
                               Trop J Nat Prod Res, September 2024; 8(9): 8546-8553                ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

8546 

 © 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

Tropical Journal of Natural Product Research 
 

Available online at https://www.tjnpr.org 

Original Research Article 
 

Gastroprotective Effect of the Methanol Fraction of the Stem Bark Extract of Entada 

africana Guill. & Perr. in Wistar Rats 

Millicent L. Umaru1*, Gabriel N. Uyaiabasi2, Rabiu G. Tijjani1, Celestina O. Alebiosu3, Ekaete I. Oviawe4, Aliyu Salihu5, 

Abdullahi Sulaiman1, Amina Y. Jega3,6,7 

1Department of Pharmacology and Toxicology, Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo University, P.M.B, 2346, Sokoto, Nigeria 
2Department of Pharmacology, School of Basic Clinical Sciences, Babcock University, P.M.B 4003, Ilishan Remo, Ogun State, Nigeria, 
3Department of Pharmaceutical and Medicinal Chemistry, Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo University, P.M.B, 2346, Sokoto, Nigeria 
4Department of Veterinary Surgery and Radiology, Faculty of Veterinary Medicine, Usmanu Danfodiyo University P.M.B, 2346, Sokoto, Nigeria 
5Department of Histopathology, Usmanu Danfodiyo University Teaching Hospital Sokoto, P.M.B, 2346, Sokoto, Nigeria 
6Center for Advanced Medical Research and Training, Usmanu Danfodiyo University, P.M.B, 2346, Sokoto, Nigeria 
7One Health Institute, Usmanu Danfodiyo University, P.M.B, 2346, Sokoto, Nigeria 

Introduction 

Peptic ulcer disease (PUD) is a debilitating and often painful 

gastrointestinal disease that results from the formation of lesions or 

sores in the stomach/mucosal walls due to the breakage of the mucosal 

barrier, which exposes the underlying tissues to the corrosive actions of 

gastric acid and pepsin.1-3 These open sores cause great stomach pain, 

upset, and internal bleeding and may sometimes escalate to 

gastrointestinal (GIT) perforation, obstruction of the passage of food, or 

cancer if left untreated or not well managed.4,5 The aetiology and 

pathogenesis of PUD differ from patient to patient. PUD often occurs 

as a result of an imbalance between aggressive forces (primarily gastric 

acid and pepsin) and the defensive factors (epithelial cell regeneration, 

gastric blood flow, mucus secretion, prostaglandins E, bicarbonates, 

somatostatin, and integrity of the mucosal barrier), where the aggressive 

forces overwhelm the defensive factors.3,6,7 
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Helicobacter pylori has been shown to have a significant impact on the 

formation of PUD.2,4,8 Other social habits, such as alcohol intake, 

smoking, eating large amounts of spicy foods, unmanaged stress, and 

certain medications such as non-steroidal anti-inflammatory drugs 

(NSAIDs), have been implicated in PUD.9-11 The epidemiology of PUD 

indicates that the disease occurs worldwide with marked geographical 

variation; it affects at least 5 to 10% of the world’s population.12,13 The 

prevalence rate of PUD in sub-Saharan Africa is 24.5%; in Nigeria, it is 

estimated that 2.1-6.0% of the population is affected by gastric ulcers, 

and this rate may be on the increase.14-16 PUD can lead to work 

absenteeism, high medical bills, and possible complications if not 

properly diagnosed and treated.17 Treatment options for PUD include 

antacids (neutralise gastric acid), H2–receptor antagonists and proton 

pump inhibitors (which inhibit acid secretions), mucosa protectants 

(such as sucralfate), or antibiotics to eradicate H. pylori.2,4 The goal of 

treatment is to alleviate painful symptoms, promote wound healing, 

prevent ulcer reoccurrence, and manage complications. However, these 

drugs are accompanied by several adverse effects with prolonged use, 

drug interactions, and patient compliance, which in turn can affect their 

effectiveness.4,7,18 Traditional medicinal and herbal plant supplements 

still play a significant role in the healthcare of the populace both in 

developed and developing countries.19 In some countries, this aspect of 

healthcare enjoys patronage alongside commonly and widely used 

orthodox Medicare.20,21 A considerable number of Nigerians rely on 

traditional/alternative forms of medicine for some of their healthcare 

needs and regularly consume these herbal concoctions.2,22,23 However, 

traditional medicine has not been formally accepted or integrated into 
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Peptic ulcer disease (PUD), is a debilitating condition characterized by the formation of sores in 

the stomach or duodenum, usually presenting with gastrointestinal pain and bleeding. Entada 

africana is used locally as herbal decoction to treat fever, dysentery and stomach ache. This study 

aimed to evaluate the anti-ulcer properties of the methanol stembark extract of Entada africana 

