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Abstract: Gastric ulcers have been treated over the years with proton pump inhibitors and histamine
(H2) receptor blockers. However, these medications have also been shown to cause side effects and
relapse. Stigmasterol, a plant sterol, has been shown to possess various therapeutic properties. This
study aimed to investigate the gastroprotective property of stigmasterol on ethanol-induced ulcer in
Wistar rats. Thirty-five male rats were divided into seven groups. Groups one and two served as the
normal and negative controls. Groups three and four were pretreated with 5 mg/kg and 10 mg/kg body
weight of stigmasterol, respectively. Group five received 20 mg/kg rabeprazole, group six was
pretreated with 50 mg/kg cimetidine, and group seven received 1% DMSO. Pretreatment was done for
seven days. The ulcer was induced on the 8" day by administering 1 mL of ethanol. Stigmasterol 10
mg/kg body weight had the highest percentage inhibition (85.04 %) when compared to rabeprazole
(52.22 %) and cimetidine (62.50 %). 5 mg/kg stigmasterol, 10 mg/kg stigmasterol, 20 mg/kg
rabeprazole and 50 mg/kg cimetidine pretreated groups significantly (p < 0.05) reduced ulcer index,
CRP, TNF-0, IL-6 concentrations and MDA level, but significantly (p < 0.05) increased SOD and
catalase (CAT) activities when compared with the negative control.

Keywords: gastroprotective; cimetidine; ethanol; gastric ulcer; rabeprazole; stigmasterol, plant
sterol.
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1. Introduction

Gastric ulcers are lesions in the mucosa of the stomach lining that extend through the
muscularis mucosa, these breaks (lesions) are usually larger than 5 mm in diameter, and
modifications in the gastric mucosa brought on by alterations in the stomach's defensive
mechanisms may lead to erosion and, finally, ulceration of the stomach lining [1]. The two
most frequent causes of stomach ulcers are gastric prostaglandin loss brought on by non-
steroidal anti-inflammatory drugs and Helicobacter pylori (H. pylori) bacterium infection [2].
Gastric ulcer disease is recognized by discontinuity in the gastrointestinal (GI) tract's inner
lining. It penetrates the stomach epithelium's muscularis propria layer. Usually, the stomach
and proximal duodenum are affected. It might also affect the distal duodenum, jejunum, or
lower oesophagus. Patients with gastric ulcers typically have epigastric pain 15 to 30 minutes
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after eating; in contrast, patients with duodenal ulcers typically experience pain 2-3 hours after
eating [3].

According to studies [4], the likelihood of developing stomach ulcers rises with age. Its
prevalence is the same for both men and women. In the United States population, the frequency
of H. pylori infection at age 60 is close to 50%. The peak incidence of ulcer disease occurs
between the ages of 55 and 65, and it is now a disease that primarily affects older people [3].
35% of patients who are diagnosed with stomach ulcers may experience serious side effects, it
has been known from research that smoking increases the relative risk of getting stomach ulcers
by two times, compared to non-smokers [3]. 5 to 10% of individuals will develop an ulcer in
their lifetime, which is likely an underestimation of the disease's incidence because some
people may experience no symptoms [5]. According to WHO (2020), ulcer contributes 5,846
or 0.39% of total deaths in Nigeria, and up to 10 % of the world's population may be impacted
by gastric ulcers. Each year, 500,000 new cases are reported, affecting 5 million people in the
United States (US) alone [3].

Proton pump inhibitors (PPIs) and histamine (H2) receptor antagonists, the two
common therapies for gastric ulcers, have been shown, however, to cause side effects, relapses,
and a variety of pharmacological interactions; they might cause haematological abnormalities,
hypersensitivity, arrhythmia, gynecomastia, impotence, and kidney diseases [6]. On the other
hand, traditional medicine is a major contributor to primary healthcare globally. About 75—
80% of people in underdeveloped nations use traditional medicine, since it is more palatable to
local cultures and has fewer adverse effects [6,7]. Medicinal plants and the chemical
compounds they produce can be used to cure and prevent a wide variety of illnesses [8].

Numerous studies from our laboratory and elsewhere have demonstrated that traditional
medications can effectively prevent gastric ulcers in humans and various animal models [8-
15]. There is a need to find an alternative therapy that can protect against gastric ulcers with
better efficacy, affordability, accessibility, and fewer side effects.

Stigmasterol, also known as stigmasterin or the Wulzen anti-stiffness factor, is an
unsaturated phytosterol found in diverse botanical species [16]. According to [17], stigmasterol
has been found to play a role in both gravitropism and abiotic stress tolerance in plants. It is a
plant sterol with numerous therapeutic properties and also serves as a precursor in the
biosynthesis of diverse steroid hormones, such as androgens, a hormone called progesterone,
corticoids, and estrogens, as well as in the synthesis of vitamin D3 [16]. Stigmasterol has been
known to possess diverse pharmacological potentials, encompassing anti-
hypercholesterolemic, anticancer, hypoglycemic, antioxidant, and anti-inflammatory
properties [18]. Therefore, this study aimed to investigate the gastroprotective property of
stigmasterol on ethanol-induced ulcer in Wistar rats .

2. Materials and Methods

2.1. Chemicals.

Stigmasterol (Catalog Number - CFN97326) was procured from ChemFaces
Biochemical Co., Ltd., Wuhan, China, with a chemical purity of 98% as determined by high-
performance liquid chromatography (HPLC). Enzyme-linked Immunosorbent Assay (ELISA)
kits were procured from Elabscience Biotechnology Inc., Beijing, China. All other chemicals
and reagents used were of analytical grade.
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2.2. Animal grouping and treatment.

A total of 35 Wistar rats weighing 140 + 9 g on average were purchased from Babcock
University, located in Ilishan-Remo, Ogun State. The rats were kept in plastic cages for two
weeks, with a 12-hour light-dark cycle and a constant temperature of 25 + 2°C. They were
given free access to water and food, which was to allow them to get acclimatized to their
environment. After acclimatization, seven groups of five rats each were formed. For seven (7)
days, pretreatment, as shown in Table 1, was administered once a day. For this research, 5
mg/kg and 10 mg/kg stigmasterol were administered, which were selected based on previous
studies carried out by [19-21] on the effective doses of stigmasterol on inflammation and
oxidation.

Table 1. Animal grouping and treatment.

Group (Where n =5) Pretreatment

1 Distilled water

No pretreatment + 1 mL absolute ethanol
Pretreatment with 5 mg/kg stigmasterol + 1 mL absolute ethanol
Pretreatment with 10 mg/kg stigmasterol + 1 mL absolute ethanol
Pretreatment with 20 mg/kg rabeprazole + 1 mL absolute ethanol
Pretreatment with 50 mg/kg cimetidine + 1 mL absolute ethanol
Pretreatment with 1% DMSO + 1 mL absolute ethanol

~N (o0~ |w(N

2.3. Ulcer induction and quantification.

The rats were fasted overnight on day eight, but they were given free access to water.
After receiving an oral dose of 1 mL of 100% ethanol, the rats were euthanized after an hour.
The rats' stomachs were cut along the larger curvature and rinsed with 1.15% KCI to determine
the degree of ulceration, according to [22].

