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Article Type ABSTRACT
Research Paper Background and Objective: There is increasing desire for pleiotropic plant-based remedies for the

treatment of peptic ulcer disease due to its prevalence and the challenges associated with existing
therapies. This research was conducted to investigate the effect of aqueous extract of Pleurotus tuber-
regium (PT) on ethanol induced peptic ulcer in male Wistar rats.

Methods: This animal experiment used 30 male Wistar rats. They were divided into five groups (6
rats each) namely: Normal control (Group A), Ulcer control (Group B), Ulcer+omeprazole treatment
(Group C), PT pre-treatment ulcer (Group D), and Ulcer+PT treatment (Group E). Peptic ulcer was
induced by administration of 1 ml of 80% ethanol orally to each animal from group B to E. Four
hours after the induction of gastric ulcer, the rats were sacrificed, the abdomen was opened to remove
the stomach for histological study and gastric content to determine the gastric juice volume (ml/4 h).
Data were analyzed using IBM SPSS Version 25.

Findings: Treatment of ulcer with PT in group E and omeprazole (group C) significantly decreased
the free acidity (E=0.83+0.20, C=1.20+0.11, p<0.05), total acidity (E=3.10+0.60, C=9.10+0.32,
p<0.05) and ulcer index (E=5.00£2.02, 7.83+4.04, p<0.05) in comparison with group B (free
acidity=3.06+1.09, total acidity=22.86+2.51 and ulcer index=32.83+1.74) and group D (free

Received: acidity=4.16+0.69, total acidity=17.06+£1.91 and ulcer index=35.66+1.96). Group E showed higher
Jun 19t 2022 percentage of ulcer inhibition (84.77%) than group C (76.15%), while group D showed no inhibition.
Revised: Also, there were improvements in the macroscopic and microscopic structure of the stomach tissue.

Conclusion: The results of this study showed that P. tuber-regium extract could serve as a better

d
Sep 3% 2022 alternative to standard anti-ulcer drugs and considering that it is nutraceutical, it is a safe and more
Accepted: affordable alternative for the treatment of peptic ulcer.
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Introduction

Peptic ulcer disease (PUD) is a prevalent disease of the gastrointestinal tract (GIT), and globally affects
about 4 million people annually and accounts for about 5-10% mortality worldwide (1-3). Clinically, PUD
is averred as the damage to the mucosal lining of the GIT appearing as sores of at least 0.5cm diameter in
endoscopic evaluation (4). Numerous factors/damaging agents such as acid, pepsin, bile acids, food
ingredients, alcohol addiction, long-term use of non-steroidal anti-inflammatory drugs (NSAIDSs), substance
abuse, smoking, radiation therapy and Helicobacter pylori (H. pylori) infection have been associated with
the pathogenesis and exacerbation of peptic ulcer (5-7). Ulcerations or sores occur when stomach acids
damage the lining of the GIT stirred by the instability between causative agents (i.e. H. pylori, free radicals,
pepsin and acid) and the protective lining of the mucosa (i.e. mucus, bicarbonate and prostaglandins) factors
in stomach (5, 8).

The treatment and management of PUD is centered on repression of acid secretion via proton-pump
inhibitors (PPIs), H2-receptor antagonists, and anti-muscarinic agents, along with acid independent therapy
which is brought about by antibiotics against H. pylori. Although effective in reducing PUD mortality, these
drugs are expensive and could trigger some adverse effects such as hematopoietic changes, arrhythmia and
hypersensitivity, consequently affecting their usefulness and dependence. Hence, the need to find new drugs
having pleiotropic effects cannot be overemphasized and plant-based remedies have been ascribed to
provide us with diverse means of healing (9).