(MEA). The anti-ulcer activity of MEA was evaluated at graded doses (100, 200 and 400 mg/kg), 

using ethanol-induced, indomethacin-induced and pylorus-ligated (PL) ulcer models on Wistar 

rats. The ulcer index was calculated and histological assessments were carried out on isolated rat 

stomachs. MEA was shown to be safe orally. The ethanol model showed dose-dependent and 

statistically significant (p<0.0001) gastroprotective effects at all doses, with the highest dose of 

MEA (400 mg/kg) having the highest percentage inhibition of 98.1%, while omeprazole was 

80.5%. Similarly, in the indomethacin model, MEA exerted a significant gastroprotective effect 

at the highest dose with a percentage inhibition of 74.9% while the standard drug was 85.9%. 

Increases in acidity and volume of acid output were observed with the PL model in all groups 

when compared to the control, however not statistically significant. Histological evaluation 

revealed regenerating mucosa at 100 and 200 mg/kg in the ethanol-induced model while the 

indomethacin-induced model showed almost complete re-epithelisation at the optimum dose of 

200 mg/kg. Findings from this study show that MEA has good anti-ulcer and wound healing 

properties and this effect may be attributed to the mucosa protection rather than the anti-secretory 

properties. 
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Nigeria’s healthcare system. Entada africana Guill. & Perr, a small 

tree that belongs to the family Fabaceae (Legumes), is mostly found in 

tropical and subtropical regions.24 Different parts and preparations of 

this plant have been employed in the management and treatment of 

various ailments traditionally. Decoctions of the plant have been used 

to treat malaria, fever, dysentery, and stomach aches.25 Infusion of the 

stem bark or leaves is used in wound healing, respiratory tract disorders, 

inflammatory liver diseases, and other diseases.26-28 The bark of the 

plant is also used in making ropes and to bind storage bins. The plant is 

also a good source of tannin and has been shown to possess good 

antiseptic, astringent, haemostatic, and antiparasitic properties.29 The 

wound healing, anti-inflammatory, and anti-secretory properties 

reported in folk medicinal use make Entada africana a potential remedy 

for PUD. This study seeks to evaluate the antiulcer activity of the 

methanol stem bark extract of E. africana (MEA) in animal models. 

 

Materials and Methods 

Drugs 

Omeprazole (McCoy Pharma Pvt. Ltd., India), Indomethacin (99%, 

357.79 MW, Shanghai Macklin® Biochemical Co. Ltd., Shanghai, 

China), Indomethacin (Geneith Pharmaceuticals, China), and 

Cysteamine HCL (Sigma Chemical, CO., USA). Xylazine (Xylased, 

Bioveta, a.s., Czech Republic), ketamine hydrochloride injection USP 

(Jawa International Limited, Nigeria). 

Collection of plant material and preparation 

The stem bark of Entada africana was collected from Dundaye, in 

Wamakko Local Government area of Sokoto State, Nigeria, in 

December 2022.  The plant was identified and authenticated by Malam 

Musa Magaji at the herbarium section of the Department of 

Pharmacognosy and Ethnopharmacy, Faculty of Pharmaceutical 

Sciences, Usmanu Danfodiyo University Sokoto, where a voucher 

specimen (number PCG/UDUS/Faba/0014) was deposited. The plant 

material was air-dried to a constant weight, pulverized, and preserved 

according to the method described in the African Pharmacopoeia 

(1985).30 The plant material was subjected to cold maceration using 

90% methanol (1 L) after defatting with hexane (500 mL). The extract 

was evaporated in vacuo using a rotary evaporator at 40℃ to afford the 

methanol stem bark extract labelled as MEA and stored in an ambient 

condition (23-25°C) until required. 