2.4. Quantification of ulceration.

The degree of ulceration in the rat and the percentage of inhibition were measured and
computed using the techniques outlined by [23].

Ulcer scores were calculated using the method of [23]

)] No lesion or bleeding =0

i) Bleeding and slight lesions between 0.5-1.0 mm =1

iii) Moderate lesions between 1.0 and 1.5 mm in size = 2

iv) Severe lesions between 1.5 - 2.5 mm in size = 3

V) Perforated lesions between 2.5 — 3.5 mm in size = 4

Sum of ulcer score

Ulcer Index (UI) = -
Rats ulceration count
1)
o ) Ul untreated category — Ul treated category
Percentage Inhibition of Ulceration = 100 x Ul untreated category
)

2.5. Collection of blood samples and preparation of serum.

To obtain blood samples, the rats were anesthetized using diethyl ether and
subsequently euthanized following completion of the treatment. The blood sample was
collected from the rats’ posterior vena cava using a needle and syringe. It was poured into a
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standard sample bottle. Subsequently, it was left to clot at room temperature for approximately
15 to 30 minutes, followed by centrifugation at 3000 x g for 10 minutes using a refrigerated
centrifuge. The serum was carefully decanted into a blood sample bottle. It was preserved at a
temperature of -20°C before being subjected to various biochemical analyses.

2.6. Stomach homogenate preparation.

The rats were euthanized, their stomachs, removed, rinsed, and cut along the greater
curvature, after which each stomach was divided into two. A portion of the stomachs was kept
in phosphate buffer, after which they were homogenized according to the methods reported by
[23]. The prepared stomach homogenates were stored at -20°C before analyses.

2.7. Calculation of total protein content.

The protein content of the different homogenates was assessed using the biuret
technique, as outlined by [24], with some adjustments made. Specifically, potassium iodide
was added to avoid the formation of cuprous oxide by the precipitation of Cu?* ions. To
enhance the stability of the complex, sodium potassium tartrate was included. Bovine Serum
Albumin (BSA) was used as the standard protein. Different dilutions of the stock solution were
prepared, and the Biuret reagent was added. The solution was left undisturbed at ambient
temperature for 30 minutes. Subsequently, the optical densities (OD) of the consequent
solutions were measured using a spectrophotometer at a wavelength of 540 nm. A blank
solution was used as a reference. A graph depicting the relationship between absorbance and
protein concentration was generated, and the proteins in the samples were determined by
extrapolating from the standard curve.

2.8. The quantification of c-reactive protein (CRP) levels.

The determination of C-reactive protein concentration was done using the method
described by [25].

A volume of 100 pL was extracted from each sample using a micropipette and
thereafter introduced into the well. A blank well was prepared by pouring 100 pL of a 5 pg/mL
CRP standard into it. A volume of 100 puL of CRP enzyme reagent was introduced into each
well, followed by gentle agitation and subsequent resting for 15 minutes. The wash buffer was
diluted with 250 mL of distilled water and thereafter used to undergo three rounds of thorough
washing. The wells were filled with 100 pL of the prepared working solution and left to
incubate at room temperature for 15 minutes.

A volume of 50 pL of the prepared stop solution was introduced into the wells and
gently agitated for 15 seconds. The absorbance was measured at a wavelength of 450 nm using
a plate reader, with a reference wavelength of 630 nm. The mean and standard deviation of the
absorbance were calculated using the absorbance values from the microplate reader.

2.9. The determination of tumor necrosis factor-alpha (TNF-a).

The concentration of serum TNF-a was determined using a commercially purchased rat
TNF-a enzyme-linked immunosorbent assay (ELISA) kit according to the method reported by
[26].

A volume of 100 pL was extracted from each sample using a micropipette and then
transferred into individual wells. The blank well was filled with 100 pL of TNF-Alpha Standard
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Working Solution at a concentration of 1000 pg/mL. The samples were incubated for 90
minutes at a temperature of 37°C. Following the termination of the procedure, the samples
were subjected to decantation, followed by the addition of 100 pL of Biotinylated detection Ab
working solution. The plates were covered and incubated for one hour at a temperature of 37°C.
The solutions underwent decantation, followed by the addition of a small quantity of wash
buffer. The resulting mixture was then patted dry by gently striking it against clean tissues.
This procedure was done three times. Subsequently, a volume of 100 pL of HRP conjugate
working solution was introduced into each well, followed by covering and incubation at a
temperature of 37°C for 30 minutes. The dishes were retrieved and subjected to five rounds of
washing before being patted dry. A volume of 90 pL of substrate reagent was introduced into
the wells and shielded from sunlight by placing the plates within a film. The plates were then
incubated at a temperature of 37°C for 15 minutes. The wells were filled with 50 uL of stop
solution, and the optical density was measured at 450 nm. The mean and standard deviation of
the mean were calculated using the optical density obtained from the microplate reader.

2.10. The determination of interleukin-6 (IL-6) concentration.

The concentration of serum IL-6 was determined using the ELISA technique as
reported by [26].

A volume of 100 pL was extracted from each sample using a micropipette and then
transferred into individual wells. The blank well was filled with 100 puL of IL-6 Standard
Working Solution at a concentration of 800 pg/mL. The samples were incubated for 90 minutes
at a temperature of 37°C. Following the termination of the procedure, the samples were
subjected to decantation, followed by the addition of 100 pL of Biotinylated detection Ab
working solution. The plates were covered and incubated for one hour at a temperature of 37°C.
The solutions underwent decantation, followed by the addition of a small quantity of wash
buffer. The resulting mixture was then patted dry by gently striking it against clean tissues.
This procedure was done three times. Subsequently, a volume of 100 pL of HRP conjugate
working solution was introduced into each well, followed by covering and incubation at a
temperature of 37°C for 30 minutes. The dishes were retrieved and subjected to five rounds of
washing before being patted dry. A volume of 90 pL of substrate reagent was introduced into
the wells and shielded from sunlight by placing the plates within a film. The plates were then
incubated at a temperature of 37°C for 15 minutes. The wells were filled with 50 uL of stop
solution, and the optical density was measured at 450 nm. The mean and standard deviation of
the mean were calculated using the optical density obtained from the microplate reader.

2.11. Concentration of malondialdehyde (MDA).

The concentration of MDA was assessed by quantifying the production of thiobarbituric
acid reactive substances (TBARS) in the sample, using the methodology outlined by [27].

A 400 pL of the test sample was combined with 1600 uL of Tris-KCI buffer, followed
by the addition of 500 pL of 30% TCA. Subsequently, a volume of 500 pL of 0.75% TBA was
introduced and subjected to a 45-minute temperature of 80°C in a water bath. After being
cooled to room temperature in ice, the sample was subjected to centrifugation at 3000 rpm for
10 minutes. The transparent liquid portion was collected, and the level of absorbance was
determined by comparing it to a standard solution of distilled water at a wavelength of 532 nm.
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The MDA level was determined by using an extinction coefficient of 0.156 uM-1cm-1, as
described by [28].