Edible mushroom have been identified to be rich in essential nutrients such as carbohydrates, protein,
vitamins, minerals, fats, fibers and contain pharmacologically active agents (10, 11). Edible mushrooms
have been identified and used as important feed additives for healthy living and certain diseases prevention
and treatment (12). Many Pleurotus species are identified to have therapeutic properties and have been
used for such purposes (12), and it has also been reported that herbs with potent antiapoptotic, antioxidant,
anti-inflammatory properties may provide alimentary tract protection (13). Pleurotus tuber-regium (PT)
also known as ‘tiger milk mushrooms or sclerotia producing mushroom’ is a tropical edible mushroom
found in Nigeria that produces the underground tuber or edible sclerotium and also mushroom above
ground (14). Importantly, they have been shown to have antitumor properties attributable to their
polysaccharides, antioxidant, antigenotoxic, bio-antimutagenic activities, anti-inflammatory activity,
antilipidemic, antihypertensive, antihyperglycemic activities, antibacterial and antifungal activities
(14, 15). Information on the ethnomedicinal use of P. tuber-regium shows it has been used locally in
treatment of children malnutrition, stomachache, stomach ulcer, constipation, fever, cold and headache
(16, 17).

In spite of advances made in therapeutic management of Peptic ulcer disease (PUD), its
prevalence, morbidity and mortality are still high and taking into consideration the reported antioxidant,
anti-inflammatory and antiapoptotic properties of PT plus the desire to have natural and less toxic
alternative anti-ulcer therapy, necessitated this study to screen the anti-ulcer activities of PT in peptic
ulcer induced male Wistar rats. Hence, the present study was conducted with the aim of evaluating the
anti-ulcer activities of aqueous extract of Pleurotus tuber-regium (PT) on ethanol induced peptic ulcer in
male Wistar rats.
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Methods

Study Design: This study adopted an animal experiment design.

Extraction procedure: Fresh wild Pleurotus tuber-regium (PT) was collected from a forest behind the
University of Nigeria Nsukka by a taxonomist with the Department of Plant Science and Biotechnology of
the University. The extraction was done according to the method of Ojo et al. Samples of PT were cut and
ground into powder using a blender (18). 100 g of the powdered sample was boiled in 1 L of distilled water
for 30 minutes and filtered using Whatman filter paper. The filtrate was evaporated to complete dryness,
forming a chocolate color solid residue of PT which was preserved in air and water proof vessel and kept in
a refrigerator, from which fresh preparations were made whenever required. Stock concentration; 1g of
prepared PT dissolved in 10ml of water to get agueous solution of PT. 1 g=1000 mg; 1000 mg/10 ml. Stock
solution=100 mg/ml.

Experimental Animals and Grouping: Thirty male Wistar rats weighting 150-180 g were bought from
the animal house of University of Nigeria, Nsukka. The animals were housed in standard polypropylene
cages, had access to food and water ad libitum and kept to acclimatize for 14 days under standard laboratory
conditions before the commencement of the study. The Wistar rats were pseudo-randomly distributed into
five groups of six rats per group. Group A) normal control, Group B) negative control (ulcer was induced
without treatment), Group C) ulcer was induced and standard ulcer treatment drug omeprazole was given,
Group D) received a pretreatment (Preventive) dose of 500 mg/kg of P. tuber-regium extract for 14 days
before the induction of ulcer, Group E) ulcer was induced and then extract of P. tuber-regium was
administered for 21 days (Curative) at a dose of 500 mg/kg.

Ethical Approval: The experimental protocol was performed according to the guidelines of the Committee
for Animal Care and Use of University of Nigeria and the study protocol was approved by the Research and
Ethics Committee, College of Medicine, University of Nigeria Enugu Campus (Protocol Code Number:
070/010/2020).

Experimental Procedure: Gastric ulcer was induced using the method of Okewumi and Oyeyemi (19).
Briefly, the rats were fasted for 48 hours with access to water; 1 ml of 80% ethanol was given via oral
gavage to each animal from group 2-5. Four hours following the induction of gastric ulcer, they were
euthanized; the abdomen of each animal was dissected to isolate the stomach and gastric content for
determination of the gastric juice volume (ml/4h) using a measuring cylinder.

The outcome measures such as acidity, severity index, gastric content and ulcer inhibition were evaluated
for ulcer judgment and antiulcer action of PT. 5 ml of distilled water was added to the gastric juice and the
issuing solution was centrifuged at 3,000 rpm for 10 min. Determination of gastric acidity in meg/l was
done in the supernatant volume using 0.0025 N of sodium hydroxide (NaOH) to titrate it to pH 7 (19).
Ulceration severity was graded in consonance with the scale by Kunchandy et al., which is a modification
of score: 0: Gray colored stomach-Normal, 0.5: Pink to red stomach coloration, 1: Spot ulcer, 1.5:
Hemorrhagic streak, 2: Ulcers number less than 5, 3: Ulcers numbers more than or equal to 5, 4: Ulcer with
bleeding, 5: Gastric/duodenal wall Perforation (20). Ulcer Index was calculated by addition of the total
number of ulcers and ulcer severity.