Experimental animals  

Healthy albino mice (17–25 g) and albino Wistar rats (120–170 g) of 

both sexes were obtained from the animal holding unit, Faculty of 

Pharmaceutical Sciences, Ahmadu Bello University Zaria, Kaduna 

State, Nigeria. Animals were transported to Sokoto, where they were 

housed in clean and well-ventilated steel cages in the animal house 

facility of the Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo 

University, Sokoto. The animals were acclimatised for two weeks and 

fasted for 18–24 hours before the commencement of the study. They 

were maintained under standard laboratory conditions, fed with rodent 

pellets (diet) and clean water, room temperature of 23-25 °C, and a 12-

hour light/dark cycle. The experimental protocol was approved by the 

Usmanu Danfodiyo University Sokoto Animal Research ethical 

committee, and an ethical approval number (NHREC/UDU-

HREC/25/06/2023) was issued. Animals were handled according to the 

established public health guidelines (Guide for Care and Use of 

Laboratory Animals, 2011).31 

Qualitative phytochemical screening of MEA 

Preliminary phytochemical screening was carried out on MEA using the 

procedures described by Trease and Evans (2002)32 and Sofowora 

(2008).33 The extract was tested for the presence of tannins, alkaloids, 

flavonoids, carbohydrates, cardiac glycosides, phenols, anthraquinones, 

and triterpenoids/steroids.  

Acute toxicity study 

The median lethal dose (LD50) of MEA was determined in albino mice 

orally using the method described by Lorke (1983).34 In the first phase, 

nine mice were randomly divided into three groups consisting of three 

mice each. Each group was administered different doses (10, 100, and 

1000 mg/kg body weights) of MEA. The animals were observed for 24 

hours for both toxic effects as well as mortality. In the second phase, 

three (3) mice were randomly divided into three groups, and each group 

was administered MEA at doses of 1600, 2900, and 5000 mg/kg, 

respectively. The animals were again observed for another 24 hours for 

any signs and symptoms of toxicity and mortality. The LD50 was 

calculated as the geometric mean of the maximum dose producing no 

mortality and the minimum dose producing mortality. 

Evaluation of antiulcer activity 

Ethanol-induced gastric ulcer model 

This study utilised the method described in previous studies.3,35 Wistar 

rats were used for this experiment. Before the commencement of the 

experiment, the animals were fasted for 24 hours but had free access to 

water. The rats were randomly allotted to 5 groups of 5 animals each 

and pre-treated orally as follows: 

Group 1 – Distilled water (10 mL/kg) 

Group 2 – Omeprazole (20 mg/kg) 

Group 3 – MEA (100 mg/kg) 

Group 4 – MEA (200 mg/kg) 

Group 5 – MEA (400 mg/kg) 

One hour after treatment, gastric lesions were induced orally in rats with 

absolute ethanol (99.9%) at a dose of 8 mL/kg p.o.3,35,36 Two hours after 

induction of ulcers, animals were sacrificed humanely, and their 

stomachs were excised and opened along the greater curvature, and 

washed with normal saline solution. To calculate the ulcer index, the 

ulcer lesions were counted using a hand lens with a transparent 

millimetre scale rule37 and scored using the parameters indicated in 

Table 1.5,7 

Table 1: Method of ulcer scoring/rating 
  

Lesion Ulcer score/rating 

No lesion 0 

Haemorrhage  0.5 

1-3 small lesions  1 

1-3 large lesions  2 

3 thickened lesions  3 

More than 3 small lesions  4 

More than 3 large lesions  5 

More than 3 thickened lesions 6 

 

Calculation of gastroprotective/inhibition effect  

The ulcer protective effect of the extract was calculated by comparing 

the extent of ulceration in the excised stomachs of the treated groups 

compared to the control group, using the average ulcer scores obtained 

from each treatment group with equation 1.2,7 The isolated stomachs 

were preserved in formalin and histological assessment was carried out. 

 
% Gastroprotection/Inhibition = (UI in control – UI in treated) X 100                                                                      
                                                                  UI in control                        Eqn 1   

Where; UI = Ulcer index. 