. _— . Absorb lume of mi
Lipid peroxidation (nmole MDA /mg protein = Sorbance X vorume ol mixture 3

Es532nm X Volume of sample x mg protein/mL
2.12. Determination of superoxide dismutase (SOD) activity.

The measurement of SOD activity was conducted using the [29] method.

A cuvette was used to combine 50 pL of the sample with 2.5 mL of the prepared
carbonate buffer and 300 uL of epinephrine. The mixture was mixed using inversion, and the
absorbance was measured at 30-second intervals for 2.5 minutes at a wavelength of 480 nm.
The reference cuvette used in this study was identical to the one used for the samples, with
water as a replacement.

(100 x Increase in absorbance per minute for sample)

% Inhibition = 100 —
% Inhibition Increase in absorbance per minute for blank

(4)
1 unit of SOD activity was given as the amount of SOD necessary to cause 50%
inhibition of the auto-oxidation of epinephrine.

2.13. Catalase (CAT) activity determination.

The determination of catalase activity was conducted using the [30] technique. This
technique relies on the decrease in absorbance seen at 240 nm when catalase breaks down
hydrogen peroxide. Although hydrogen peroxide does not exhibit a maximum absorbance at
this particular wavelength, its absorbance demonstrates a satisfactory correlation with
concentration, enabling its use in a quantitative experiment. The hydrogen peroxide solution
was made, and a volume of 2,950 pL was transferred into a 1 cm quartz cuvette. Subsequently,
50 pL of the sample was added to the cuvette. The solution was rapidly transferred to a
spectrophotometer after being inverted to ensure thorough mixing. The absorbance was
measured at a wavelength of 240 nm at 5-minute intervals.

AA,,, /min X reaction volume X dilution factor

Catalase activity = = pmole H,0,/min/mg protein

()

0.0436 x sample volume X mg protein/mL

2.14. Histopathological examination of stomach samples.

A portion of each of the stomach samples was kept in 10% formalin. Samples were
dehydrated by immersing them in ascending concentrations of alcohol solutions (70 -100%)
and paraffin. Slides of stomach slices of 4-5 um thickness were prepared and stained with
hematoxylin and eosin (H and E) and then analyzed under a light microscope at x 40, x 100,
and x 400. All slides were photographed with a Zeiss Axio photomicroscope.

2.15. Statistical analysis.

All data were expressed as mean + standard deviation of the mean and processed using
GraphPad Prism (Version 8). The difference in variance was analyzed by the one-way analysis
of variance (ANOVA). A post-hoc test was done using Bonferroni’s multiple comparison test.
Statistically significant results had p < 0.05.
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2.16. Ethical approval.

Ethical approval was obtained from the Babcock University Health and Research Ethics
Committee (BUHREC). Reference number, 915/23.

3. Results and Discussion

3.1. Images of stomachs after treatment with absolute ethanol.

Figure 1 shows representative images captured from each group. It was observed that
the negative group had the most severe injury (ulcer induction), followed by the group treated
with DMSO. Interestingly, treatment with varying doses of stigmasterol, rabeprazole, and
cimetidine brought about a reduced ulcer induction.

&7 0 AL el

Figure 1. Effect of stigmasterol on ethanol-induced gastric ulcer. (a) Normal control group; (b) Negative
control group; (c) 5 mg/kg stigmasterol; (d) 10 mg/kg stigmasterol; (¢) 20 mg/kg rabeprazole; (f) 50 mg/kg
cimetidine; (g) 1% DMSO.

This study used the method of ethanol induction, which involved administering 1 mL
of absolute ethanol per kilogram of body weight to the rats. The use of this approach has been
prevalent in various scientific research [9, 10, 12-15, 31]. This is similar to the harm induced
by alcohol intake, and it is employed to investigate the impacts of different substances on the
development and recovery of ulcers. The images displayed in Figure 1 showed the severity of
ulceration caused by ethanol administration in the negative group and DMSO pretreated group;
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this was evident by the bleeding observed. Moreover, this aligns with clinical manifestations
of ulceration, such as stomach bleeding, epigastric pain, nausea, and early satiety [2]. Ulcer
induction by ethanol may occur via the penetration and digestion of the gastric wall, facilitated
by the proteolytic and hydrolytic effects of ethanol when it comes into contact with the stomach
lining [15, 32].

3.2. Effect of stigmasterol on ethanol-induced mucosal injury (ulcer index).

Figure 2 shows that the stomach mucosa of the negative control suffered sufficient harm
from ethanol. The gastric ulcer index of the negative control group (2.80 + 0.45) was the
highest, with severe lesions between 1.5 - 2.5 mm in size, and significantly different (p < 0.05)
when compared with the pretreatment groups (reduction), aside from the DMSO group (2.4 £
0.55). The pretreated groups at 5 mg/kg stigmasterol, 10 mg/kg stigmasterol, rabeprazole, and
cimetidine showed reduced ulcer indices (1.40 + 0.55), (0.80 £ 0.45), (1.60 £ 0.55), and (1.20
+ 0.45), respectively.

Control

Ethanol

Stigmasterol 5 mg/kg +
Ethanol

Stigmasterol 10 mg/kg +
Ethanol

Rabeprazole 20 mg/kg +
Ethanol

Cimetidine 50 mg/kg +
Ethanol

1% DMSO

ad

Ulcer Index
N
1
&
o
o 0N oo

Pretreatment groups

Figure 2. Effect of stigmasterol on gastric ulcer index. a, b, ¢, and d indicate statistically significant differences
from the control, negative control (ethanol), 5 mg/kg stigmasterol, and 10 mg/kg stigmasterol, respectively
(p<0.05).

3.3. Effect of stigmasterol on percentage inhibition of ulceration.

Figure 3 shows that the stomach mucosa of the negative control group suffered severe
harm from ulceration by absolute ethanol.

1007 Stigmasterol 5 mg/kg +

Ethanol

80
Stigmasterol 10 mg/kg +
Ethanol

Rabeprazole 20 mg/kg +
Ethanol

Cimetidine 50 mg/kg +
Ethanol

= 1% DMSO

60

40

20+

% Inhibition of Ulceration

0_

Pretreatment groups

Figure 3. The percentage protection/inhibition by stigmasterol, rabeprazole, and cimetidine against ethanol-
induced gastric ulcer. c: significantly different from 5 mg/kg stigmasterol (p <0.05); d: significantly different
from 10 mg/kg stigmasterol (p <0.05); e: significantly different from 20 mg/kg rabeprazole (p <0.05); f:
significantly different from 50 mg/kg cimetidine (p <0.05).

A significant percentage inhibition of ulceration was observed when the negative
control group was compared with the 5 mg/kg stigmasterol, 10 mg/kg stigmasterol,
rabeprazole, and cimetidine pretreated groups, having the following inhibition rates (61.11%),
https://nanobioletters.com/ - 8of18
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(85.04%), (52.22%), (62.50%), respectively. This showed that the 5 mg/kg stigmasterol, 10
mg/kg stigmasterol, rabeprazole, and cimetidine provided a statistically significant increase in
protection against the formation of ulceration by ethanol.