Ulcer inhibition percentage was calculated as follows:

Ulcer inhibition (%)= (Mean ulcer index of control - Mean ulcer index of test) x 100
Mean ulcer index of control
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The stomach was harvested and fixed in 10% saline for histological examination. The tissue was
processed in the histology laboratory and the slides were viewed with the aid of light microscope. The LDso
was found to be greater than 5000 mg/kg (10).

Histological Analysis: The harvested stomachs were fixed in 10% formaldehyde, were dehydrated and
cleared using paraffin and xylene. The tissues were then cut into slices of 4-5 mm and stained using
hematoxylin and eosin (H & E) stains and examined with a light microscope (21).

Statistical Analysis: Data were expressed as MeanzStandard error of mean (Mean+SEM) and statistically
evaluated using analysis of variance (ANOVA) followed by a post-hoc test using IBM SPSS software
version 25. A value of p<0.05 was considered statistically significant.

Results

A significant increase in free acidity, total acidity and ulcer index were detected in untreated rats with
ethanol-induced ulcer in contrast to the normal rats (1.83+0.44, 5.16+0.72 and 0.00+0.00, respectively).
However, treatment with P. tuber-regium (Curative Group E) and omeprazole (Group C) significantly
decreased the free acidity (E=0.83+0.20, C=1.20+0.11 at p<0.05 respectively), total acidity (E=3.10+0.60,
C=9.10£0.32 at p<0.05, respectively) and ulcer index (E=5.00£2.02, 7.83+4.04 at p<0.05, respectively) in
comparison with non-treatment ethanol-induced ulcer group B (free acidity=3.06+£1.09, total
acidity=22.86+2.51 and ulcer index=32.83+1.74, respectively) and preventive PT group D pretreatment
(free acidity=4.16+0.69, total acidity=17.06£1.91 and ulcer index=35.66+1.96 respectively). It was also
observed (Table 1) that post-treatment with PT for 21days (Group E= 84.77%) showed a higher inhibition
percentage of ulcer/ulcer healing index than omeprazole post-treatment (Group C= 76.15%). There were
however no significant differences in gastric volume across the groups.

Table 1. Effect of Aqueous Extract of Pleurotus tuber-regium on Ethanol-Induced Peptic Ulcer in
Male Wistar Rats

Groups Gastric volume | Free Acidity | Total Acidity | Ulcer Index % Inhibition
(ml) (mEg/L) (mEg/L) (mm) (Healing Index)
A 4.8+0.20 1.83+0.44 5.16+0.72 0.00+0.00" 100
B 4.0+0.00 3.06+1.09% 22.86+2.51%¢ | 32.83+1.74%¢ -
C 4.93+0.66 1.20+0.11b¢ 9.10+0.32" 7.83+4.04 76.15
D 4.86+1.33 4.16+0.69%¢ 17.06+1.91%¢ | 35.66+1.96% -
E 4.86+1.33 0.83+0.20 3.10+0.60 5.00+2.02% 84.77

Values are expressed as meanzstandard error of mean p<0.05. ®p<0.05 when compared with group A, ®"p<0.05 when
compared with group B, ©p<0.05 when compared with group C, ¥p<0.05 when compared with D, ©p<0.05 when compared
with group E.

A= control group, B= Ulcer group (Ethanol), C= Ulcer+Omeprazole group, D= Extract+Ulcer 500 mg/kg group
(pretreatment: Preventive), E= Ulcer+Extract 500mg/kg group (post-treatment: Curative).