 

Indomethacin-induced gastric ulcer model 

Adult Wistar rats were fasted for 36 hours and were randomly allotted 

into 5 groups of five (5) rats each. They were pre-treated as follows:  

Group 1 – Distilled water (10 mL/kg)  

Group 2 – Omeprazole (20 mg/kg) 

Group 3 – MEA (100 mg/kg) 

Group 4 – MEA (200 mg/kg) 

Group 5 – MEA (400 mg/kg) 

One hour after treatment, ulcers were induced via oral administration of 

indomethacin (40 mg/kg) to all the groups.2,36 The animals were 

sacrificed after 6 hours and their stomachs were excised and opened as 

described before; the ulcer indices were calculated as highlighted above 

and a histological assessment was also carried out. 
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Pylorus ligation-induced gastric ulcers 

Animals (Wistar rats) were fasted for 48 hours but had access to water, 

and were randomly allotted into 5 groups of 4 animals each. The 

animals were pre-treated orally as follows: 

Group 1 – Distilled water (10 mL/kg)  

Group 2 – Omeprazole (20 mg/kg) 

Group 3 – MEA (100 mg/kg) 

Group 4 – MEA (200 mg/kg) 

Group 5 – MEA (400 mg/kg) 
 

One hour later, the animals were anaesthetised, and a 1-inch midline 

abdominal incision was made below the xiphoid process. The pylorus 

of each animal was carefully lifted out and ligated without damaging its 

blood supply. The stomach was replaced and the abdominal wall 

sutured; the animals were allowed to recover. Eight hours after pylorus 

ligation (PL), the rats were sacrificed and their stomachs dissected out. 

The stomach content of each animal was drained into a graduated 

centrifuge tube and centrifuged at 1500 rpm for 30 minutes. The volume 

of the gastric juice supernatant was measured, pH determined, and the 

total acidity was determined by titrating with 0.01N NaOH using 

phenolphthalein as an indicator.2,5  

Determination of the volume of acid, pH 

Gastric acidity was determined by pipetting 0.1 mL of the gastric juice 

into a 25 mL beaker, and one drop of phenolphthalein indicator was 

then added and titrated with 0.01N NaOH until the appearance of a pink 

colour. The total volume of alkali added was noted as the volume of 

acid, and the pH was determined using universal indicator paper. 

Statistical analysis 

All results were analysed using GraphPad Prism© 9. The results are 

presented as mean ± standard error of the mean (SEM), and n represents 

the number of animals per group. Data comparison was done using one-

way ANOVA followed by Dunnett’s multiple comparisons test. Values 

were considered statistically significant at p < 0.05. 

 

Results and Discussion 

The phytochemical screening for MEA showed the presence of 

alkaloids, flavonoids, phenolic compounds and tannins, while 

anthraquinones were not detected (Table 2). This is consistent with 

findings from other studies.29,38,39 Studies have reported that secondary 

metabolites such as tannins and saponins have protective effects on 

ethanol and indomethacin-induced gastric mucosal lesions in rats.1,7 

Polyphenol compounds have also been reported to have ulcer protective 

properties through various mechanisms, including increased mucus 

production, inhibiting HCl production, and antioxidant properties.40 

Additionally, a review paper by Falcao and colleagues reported that 

commonly occurring alkaloids in plants had good gastroprotective and 

antiulcer activities in both ethanol- and indomethacin-induced 

ulceration in rats and mice.1 However, the exact mechanism of action 

of MEA needs to be elucidated. From the acute toxicity study, the oral 

median lethal dose (LD50) of MEA was estimated to be greater than 

5000 mg/kg, using Lorke’s method, because no mortality was recorded 

in both phases at doses up to 5000 mg/kg, at which stage a compound 

may be considered to be safe. There were few signs of toxicity observed 

at doses of 1600, 2900, and 5000 mg/kg, respectively, such as 

restlessness, salivation, piloerection, bulging of the pulp, grooming, 

erection of the pinna, heavy breathing, and pale colouration of the eye. 

However, no mortality was observed in any of these groups. 