Based on the findings, 10 mg/kg stigmasterol gave the highest protection against
ethanol, followed by cimetidine, 5 mg/kg stigmasterol, and rabeprazole. The groups pretreated
with 10 mg/kg stigmasterol and 50 mg cimetidine had a higher percentage of ulceration
inhibition, suggesting a more substantial decrease in ulcer development as a result of the
therapy. Based on empirical investigations, it has been shown that phytosterols, such as beta-
sitosterol and campesterol, have a gastroprotective quality and exhibit antiulcer effects against
tissue necrosis. From this study, 20 mg/kg rabeprazole also gave a significant inhibition against
the development of ulcers, as compared to the negative group. This may be attributed to the
fact that rabeprazole can inhibit gastric acid secretion (as a proton pump inhibitor) by
irreversibly inactivating the H*/K*- ATPase pump, which plays a crucial role in maintaining
gastric pH homeostasis [15, 33]. The 50 mg/kg cimetidine group had a notable reduction in
ulceration, which may be attributed to its role as a histamine H2 receptor antagonist [15, 34].
Cimetidine has garnered significant support in scholarly literature as an agent with antiulcer
qualities. It functions as a competitive inhibitor of histamine binding to histamine H2 receptors,
hence eliciting several pharmacological effects that contribute to its antiulcer effect [15, 34].

3.4. Effect of stigmasterol on c-reactive protein (CRP) concentration.

Figure 4 demonstrated a statistically significant difference (p < 0.05) between the
normal control (0.02 £ 0.01) and the negative control group (0.13 = 0.02), the 5 mg/kg
stigmasterol group (0.05 + 0.01), and the group treated with DMSO (0.07 £ 0.01). However,
no significant difference was observed when comparing the normal control to the cimetidine
group (0.03 + 0.01), the rabeprazole group (0.03 + 0.01), and the 10 mg/kg stigmasterol group
(0.03 £ 0.01). A statistically significant increase in the CRP level in the negative control group
was seen in comparison to the pretreatment groups. There was a statistically significant
difference seen between the group treated with 5 mg stigmasterol and the groups treated with
10 mg stigmasterol, rabeprazole, and cimetidine.

0.157 a = Control

B Ethanol
Stigmasterol 5 mg/kg +
0.104 Ethanol
abd g Stigmasterol 10 mg/kg +
ab Ethanol

0.054 be Rabeprazole 20 mg/kg +
bc Ethanol

CRP Level
(pg/ml)

Cimetidine 50 mg/kg +
Ethanol
= 1% DMSO

=
0.00-

Pretreatment groups

Figure 4. Effect of stigmasterol on CRP levels. a: p<0.05 vs. control; b: p <0.05 vs. negative control
(ethanol); c: p <0.05 vs. 5 mg/kg stigmasterol; d: p <0.05 vs. 10 mg/kg stigmasterol.

3.5. Effect of stigmasterol on tumour necrosis factor-alpha (TNF-a).

Figure 5 demonstrated a statistically significant difference (p < 0.05) between the
normal control group (0.01 £ 0.07) and the negative control group (0.02 £ 0.03), the 5 mg/kg
stigmasterol group (0.01 = 0.06), and the DMSO pretreated group (0.01 £ 0.01). However, no
significant difference was observed when comparing the normal control group with the 10
https://nanobioletters.com/ " 90f18
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mg/kg stigmasterol group (0.01 + 0.06), the rabeprazole group (0.01+ 0.01), and the cimetidine
group (0.01 =+ 0.07). A statistically significant increase in the negative control group was seen
in comparison to the pretreatment groups. There was a significant difference between the group
administered with 5 mg stigmasterol and the groups administered with rabeprazole and
cimetidine.

Control

Ethanol

Stigmasterol 5mg/kg +

Ethanol

Stigmasterol 10mg/kg +
Ethanol

Rabeprazole 20 mg/kg +
Ethanol

Cimetidine 50 mg/kg +

Ethanol

1% DMSO

0.034

0.02-
abd

TNF-@ Level
(pg/ml)
o
3

0.014

8
I8 00 O BO

0.00-

Pretreatment groups

Figure 5. Effect of stigmasterol on TNF-a concentrations. a: statistically significant compared to the control; b:
statistically significant compared to the negative control (ethanol); c: statistically significant compared to
5 mg/kg stigmasterol; d: statistically significant compared to 10 mg/kg stigmasterol.

3.6. Effect of stigmasterol on interleukin-6 (IL-6).

Figure 6 illustrates a significant difference (p < 0.05) when the normal control group
(0.01 £ 0.01) was compared with the negative control group (0.05 £ 0.03). A statistically
significant increase in the negative control group was seen in comparison to all the pretreatment
groups. There was a statistically significant difference observed between the group treated with
5 mg stigmasterol (0.02 = 0.07) and the group pretreated with cimetidine (0.01 + 0.07) and
DMSO pretreated groups (0.02 + 0.07). However, no significant difference was found when
comparing the groups pretreated with 10 mg stigmasterol and rabeprazole (0.01 = 0.08). A
statistically significant difference was seen between the group treated with 10 mg/kg
stigmasterol (0.01 + 0.01) and the group pretreated with DMSO.

a =3 Control
0.05 E Ethanol
Stigmasterol 5Smg/kg +
5 004 = Ethanol
25 ol Stigmasterol 10mg/kg +
3 %, 003 = Ethanol
1 e abed Rabeprazole 20 mg/kg +
| 4
=700 2 oad g abe Ethanol
0014 gm Cimetidine 50 mg/kg +
Ethanol
0.00- = 1% DMSO

Pretreatment groups

Figure 6. Effect of stigmasterol on IL-6 levels. a: p <0.05 vs. control; b: p <0.05 vs. negative control (ethanol);
c: p<0.05 vs. 5 mg/kg stigmasterol; d: p <0.05 vs. 10 mg/kg stigmasterol.

The induction of ulcers with the use of ethanol has been shown in this study to have a
significant impact on inflammatory cytokines like C-reactive protein (CRP), tumour necrosis
factor-alpha (TNF-a), and interleukin-6 (IL-6), as seen in Figures 4, 5 and 6 respectively, since
ethanol has been shown to induce oxidative stress, upregulate cytokine levels, and generate
reactive oxygen species, hence causing tissue damage and inflammation inside the stomach
region [15, 35]. From the results obtained, it was seen that ethanol induction increased the
production of these inflammatory cytokines. Hence, it induced inflammatory responses in the

rats. However, the rate of production of these inflammatory cytokines was reduced
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significantly with stigmasterol pretreatment. Studies have shown that stigmasterol reduces the
production of inflammatory cytokines. According to the literature [36], stigmasterol has
demonstrated anti-inflammatory properties by alleviating allergic airway inflammation,
attenuating inflammatory response via NF-«kB signalling [37], and suppressing phagocytosis
while inhibiting inflammatory mediators like TNF-o. Stigmasterol's ability to reduce
inflammatory cytokines like TNF-a is attributed to its impact on immune responses. Studies
have also shown that it can, along with other phytosterols, scavenge cytokines like TNF-a,
thereby reducing the inflammatory reaction induced by lipopolysaccharides (LPS) [38].