Macroscopic Findings: The macroscopic examination of the stomach of the control group rats (Group A)

showed a robust pink color gastric mucosa with no gastric lesion (Fig 1A). The ethanol induced gastric ulcer
group without treatment (Group B) showed tissue reactions manifested as submucosa hemorrhage (Fig 1B).
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The omeprazole treated group (Group C) showed a healthy pink color gastric mucosa with no gastric lesion
(Fig 1C). The 500mg/kg P. tuber-regium extract pretreatment group (Group D) exhibited submucosa
thickening and hemorrhage (Fig 1D). The 500 mg/kg P. tuber-regium extract posttreatment group (Group
E) showed no gastric lesion, the mucosa color was normal and no thickening and hemorrhage of gastric
mucosa was observed (Fig 1E).

Figure 1. Photograph of Wistar rats stomach showing protective effect of P. tuber-regium extract on
the ethanol induced gastric ulceration in rats (groups A to E). A is normal control-showing no gastric
lesion, B is ulcer was induced without treatment-showing gastric lesion, C: ulcer was induced and
omeprazole treatment-showing no gastric lesion, D: given pretreatment dose of 500 mg/kg of P. tuber-
regium extract for 14 days before the induction of ulcer-gastric lesion present, E: ulcer was induced
and 500 mg/kg P. tuber-regium extract treatment for 21 days-shows no gastric lesion.

Microscopic/Histopathological Findings: The control group rats did not show any signs of pathological
changes or deterioration and there were no signs of hemorrhage and congestion (Fig 2A). The ethanol
induced gastric ulcer rats without treatment (Group B) exhibited moderate to severe ulcerated area within
the epithelium and submucosa, inter villus hemorrhage and severe inflammatory exudate (SIE) within the
submucosa (Fig 2B). The omeprazole treated rats (Group C) showed mild healing with moderate focal
ulcerated area (MFUA) within the epithelium and submucosa (Fig 2C). The 500 mg/kg P. tuber-regium
extract pretreatment rats (Group D) exhibited MFUA within the epithelium & SIE within the submucosa
(Fig 2D). The 500 mg/kg P. tuber-regium extract post-treatment rats (Group E) showed moderate healing
with mild inflammatory exudate (MIE) within the submucosa (Fig 2E).
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Figure 2. Photomicrograph of Wistar rats stomach tissues showing protective effect of P. tuber-
regium extract against the ethanol induced gastric ulceration in rats. Histological tissue sections were
stained with H&E stains (x150) (Groups A to E). Groups A- Showing normal muscularis externa
(ME), Mucosa (M), gastric pit (GP), muscularis mucosa (MM), Submucosa (SM) and blood vessel
(BV); Groups B- Showing moderate to severe ulcerated area within the epithelium and SM & severe
inflammatory exudate (SIE) within the SM; Groups C- Showing mild healing with moderate focal
ulcerated area (MFUA) within the epithelium and SM; Groups D- Showing MFUA within the
epithelium and SIE within the SM; Groups E- Showing moderate healing with mild inflammatory
exudate (MIE) within the SM.

Discussion

This study has for the first time demonstrated the therapeutic effect of Pleorutus tuber-regium in
attenuating ethanol-induced peptic ulcer in male Wistar rats. In this study, 80% ethanol-induced gastric
ulcer was confirmed as there was significant increase in total acidity of group B when compared with control
group A. Ethanol-induced stomach ulcer has been a popular animal model and one of the most widely used
experimental models in testing the efficacy of novel anti-ulcer drugs (22, 23), and it has advantage over
other ulcer models as its features resemble many features seen in acute human peptic ulcer prognosis (24,
25). The risk of ulcer in humans is often heightened by alcohol consumption as alcohol increases lipid
peroxidation and oxidative stress by the generation of reactive oxygen species (ROS) and oxidative stress
perform a vital role in peptic ulcer disease (7, 26). Ethanol administration induces gastric wounds or injuries
through dehydration which disrupts stomach mucosal barrier and cytotoxicity by altering the mucosal
defense system and eliciting inflammatory response that may cause necrosis and also apoptosis of gastric
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mucosal cells with significant generation of ROS (7, 13, 27). It has been reported that ROS are involved in
the development of acute and chronic ulceration and scavenging these ROS could be vital in healing these
ulcers (28).