The gastroprotective effect of MEA and the standard drug in the 

ethanol-induced gastric ulcer model is indicated in Figure 1. MEA 

exhibited a dose-dependent antiulcer effect, with the highest protection 

obtained at 400 mg/kg, which exhibited 98.1% inhibition compared to 

80.5% for omeprazole. All MEA treatment groups performed better  

Table 2: Phytochemical constituents of MEA 

S/N Constituents Test Inference 

1. Carbohydrates Molisch’s 

Fehling’s 

+  

+  

2. Alkaloids  Mayer’s 

Dragendroff’s 

Hager’s 

+ 

+ 

+  

3. Saponins Frothing +  

4. Cardiac glycosides Killer-Killiani’s + 

5. Flavonoids 

 

Ferric chloride 

Alkaline  

Shinoda  

+  

+  

+  

6. Anthraquinones  Bontrager’s 

Modified Bontrager 

- 

- 

7. Tannins  Ferric chloride 

Lead acetate  

+  

+  

8. Triterpenoid/steroids  

 

Salkowki’s 

Liberman-Burchad’s 

+ 

+ 

9.  Phenolic compound Ferric chloride  +  

Key: + (present); - = not detected; MEA= Methanol stem bark extract 

of Entada africana. 

 

than omeprazole (Table 3). This result showed that MEA significantly 

(p < 0.0001) reduced ethanol-induced ulcerations at all doses. Ethanol 

is known to induce gastric lesions through its corrosive effects, which 

disrupt the mucous-bicarbonate protective barrier and expose the 

underlying mucosa to damage from hydrochloric acid and pepsin. It also 

produces a massive intracellular accumulation of calcium, which 

represents a major step in the pathogenesis of gastric mucosal injury.  
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Figure 1: Bar graph showing ulcer indices of ethanol-induced 

ulceration in rats  
Key: MEA = methanolic fraction of the stem bark of E. africana. Values 

are mean ± SEM (n = 4). Highly statistically significant reductions 

****p < 0.0001, for both MEA and omeprazole when compared to 

control (One-way ANOVA followed by Dunnett's multiple comparison 

tests). 
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Table 3: Gastroprotective effects of MEA and omeprazole against ethanol – and indomethacin-induced gastric ulcers in Wistar rats 
 

  

Ethanol Indomethacin 

Treatment  Dose 

(mg/kg) 

Ulcer index % inhibition Ulcer index % inhibition 

Control (H20) 10 (mL/kg) 66.75 - 33.8 - 

Omeprazole 20 13 80.5 4.8 85.9 

MEA 100 11.5 82.8 22.5 33.4 

MEA  200 7.5 88.8 17.8 47.5 

MEA 400 1.25 98.1 8.5 74.9 

Key: MEA = methanolic fraction of the stem bark of E. africana, % inhibition for the treated groups was calculated with respect to the control. 

 

This leads to cell death and exfoliation in the surface epithelium.3-5,8 

The high level of gastroprotection demonstrated by MEA may be 

attributed to its efficacy in maintaining the mucus-bicarbonate barrier 

of the GIT, thereby shielding the mucosa from the damage by hydrolytic 

and photolytic effects of gastric juices.  Similarly, in the indomethacin 

model, MEA exerted a significant (p = 0.006) cytoprotective effect at 

the highest dose of 400 mg/kg with percentage inhibition of 74.9%, 

while the standard drug omeprazole was statistically significant 

(p<0.0002) with percentage inhibition of 85.9% when compared to the 

control (Table 3). However, the lowest dose of MEA (100 mg/kg) did 

not show statistically significant (p = 0.1285) protection in this model 

(Figure 2). The indomethacin-induced ulcer model is widely used for 

investigating the anti-secretory and cytoprotective activities of target 

agents or compounds.2,16,40 Indomethacin is reported to induce stomach 

ulcerations by causing inflammation of the gastric mucosa and 

accumulation of reactive oxygen species, which causes damage to the 

mucosa.10,41 This is in addition to the commonly known mechanism of 

inhibition of prostaglandin production by NSAIDs. Indiscriminate use 

of NSAIDs has been implicated as the second most common cause of 

gastric ulcers after Helicobacter pylori.11-12,15,41 The cytoprotection 

offered by MEA was comparable to the standard drug omeprazole. 