3.7. Effect of stigmasterol on malondialdehyde (MDA).

The results shown in Figure 7 indicated a significant difference (p < 0.05) between the
normal control group (0.15 = 0.08) and the negative control group (1.17 £+ 0.07), 5 mg/kg
stigmasterol group (0.57 £ 0.03), and DMSO pretreated group (0.68 £ 0.05). A significant
increase in the negative control group was seen in comparison to all the pretreatment groups.
There was a difference observed between the groups pretreated with 5 mg/kg stigmasterol and
the groups pretreated with rabeprazole (0.26 + 0.07) and cimetidine (0.21 = 0.02). A
statistically significant difference was observed between the group pretreated with 10 mg/kg
stigmasterol (0.26 £ 0.06) and the group pretreated with DMSO, but no significant difference
was observed when compared with groups pretreated with rabeprazole and cimetidine.

1.5

=3 Control
2 a B Ethanol
_ 5. = Stigmasterol 5 mg/kg +
g §-§ 1.0 Ethanol
5w Stigmasterol 10 mg/kg +
130 hd
<D,: i)’ 5 a E ™= Ethanol
2 Rabeprazole 20 mg/kg +
O £ 0.54
2 s £ bc be = Ethanol
2 be o Cimetidine 50 mg/kg +
Ethanol
0.0- = 1% DMSO
Pretreatment groups

Figure 7. Effect of stigmasterol on MDA levels, a: statistically significant compared to the control; b:
statistically significant compared to the negative control (ethanol); c: statistically significant compared to
5 mg/kg stigmasterol; d: statistically significant compared to 10 mg/kg stigmasterol.

The impact of ethanol and stigmasterol on malondialdehyde (MDA), a marker of
oxidative stress, has been shown in this research , as seen in Figure 7. Ethanol increased the
production of malondialdehyde, a product of lipid peroxidation and a marker of oxidative
stress. Ethanol metabolism is known to generate reactive oxygen species (ROS) and free
radicals [39]. However, pretreatment with stigmasterol showed reduced production of MDA.
Stigmasterol has been shown in the literature to alleviate oxidative stress and reduce MDA
levels in various studies. It acts as an antioxidant, preventing the deleterious effects of ethanol
in conditions like alcoholic liver disease.

3.8. Effect of stigmasterol on superoxide dismutase (SOD).

Figure 8 presented statistical significance (p < 0.05) in the comparison between the
normal control group (5.20 £ 0.33) and the negative control group (0.73 £ 0.12), the 10 mg/kg
stigmasterol group (6.02 = 0.36), and the DMSO pretreated group (2.65 + 0.42). However, no
significant difference was observed when comparing the normal control group to the 5 mg/kg
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stigmasterol group (4.80 + 0.47), the rabeprazole group (5.57 = 0.45), and the cimetidine
pretreated group (5.48 = 0.41). The statistically significant decrease in the negative control
group was seen in comparison to all of the pretreatment groups. The group administered 5 mg
stigmasterol exhibited a statistically significant difference compared to the groups given 10 mg
stigmasterol and DMSO. However, no significant difference was seen when comparing the
groups treated with rabeprazole and cimetidine. A statistically significant difference was seen
between the group treated with 10 mg/kg of stigmasterol and the group treated with DMSO.

Control
Ethanol
Stigmasterol 5 mg/kg +
Ethanol
Stigmasterol 10mg/kg +
Ethanol

Rabeprazole 20 mg/kg +
Ethanol

Cimetidine 50 mg/kg +
Ethanol

1% DMSO

~
o
1

abcbb
b T

abed

SOD activity
(moles of epinephrine
oxidized/min/mg protein)
w
($a)

1

o
o

Pretreatment groups

Figure 8. Effect of stigmasterol on SOD activities. a: statistically significant compared to the control; b:
statistically significant compared to the negative control (ethanol); c: statistically significant compared to
5 mg/kg stigmasterol; d: statistically significant compared to 10 mg/kg stigmasterol.

3.9. Effect of stigmasterol on catalase (CAT).

Figure 9 demonstrated a statistically significant difference (p < 0.05) between the
normal control group (2.99 + 0.4) and the negative control group (0.40 £ 0.09), 5 mg/kg
stigmasterol group (2.21 £ 1.14), rabeprazole (2.69 + 0.03), cimetidine (2.76 £ 0.04), and
DMSO groups (1.59 £ 0.05). However, no difference was observed when comparing the
control to the 10 mg/kg stigmasterol group (2.85 £ 0.11). A significant decrease in the negative
control group was observed in comparison to all of the pretreatment groups. The group that
received 5 mg stigmasterol exhibited a statistically significant difference in comparison to 10
mg stigmasterol, rabeprazole, and cimetidine pretreatment groups. A statistically significant
difference was seen between the group treated with 10 mg/kg of stigmasterol and the group
pretreated with DMSO.

. =3 Control

- Em Ethanol

S .

o Stigmasterol 5 mg/kg +
g% £ 3 be abe  aoc B Ethanol

(%2}
255 ab = Stigmasterol 10 mg/kg +
g S s . Ethanol
292 abed = Rabeprazole 20 mg/kg +
% E = Ethanol
02 E 1 Cimetidine 50 mg/kg +

g a = Ethanol

= 1% DMSO

Pretreatment groups

Figure 9. Effect of stigmasterol on the CAT activities of ethanol-induced gastric ulcer. a: p <0.05 vs. control; b:
p <0.05 vs. negative control (ethanol); c: p <0.05 vs. 5 mg/kg stigmasterol; d: p <0.05 vs. 10 mg/kg
stigmasterol.

The effects of stigmasterol on antioxidant enzymes like superoxide dismutase (SOD)
and catalase, as seen in Figures 8 and 9, respectively, are crucial in understanding
stigmasterol’s impact on oxidative stress. According to the result obtained, induction with
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ethanol brought about antioxidant damage, as well as oxidative stress, which led to an increased
level of malondialdehyde (MDA) and a subsequent decrease in antioxidant enzymes (catalase
and superoxide dismutase activity). Stigmasterol, however, did not lead to a decrease in
catalase and SOD activity. It has been shown to possess antioxidant properties, which can
impact antioxidant enzymes like catalase and SOD. Studies suggest that stigmasterol can
alleviate oxidative stress and reduce MDA levels, indicating its potential to modulate
antioxidant enzyme activity [40]. Also, the synergistic effect of stigmasterol on antioxidant
activity has been reported, suggesting its ability to enhance the antioxidant defence system.
This enhancement may contribute to the reduction of oxidative stress biomarkers like MDA
and an increase or maintenance of the activity of Catalase and SOD.

3.10. Histopathology.

Figure 10 displays the photomicrograph of the groups taken at x100 H&E
magnifications, respectively.