The findings of the study recorded a significant decrease in total acidity and ulcer index for the standard
drug treatment group and P. tuber-regium curative effect group in comparison with the ethanol-induced
ulcer untreated group. The P. tuber-regium curative group even showed a higher percentage of healing index
in comparison with that of the standard drug treatment. The photomicrograph of the stomach section for
standard drug treatment group showed mild healing with moderate focal ulcerated area and moderate healing
with mild inflammatory exudates within the mucosa was observed in P. tuber-regium curative group. This
significant effect and remarkable reduction in total acidity and ulcer index may be attributed to the potent
properties of P. tuber-regium especially its phenolic compounds as it has been reported to reduce lipid profile
levels, attenuate lipid peroxidation and revive antioxidant activity (29). Lin et al. noted that the antioxidant
and antiangiogenic activities of P. tuber-regium extract is attributed to natural phenolic constituents such as
syringic, chlorogenic, protocatechuic, ferulic and folic acid (30). Studies had also reported that phenolic
compounds contained in P. tuber-regium are amongst cytoprotective ingredients involved in healing ulcer
(22, 31-33). Also, the high polysaccharides derived from P. tuber-regium have been implicated to have anti-
hyperglycemic, anti-hyperlipidemic and antioxidant properties which may also contribute to its therapeutic
effect in decreasing oxidative stress and lipid profile (12, 29).

Phytonutrients have been found to positively affect/promote several health conditions. Phytonutrients
found in the sclerotium of P. tuber-regium promote the function of the immune system, act directly against
bacteria and viruses reduce inflammation and it is associated with the treatment and prevention of ulcer
(28, 29). Notably, flavonoids are active water soluble antioxidants and free radical scavengers which
inhibit oxidative stress to cells and have antiulcer activity (33, 34). They also have anti-inflammatory
properties that could inhibit gastric mucosal lesion; and it has also been posited to be very important plant
constituent with significant antiulcer activity. Saponins and tannins have also been ascribed to having
antiulcer activities (34).

Despite the curative activity of P. tuber-regium extract when used after ulcer induction, the preventive
treatment group which was treated with 500 mg/kg body weight of the extract for two weeks prior to
induction of ulcer recorded a negative ulcer inhibition percentage and had significantly high acidity and
ulcer index. This implies that the mushroom did not offer significant protective effect against ulcer after two
weeks of the administration; this may be due to instant sacrifice following ulcer induction and that not
enough time for ulcer healing was allowed.

In summary, our findings identify that the use of P. tuber-regium extract following ulcer induction in
rats decreases total acidity, ulcer index and showed a higher percentage healing index than the standard
drug. The macroscopic and microscopic photograph of tissues extracted from rats treated with P. tuber-
regium extract following ulcer induction also showed better improvement. This implies that P. tuber-regium
extract used as treatment after ulcer induction showed better promise in ameliorating ulcer than antiulcer
standard drug omeprazole.

In conclusion, the results of this study indicated that P. tuber-regium extract decreased total acidity,
decreased ulcer index, showed a higher percentage of healing than omeprazole and showed better
macroscopic and microscopic improvement of tissue following ethanol-induced ulcer in rats. Therefore, this
study stands as an important contribution in discovering that P. tuber-regium extract could serve as a better

Journal of Babol University of Medical Sciences, 2023; 25(1): 36-45


http://dx.doi.org/10.22088/jbums.25.1.36

[ DOI: 10.22088/jbums.25.1.36 |

Effect of Aqueous Extract of Pleurotus Tuber-Regium on Ethanol Induced .../ A. C. Onuegbu, et al 43

alternative to standard anti-ulcer drugs. In addition, considering that it is a natural occurring alternative, it
is evident that it may not pose significant toxic effects to the human body. In addition, due to its availability
and ease of cultivation, it is also a more affordable alternative to the conventional synthetic antiulcer drugs.
Therefore, P. tuber-regium can be useful as a nutraceutical for the treatment of peptic ulcer and a useful
nutritional addition to human or animal diet.

Recommendations: The mushroom P. tuber-regium holds nutritional, phytochemical and antimicrobial
potentials that should be further investigated. The present research investigated the mushrooms anti-ulcer
activity in ethanol induced rats, further investigation can be made as to the anti-helicobacter activity of the
mushroom, as the organism is also a causative agent of peptic ulcer. Also, the duration and dose of the
preventive treatment could be increased or decreased and investigated to see if the extract has no preventive
effect.
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