Furthermore, the effect of pylorus-ligation causes the accumulation of 

acid in the stomach and models the effect of stress, which is a 

precipitating factor for gastric ulcers.3,7 The effect of MEA on gastric 

pH and acid volume showed an increase in both acidity and volume of 

acid output when compared to the control. This was also observed for 

the standard drug group. These increases were, however, not 

statistically significant when compared to the control, with a significant 

effect recorded only for total acid output for MEA at 400 mg/kg (p = 

0.0052) treatment group (Table 4).  
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Figure 2: Bar graph showing ulcer indices of indomethacin-

induced ulceration in rats  
Key: MEA = methanolic fraction of the stem bark of E. africana. Values 

are mean ± SEM (n = 4). Statistically significant reductions *** p = 

0.0002 for omeprazole; * p = 0.0220, p = 0.006 for 200 & 400 mg/kg 

respectively when compared to control. (One-way ANOVA followed 

by Dunnett's multiple comparison tests).       

 

 

 

 

Table 4: Gastric pH values and volumes of the treated group following pylorus-ligation    

Key: MEA = methanolic fraction of the stem bark of E africana. Values are mean ± SEM (n = 4). Statistically significant reductions ** p = 0.0052 (One-

way ANOVA followed by Dunnett's multiple comparison tests). 

Treatment Dose (mg/kg) Gastric volume 

(ml/4 h) 

Gastric pH Titratable acidity 

(mEq/L) 

Total acid output 

(mEq/L) 

Control (H20) 10 (mL/kg) 0.35 ± 0.17 6.13 ± 0.24 23.7 ± 10.32 69 ± 7.72 

Omeprazole 20 0.53 ± 0.08 4.88 ± 1.13 53.5 ± 15.96 96 ± 15.23 

MEA 100 0.30 ± 0.06 5.00 ± 0.58 35.4 ± 7.786 117 ± 13.99 

MEA 200 0.38 ± 0.09 3.75 ± 0.48 40.8 ± 12.42 101 ± 12.58 

MEA 400 0.38 ± 0.11 4.50 ± 0.29 50.9 ± 13.1 143 ±16.36** 
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This pattern of increase in acid volume, when compared with the 

control, has been reported in other studies,7,15 while others reported a 

reduction in acidity and acid volume. 3,5,8 The histological findings from 

the isolated stomachs of rats indicated significant mucosal regeneration 

and ulcer healing both in the ethanol- and indomethacin-induced gastric 

ulceration after treatment with MEA and the standard drug 

(omeprazole). For the ethanol model, only the control group showed 

mucosa ulceration; all the treated groups were protected (Table 5, Plate 

1). In a similar vein, the histological findings for ethanol-induced 

ulceration showed that MEA has a gastroprotective effect at lower 

concentrations, but there was severe ulcerative gastritis at a dose of 500 

mg/kg (Table 5 and Plate 1 a-e). For the indomethacin-induced 

ulceration, histological findings showed that MEA had good 

gastroprotective effects, with the maximum effect seen at 200 mg/kg 

dose, which showed significant wound healing and almost complete 

reepithelization. Details of the effects are shown in Table 6 and Plate 2 

(a-e).  

 

Table 5: Histological assessment of rat stomachs in ethanol-induced gastric ulcer model 

Investigation  Control Distil H2O (10 

ml/kg) 

Omeprazole 

(20 mg/kg) 

MEA 

(100 mg/kg) 

MEA 

(200 mg/kg) 

MEA 

(400 mg/kg) 

Overall 

architecture 

Maintained Maintained Maintained Maintained Maintained 

Mucosal Ulceration 

(+/-) 
+ - - - + 

Mucosal Erosion 

(+/-) 
- + + ++ - 

Mucosal \oedema 

(+/-) 
+ + + + + 

Submucosal 

oedema (+/-) 
+ + + + + 

Neutrophilic 

Infiltrates  

Moderate Moderate Moderate Moderate Severe 

Lymphoplasma 

cells Infiltrates 

Mild Mild Mild Mild + 

Fibrosis (+/-) Moderate Mild Mild Mild Mild 

Diagnosis Ulcerative Gastritis Mild Erosive 

Gastritis 

Mild Erosive 

Gastritis 

Moderate Erosive 

Gastritis 

Severe Ulcerative 

Gastritis 

Key: MEA = methanolic extract of stem bark of E. africana, + = present), - = not present 

 

Table 6: Histological assessment of rat stomachs in indomethacin-induced gastric ulcers model 

Investigation  Control Distil H2O 

(10 ml/kg) 