Figure 10. Microscopic effect of MEC on ethanol-induced gastric ulcer. (a) Normal x100 H&E section
shows no disruption of surface epithelium with neither oedema nor leucocyte infiltration of the sub-mucosal
layers; (b) ethanol x100 H&E section shows that there was severe disruption to the surface epithelium and
oedema of the sub-mucosal layer with leucocytes infiltration; (c) and (d) stigmasterol 5 mg/kg and
stigmasterol 10 mg/kg x100 H&E section show an improvement of mucus secretion disorders and also
increased protein expression; (e) rabeprazole 20 mg/kg x100 H&E section shows that rabeprazole has no
significant effect on lesions healing but promoted inhibition of gastric acid secretion and also an increase in
the intragastric pH; (f) cimetidine 50 mg/kg x100 H&E section shows a suppressed increase in mucosal
abrasion and promote lesion healing, inhibits gastric acid secretion; (g) 1% DMSO x100 H&E section shows
an expression of superficial damage, noticed at the corpus mucosa.
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As seen in Figure 10c and Figure 10d, administration of stigmasterol at a dose of 5
mg/kg and 10 mg/kg resulted in enhanced mucus production, alleviation of lesions , and
increased protein expression. This indicated a favourable alteration in mucus production, a
potential resolution of previous abnormalities, and an increase in protein expression within the
investigated tissue. This result suggested that the pretreatment of stigmasterol at a dose of 5
mg/kg in the rats led to the restoration of normal mucus function and improved tissue health.
As shown in Figure 10e, the administration of rabeprazole did not have any statistically
significant impact on the healing of lesions. However, it demonstrated the ability to limit the
release of gastric acid, which resulted in an elevation in the intragastric pH. This finding
suggests that while rabeprazole did not have a significant effect on the repair of lesions, it did
have a beneficial influence on decreased gastric acid output and increased pH levels in the
stomach. This finding implied a possible therapeutic advantage in managing acid-related
problems inside the stomach milieu. Based on the result from Figure 10f, it was observed that
the administration of cimetidine resulted in a reduction in mucosal abrasion, facilitated the
healing of lesions, and decreased the production of stomach acid. The study observed a strong
protective impact of acute gastric mucosal damage, specifically in terms of the total area of
erosions in the stomach. The findings indicated that cimetidine had a protective impact on acute
gastric mucosal injury, perhaps leading to a decrease in tissue erosion and an improvement in
the healing mechanism. Furthermore, the suppression of gastric acid production and the
elevation of intragastric pH had a beneficial effect in regulating acid-related conditions inside
the gastric region. According to Figure 10g, the application of DMSO resulted in the
observation of superficial injury specifically at the corpus mucosa. The result suggested that
there was observable damage to the outermost layer of cells at the corpus mucosa.

3.11. Histopathology.

Figure 11 illustrates the proposed mechanism of action of stigmasterol, as derived from
the findings of the study

T [ T

. o0 'l Pretreatment ( l b

Ethanol Administration Stigmasterol
(1 mL absolute ethanol)

Gastric Mucosa

Gastroprotection Possible mechanism
by stigmasterol
Macroscopic lesions

Microscopic lesion ( | Ulcer index )

\
oL

Inhibits Free Supresses Inflammation Increases Antioxidant
Radical Damage ([ CRR NA) Activity
(MDA) (tcartsop)

Figure 11. Proposed mechanism of action of stigmasterol.
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4. Conclusions

The gastroprotective property of stigmasterol has been demonstrated through its
efficient mitigation of ulceration, inflammatory reaction, and oxidation, induced by ethanol
administration. Ethanol substantially impacted the ulcer index, levels of inflammatory
cytokines (CRP, TNF-o0, and IL-6), and MDA, and reduced the activities of antioxidant
enzymes (SOD and CAT). Interestingly, stigmasterol at doses of 5 mg/kg and 10 mg/kg body
weight demonstrated significant suppression of ulceration, inflammatory cytokine
concentrations, and lipid peroxidation (MDA level). It also significantly increased protection
against ulceration, TNF-a, and IL-6 activities in the treated rats. This study has successfully
demonstrated that stigmasterol exhibited significant gastroprotective properties. Further
research is recommended to look into the isolation of stigmasterol from plant sources in ulcer
studies. This could help develop cheaper and more effective drugs in preventing and treating
ulcers.

Author Contributions

Conceptualization, A.A.A.K.; methodology, A.AAAK. and R.E.O.; software, R.E.O,;
validation, A, A.AK., and R.E.O.; formal analysis, R.E.O.; investigation, R.E.O., F.M.O.,
G.0.A,, and B.B.O.; resources, A A AK, RE.O., FM.O., G.O.A,, and B.B.O.; data curation,
A.A.A.K.; writing—original draft preparation, R.E.O., F.M.O., G.0.A., and B.B.O.; writing—
review and editing, R.E.O.; visualization, R.E.O., and F.M.O.; supervision, A.A.A.K.; project
administration, A.A.A.K.; funding acquisition, R.E.O., F.M.O., G.O.A,, and B.B.O. All
authors have read and agreed to the published version of the manuscript.

Institutional Review Board Statement

The animal study protocol was approved by the Ethics Committee of BABCOCK
UNIVERSITY (BUHREC 915/23 approved on 12" March, 2023)

Informed Consent Statement

Not applicable.

Data Availability Statement

Data supporting the findings of this study are available upon reasonable request from the
corresponding author.

Funding
This research received no external funding.
Acknowledgments

The authors acknowledged the support, in terms of facilities and equipment, given to them by
the Department of Biochemistry, Babcock University, during the course of this research.

Conflicts of Interest

The authors declare no conflict of interest.
https://nanobioletters.com/ 15 of 18


https://doi.org/10.33263/LIANBS143.140
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS143.140

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Woolf, A.; Rehman, R. B.; Rose, R. Gastric Ulcer. In StatPearls, Publisher: StatPearls Publishing, Treasure
Island, Florida, 2023.

Malik, T.; Gnanapandithan, K.; Singh, K. Peptic Ulcer Disease. StatPearls Publishing, 2023.

Jaswanth, K.; Kumar, K.C.; Venkatesh, P. A Review on Gastric Ulcer. J. Pharm. Med. and Health Sci.
2022, 5, 19-26, https://doi.org/10.37022/jpmhs.v5il.73.

Barchi, A.; Miraglia, C.; Violi, A.; Cambié, G.; Nouvenne, A.; Capasso, M.; Leandro, G.; Meschi, T.; De’
Angelis, G. L.; Di Mario, F. A non-invasive method for the diagnosis of upper Gl diseases. Acta Bio-
Medica; Atenei Parmensis. 2018, 89, 40-43, https://doi.org/10.23750/abm.v89i8-S.7917.

Kayali, S.; Manfredi, M.; Gaiani, F.; Bianchi, L.; Bizzarri, B.; Leandro, G.; di Mario, F.; Luigi de’ Angelis,
G. Helicobacter pylori, transmission routes and recurrence of infection: state of the art. Acta Bio Medica:
Atenei Parmensis 2018, 89, 72-76, https://doi.org/10.23750/abm.v89i8-S.7947.

Mekonnen, A.N.; Asrade Atnafie, S.; Wahab Atta, M.A. Evaluation of Antiulcer Activity of 80% Methanol
Extract and Solvent Fractions of the Root of Croton macrostachyus Hocsht: Ex Del. (Euphorbiaceae) in
Rodents. Evid.-Based Complementary Altern. Med. 2020, 1-11, https://doi.org/10.1155/2020/2809270.
Kumar, M.; Niyas. K,M.; Tamizh Mani, T.; Fasalu Rahiman, O.M.; Satya Kumar, B. A review on medicinal
plants for gastric ulcer. Der Pharmacia Lett. 2011, 3, 180-186.

