cytokines,
decreased expression of Nrf2 leads to an increase in
the production of ROS and an increase in inflamma-
tion.66,67 NF-kB is elevated in response to oxidative
stress and downregulates Nrf2 expression, increasing
the ROS and elevating inflammation through enhancing
inflammatory cytokines. Nrf2 inhibits NF-kB, which
reduces pro-inflammatory cytokine transmission while
also activating antioxidant defenses.63,68 Antioxidants
have previously been shown to decrease NF-kB activation
induced by ROS and to suppress the production of
numerous inflammatory cytokines. Using immunohis-
tochemistry analysis, we found that NF-kB is enhanced
in ethanolic nontreated rats, as reported by others.25,48,56
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WGO showed that NF-kB expression was downregulated,
which might be related to WGO’s ROS-scavenging action.
This is the first study to show that WGO decreases
apoptosis and suppresses NF-kB in an ethanol-induced
GU model.

TGF-β1 is a key growth factor that has a healing impact
on the GU by inducing cell migration and enhanced vas-
cular proliferation, resulting in increased extracellular
matrix deposition.69 TGF-β1 may limit cell proliferation
in a number of cells; however, it can also promote angio-
genesis70, which is largely involved in the production of
VEGF, and it is responsible for developing extracellular
matrix components that perform an important role in
tissue regeneration and wound healing.71 TGF’s strong
immunoreactivity boosted epithelial cell proliferation in
gastric glands.72 We found a substantial decrease in TGF-
1 expression in the stomach of ethanolic nontreated rats,
but a significant rise in WGO treatment rats. According
to this discovery, high TGF-β1 term is a part of the nor-
mal healing response of stomach tissue in WGO therapy
rats.37,69

As discussed previously, WGO showed anti-inflamm-
atory and antioxidant impacts.21 It has essential polyun-
saturated fatty acids, such as linoleic and linolenic
acids and vitamin E, that have an antioxidative stress
effect.22 WGO has activity against liver disease; it was
found that WGO has the ability to protect against
oxidative stress and hepatotoxicity induced by the
immunosuppressive agent (cyclosporine A) and ben-
zene.73 Current findings added new role for WGO against
ethanol-induced gastric ulcer through the regulation of
different cytokines, apoptosis, and fibrosis-associated
genes.

In short, this study confirmed the clinical relevance of
usage WGO as a natural therapy can be used safely to
antagonize the adverse effects of ethanol against gastric
ulcer through the regulation of anti-inflammatory, anti-
apoptotic, and antioxidant activities.

5. Conclusion
WGO protected rats from ethanol-induced stomach
ulcers by lowering oxidative stress indicators and inflam-
matory markers. WGO restored the reduction in IL-1 and
TNF cytokines and decreased gastric volume and GUI,
while increased PGI. WGO upregulated Nrf2-mediated
HO-1 and stimulated the anti-inflammatory pathways
through the downregulation of NF-κB and upregulation
of IL-10, TGF-β1, and apoptotic/antiapoptotic-related
genes. The collective impacts induced by WGO against
ethanol-induced gastric ulcer and toxicity are shown in
Fig. 7.
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