Omeprazole 

(20 mg/kg) 

MEA 

(100 mg/kg) 

MEA 

(200 mg/kg) 

MEA 

(400 mg/kg) 

Overall architecture 
Maintained Maintained Maintained Maintained Maintained 

Mucosal Ulceration 

(+/-) 
+ - - - - 

Mucosal Erosion 

(+/-) 
- + + - + 

Mucosal oedema 

(+/-) 
+ + + - - 

Submucosal oedema 

(+/-) 
+ + + - + 

Neutrophilic 

Infiltrates  
Moderate Mild Mild Mild Mild 

Lymphoplasma cells 

Infiltrates 
Moderate Mild Mild Mild Mild 

Fibrosis (+/-) Mild - - - - 

Diagnosis 
Ulcerative Gastritis 

Mild Erosive 

Gastritis 

Mild Erosive 

Gastritis 

Mild Superficial 

Gastritis 

Mild Erosive 

Gastritis 

Key: MEA = methanolic extract of stem bark of Entada africana, + = present), - = not present 
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The anti-ulcer effect of MEA can be said to be through mucosal 

epithelial regeneration and ulcer healing. This suggests that MEA 

possesses more cytoprotective and wound-healing properties than anti-

secretory properties. Further isolation of the components of MEA may 

yield potential lead compounds that could be developed into standard 

anti-ulcer drugs. These potential new compounds can be used alone or 

in combination with other currently used anti-secretory ulcer drugs such 

as omeprazole, cimetidine, or ranitidine due to their good cytoprotective 

and healing properties. Non-communicable diseases such as 

cardiovascular, respiratory, obesity, and peptic ulcer diseases are 

increasing globally.17,42 Some factors contributing to this observed 

increase include lifestyle habits, such as adopting more sedentary 

routines, unhealthy eating habits, stress, smoking, large intakes of 

alcohol, and climate change.43-45 In developing countries such as 

Nigeria, additional factors of poverty and poor nutrition may aggravate 

these diseases.42 

 
Plate 1: Hematoxylin and eosin photomicrographs of groups 1 to 5 showing representative sections of the stomach of ethanol-induced 

ulcerations (H&E x100 magnification). Group 1 (Distilled Water) pictograph showing ulcerations in mucosal, underlying submucosa and muscularis, 

Group 2 (Omeprazole 20 mg/kg) pictograph shows regenerating mucosa, submucosa and muscularis, Group 3 (MEA 100 mg/kg) showing regenerating 

mucosa, submucosa and muscularis, Group 4 (MEA 200 mg/kg) showing regenerating mucosa, submucosa and muscularis, Group 5 (MEA 400 mg/kg) 

showing ulcer edge and oedematous submucosa. 

KEY: MEA - methanolic extract of stem bark of E. africana, blue arrow – mucosa, red arrow – submucosa, black arrow – muscularis  

 

 
Plate 2: Hematoxylin and eosin photomicrographs of groups 1 to 5 showing representative sections of the stomach of indomethacin-induced ulcerations 

(H&E x100 magnification). Group 1 (Distilled Water) pictograph showing gastric ulcer in the mucosa, underlying oedematous submucosa and muscularis, 

Group 2 (Omeprazole 20 mg/kg) showing regenerating mucosa, submucosa and muscularis, Group 3 (MEA 100 mg/kg) mucosal epithelial regeneration 

and submucosa Group 4 (MEA 200 mg/kg) showing ulcer healing with complete re-epithelisation, Group 5 (MEA 400 mg/kg) showing regenerating 

mucosa and muscularis. 

KEY: MEA - methanolic extract of stem bark of E. africana, blue arrow – mucosa, red arrow – submucosa, black arrow – muscularis  
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Conclusion 

The gastroprotective activity of MEA was investigated using three in 

vivo ulcer models. MEA showed significant dose-dependent 

gastroprotective and healing activities compared to the standard drug 

(omeprazole) in ethanol-induced ulcer and indomethacin-induced 

models with high percentage inhibition. MEA demonstrated a good 

safety profile and contained important secondary metabolites that have 

been reported to have good gastroprotective and other medicinal 

properties. Further studies are necessary to establish the viability of 

some constituents of MEA as potential anti-ulcer lead targets.  
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