Bi, W.-P.; Man, H.-B.; Man, M.-Q. Efficacy and safety of herbal medicines in treating gastric ulcer: A
review. World J. Gastroenterol. 2014, 20, 17020-17028, https://doi.org/10.3748/wjg.v20.i45.17020.
Kayode, A.A.A.; Kayode, O.T.; Odetola, A.A. Anti-ulcerogenic activity of two extracts of Parquetina
nigrescens and their effects on mucosal antioxidant defense system on ethanol-induced ulcer in rats. Res.
J. Med. Plants 2009, 3, 102-108. https://doi.org/10.3923/rjmp.2009.102.108

Kayode, A.A.A.; Sonibare, M.A.; Moody, J.O. Antiulcer activities of Securidaca longepedunculata Fres.
(Polygalaceae) and Luffa cylindrica Linn. (Cucurbitaceae) in Wistar rats. Niger. J. Nat. Prod. Med. 2015,
19(9), 85-91. https://www.ajol.info/index.php/njnpm/issue/view/12622

Kayode, A.A.A.; Lawal, B.A.; Abdullahi, A.A.; Sonibare, M.A.; Moody, J.O. Medicinal plants used in the
treatment of gastric ulcer in Southwestern and North Central Nigeria. Res. J. Med. Plants 2019, 13(4), 119-
128. https://doi.org/10.3923/rjmp.2019.119.128

Kayode, A.A.A.; Sonibare, M.A.; Moody, J.O. Antiulcerogenic activity of eight chromatographic fractions
of ethyl acetate leaf extracts of Securidaca longepedunculata Fres. (Polygalaceae) and Luffa cylindrica (L.)
Roem. (Cucurbitaceae). Orient. J. Chem. 2020, 36(1), 100-105.
http://www.orientjchem.org/toc/?vol=36&no=1

Okeke, C.U.; Olayemi, 1.0.; Kayode, A.A.A. Gastroprotective effect of methanol extract of Cucumis
sativus L. (cucumber) on ethanol-induced ulcer in Wistar rats. Lett. Appl. NanoBioSci. 2024a, 12, Article
in Press. https://doi.org/10.33263/LIANBS120.000

Olayemi, 1.0.; Soremekun, O.E.; Kayode, A.A.A. Gastroprotective effect of ginsenoside Re on ethanol-
induced ulcer in Wistar rats. Lett. Appl. NanoBioSci. 2024b, 12, Article in Press.
https://doi.org/10.33263/LIANBS120.000

Makanju, D.l.; Kayode, O.T.; Kayode, A.A.A. Protective potential of the combination of cucumber
(Cucumis sativus) and cabbage (Brassica oleracea) on ethanol-induced ulcer in male Wistar rats. Funct.
Food Sci. 2025, 5(3), 68-84. https://doi.org/10.31989/ffs.v5i3.1363

Kaur, N.; Chaudhary, J.; Jain, A.; Kishore, L. Stigmasterol: A Comprehensive Review. Int. J Pharm. Sci
Res. 2011, 2, 2259-2265.

Aboobucker, S. I.; Suza, W. P. Why Do Plants Convert Sitosterol to Stigmasterol?. Front. Plant Sci. 2019,
10, https://doi.org/10.3389/fpls.2019.00354.

El-Tantawy, A. A.; Azoz, S. N. Enhancement of growth and increased productivity of fresh herb and
aromatic oil in basil plant by foliar application with stigmasterol. J. Med. Botany. 2019, 07-13.

Ghosh, T.; Maity, T. K.; Singh, J. Evaluation of antitumor activity of stigmasterol, a constituent isolated
from Bacopa monnieri Linn aerial parts against Ehrlich Ascites Carcinoma in mice. Orient. Pharm. Exp.
Med. 2011, 11, 41-49, https://doi.org/10.1007/s13596-011-0001-y.

Antwi, A. O.; Obiri, D. D.; Osafo, N.; Essel, L. B.; Forkuo, A. D. Atobiga, C. Stigmasterol Alleviates
Cutaneous  Allergic  Responses in  Rodents. BioMed  Res. Int. 2018, 1-13,
https://doi.org/10.1155/2018/3984068.

https://nanobioletters.com/ 16 of 18


https://doi.org/10.33263/LIANBS143.140
https://nanobioletters.com/
https://doi.org/10.37022/jpmhs.v5i1.73
https://doi.org/10.23750/abm.v89i8-S.7917
https://doi.org/10.23750/abm.v89i8-S.7947
https://doi.org/10.1155/2020/2809270
https://doi.org/10.3748/wjg.v20.i45.17020
https://doi.org/10.3923/rjmp.2009.102.108
https://www.ajol.info/index.php/njnpm/issue/view/12622
https://doi.org/10.3923/rjmp.2019.119.128
http://www.orientjchem.org/toc/?vol=36&no=1
https://doi.org/10.33263/LIANBS120.000
https://doi.org/10.3389/fpls.2019.00354
https://doi.org/10.1007/s13596-011-0001-y
https://doi.org/10.1155/2018/3984068

https://doi.org/10.33263/LIANBS143.140

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

Bakrim, S.; Benkhaira, N.; Bourais, I.; Benali, T.; Lee, L.-H.; El Omari, N.; Sheikh, R. A.; Goh, K. W;
Ming, L. C.; Bouyahya, A. Health Benefits and Pharmacological Properties of Stigmasterol. Antioxid. 2022,
11, 1912, https://doi.org/10.3390/antiox11101912.

Kayode, A.A.A.; Sonibare, M.A.; Moody, J.O. Antiulcerogenic Activity of Eight Chromatographic
Fractions of Ethyl Acetate Leaf Extracts of Securidaca Longepedunculata Fres. (Polygalaceae) and Luffa
Cylindrica (1.) Roem. (Cucurbitaceae). Orient. J. Chem. 2020, 36, 100, http://doi.org/10.13005/0jc/360113.
Kayode, A.A.A.; Sonibare, M.A.; Moody, J.O. Antiulcer Activities of Securidaca Longepedunculata Fres.
(Polygalaceae) and Luffa Cylindrica Linn. (Cucurbitaceae) In Wistar Rats. Nig. J. Nat. Prod. Med. 2015,
19, 85-91, https://doi.org/10.4314/njnpm.v19i0.9.

Gornall, A.G.; Bardawill, C.J.; David, M.M. Determination of serum proteins by means of the biuret
reaction. J. Bio. Chem. 1949, 177, 751-766, https://doi.org/10.1016/s0021-9258(18)57021-6.

Rifai, N.; Joubran, R.; Yu, H.; Asmi, M.; Jouma, M. Inflammatory Markers in Men with Angiographically
Documented Coronary Heart Disease. Clin. Chem. 1999, 45, 1967-1973,
https://doi.org/10.1093/clinchem/45.11.1967.

Syed, R. U.; Moni, S. S.; Lila, A. S. A.; Abdallah, M. H.; Abouzied, A. S.; Banu, H.; Alreshidi, K. S. M.;
Alrashidi, B. M. W.; Hadi, M. A.; EI-Horany, H.; Abdelwahab, S. I.; Taha, M. M. E. Spectral Analysis and
Antiulcer Potential of Lactuca sativa through the Amelioration of Proinflammatory Cytokines and
Apoptosis Markers. Life 2022, 12, 1641, https://doi.org/10.3390/1ife12101641.

Varshney, R.; Kale, R.K. Effects of Calmodulin Antagonists on Radiation-induced Lipid Peroxidation in
Microsomes. Int. J. Radiat. Biol. 1990, 58, 733-743, https://doi.org/10.1080/09553009014552121.
Adam-Vizi, V.; Seregi, A. Receptor independent stimulatory effect of noradrenaline on Na,K-ATPase in
rat brain homogenate. Biochem. Pharmacol. 1982, 31, 2231-2236, https://doi.org/10.1016/0006-
2952(82)90106-x.

Misra, H. P.; Fridovich, I. The Role of Superoxide Anion in the Autoxidation of Epinephrine and a Simple
Assay for Superoxide Dismutase. Journal of Biological Chemistry 1972, 247, 3170-3175,
https://doi.org/10.1016/s0021-9258(19)45228-9.

Claiborne, A. Catalase activity. In Handbook of Methods for Oxygen Radical Research; Greenwald R. A.,
Ed.; Publisher: Boca Raton, 1985; pp. 283-284.

Shams, S.G.E.; Eissa, R.G. Amelioration of ethanol-induced gastric ulcer in rats by quercetin: implication
of Nrf2/HO1 and HMGB1/TLR4/NF-xB pathways. Heliyon, 2022, 8,
https://doi.org/10.1016/j.heliyon.2022.e11159.

Rahman, Z.; Dwivedi, D.; Jena, G. Ethanol-induced gastric ulcer in rats and intervention of tert-
butylhydroquinone: Involvement of Nrf2/HO-1 signalling pathway. Hum. Exp. Toxicol. 2019, 39, 547—
562, https://doi.org/10.1177/0960327119895559.

Dadabhai, A.; Friedenberg, F. K. Rabeprazole: a pharmacologic and clinical review for acid-related
disorders. Expert Opin. Drug Saf 2009, 8, 119-126, https://doi.org/10.1517/14740330802622892.
Drugbank. Cimetidine. Go.drugbank.com, 2023a, Available online:
https://go.drugbank.com/drugs/DB00501 (accessed on 26 January 2024).

Raish, M.; Shahid, M.; Jardan, Y. A. B.; Ansari, M. A.; Alkharfy, K. M.; Ahad, A.; Abdelrahman, I. Y_;
Ahmad, A.; Al-Jenoobi, F. I. Gastroprotective Effect of Sinapic Acid on Ethanol-Induced Gastric Ulcers
in Rats: Involvement of Nrf2/HO-1 and NF-«B Signaling and Antiapoptotic Role. Front. Pharmacol. 2021,
12, https://doi.org/10.3389/fphar.2021.622815.

Zhang, J.; Zhang, C.; Miao, L.; Meng, Z.; Gu, N.; Song, G. Stigmasterol alleviates allergic airway
inflammation and airway hyperresponsiveness in asthma mice through inhibiting substance-P receptor.
Pharm. Biol. 2023, 61, 449-458, https://doi.org/10.1080/13880209.2023.2173252.

Jie, F.; Yang, X.; Yang, B.; Liu, Y.; Wu, L.; Lu, B. Stigmasterol attenuates inflammatory response of
microglia via NF-kB and NLRP3 signaling by AMPK activation. Biomed. Pharmacother. 2022, 153,
113317-113317, https://doi.org/10.1016/j.biopha.2022.113317.

Yuan, L.; Zhang, F.; Shen, M.; Jia, S.; Xie, J. Phytosterols Suppress Phagocytosis and Inhibit Inflammatory
Mediators via ERK Pathway on LPS-Triggered Inflammatory Responses in RAW?264.7 Macrophages and
the Correlation with Their Structure. Foods. 2019, 8, 582, https://doi.org/10.3390/foods8110582.
Comporti, M.; Signorini, C.; Leoncini, S.; Gardi, C.; Ciccoli, L.; Giardini, A.; Vecchio, D.; Arezzini, B.
Ethanol-induced oxidative stress: basic knowledge. Genes. Nutr. 2009, 5, 101-109,
https://doi.org/10.1007/s12263-009-0159-9.

https://nanobioletters.com/ 17 of 18


https://doi.org/10.33263/LIANBS143.140
https://nanobioletters.com/
https://doi.org/10.3390/antiox11101912
http://doi.org/10.13005/ojc/360113
https://doi.org/10.4314/njnpm.v19i0.9
https://doi.org/10.1016/s0021-9258(18)57021-6
https://doi.org/10.1093/clinchem/45.11.1967
https://doi.org/10.3390/life12101641
https://doi.org/10.1080/09553009014552121
https://doi.org/10.1016/0006-2952(82)90106-x
https://doi.org/10.1016/0006-2952(82)90106-x
https://doi.org/10.1016/s0021-9258(19)45228-9
https://doi.org/10.1016/j.heliyon.2022.e11159
https://doi.org/10.1177/0960327119895559
https://doi.org/10.1517/14740330802622892
https://go.drugbank.com/drugs/DB00501
https://doi.org/10.3389/fphar.2021.622815
https://doi.org/10.1080/13880209.2023.2173252
https://doi.org/10.1016/j.biopha.2022.113317
https://doi.org/10.3390/foods8110582
https://doi.org/10.1007/s12263-009-0159-9

https://doi.org/10.33263/LIANBS143.140

40. Kasprzak, M.; Rudzinska, M.; Juzwa, W.; Olejnik, A. Anti-proliferative potential and oxidative reactivity
of thermo-oxidative degradation products of stigmasterol and stigmasteryl esters for human intestinal cells.
Sci. Rep. 2023, 13, 7093, https://doi.org/10.1038/s41598-023-34335-0.

Publisher’s Note & Disclaimer

The statements, opinions, and data presented in this publication are solely those of the individual author(s) and
contributor(s) and do not necessarily reflect the views of the publisher and/or the editor(s). The publisher and/or
the editor(s) disclaim any responsibility for the accuracy, completeness, or reliability of the content. Neither the
publisher nor the editor(s) assume any legal liability for any errors, omissions, or consequences arising from the
use of the information presented in this publication. Furthermore, the publisher and/or the editor(s) disclaim any
liability for any injury, damage, or loss to persons or property that may result from the use of any ideas, methods,
instructions, or products mentioned in the content. Readers are encouraged to independently verify any
information before relying on it, and the publisher assumes no responsibility for any consequences arising from
the use of materials contained in this publication.

https://nanobioletters.com/ 18 of 18


https://doi.org/10.33263/LIANBS143.140
https://nanobioletters.com/
https://doi.org/10.1038/s41598-023-34335-0

