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In Cameroon, like elsewhere, medicinal plants are successfully used to treat gastro-intestinal diseases. 
Entada africana is a medicinal plant which different parts are used to treat stomach pain, diarrhea, 
dysentery and many other diseases. In order to show the efficiency of this plant in the treatment of 
gastrointestinal disorders, its antibacterial, antiulcerogenic and antioxidant activities were evaluated at 
Department of Microbiology (Laboratory of Microbiology) and Department of Animal Biology & 
Physiology (Animal Physiology Laboratory); Faculty of Science, University of Yaoundé I, between 
Febuary 2015 and July 2016. Crude extract of E. africana was obtained using methylene 
chloride/methanol mixture and fractions by successive exhaustion in hexane, methylene chloride and 
ethyl acetate. Phytochemical analysis of secondary metabolites was done using colorimetric tests. The 
antibacterial study consisted to determine Inhibition Diameters (ID) by agar diffusion as well as the 
Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) using the 
tube macro dilution method against E. coli, S. typhi, P. aeruginosa, K. pneumonia, S. aureus and B. cereus. 
The anti-ulcerogenic and antioxidant properties of the methylene chloride/methanol crude extract was 
evaluated using indomethacin-induced ulcer in rats and levels of reduced glutathione (GSH) and 
malondialdehyde (MDA) in the stomach homogenate were measured. The phytochemical study revealed 
the presence of phenolics compounds. The Methylene chloride/methanol, hexane, methylene chloride 
and ethyl acetate extracts were active on the tested microorganisms with the following results 
respectively for ID and MIC: 8.50 mm ± 0.50 ≤ DI ≤ 18.00 mm ± 1.00 and 1.56 mg/mL ≤ MIC ≤ 6.25 
mg/mL. The anti-ulcerogenic test showed that the methylene chloride/methanol extract exhibited a 
cytoprotective effect with ulcer indices varying from 1.98 ± 0.24 to 1.36 ± 0.14 when the rats were 
pretreated at 200 and 400 mg/kg, respectively. Tissue levels of MDA reduced (23.04 %) while those of 
GSH increased (14.29%) following treatment with extract. The antibacterial, anti-ulcerogenic and 
antioxidant activities exerted by these plant extracts could be due to the presence of phenolic 
compounds. These properties would make this plant an "all-in-one" medicine, which justify its use in 
treatment of gastrointestinal disorders. 
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1. Introduction 

The digestive tract is a vast interface between the host and its 
environment. It plays a vital role in the process of food digestion from birth 
and throughout life, although encounters a lot of challenges. Among these 
conditions, gastrointestinal infections are the most common underlying 
diarrhea as one of the main causes of morbidity and mortality in 
developing countries, causing the death of 160 to 200 children under five 
years of age every day [1]. Diarrhea affects all age groups and is 
responsible for 2.4 million deaths each year worldwide [2]. Infections of 
the gastrointestinal tract can come from a multitude of different germs 
(viruses, bacteria and parasites) and those of bacterial origin are less 
important but more severe than those of viral origin [3]. The main 
bacterial germs responsible for gastrointestinal infections are: Salmonella, 
Shigella, Escherichia coli, Staphylococcus aureus, Clostridium difficile, Vibrio 
cholerae, Bacillus cereus, Campylobacter [4]. Their physiopathological 
mechanisms are summarized in the production of enterotoxins or the 
invasion of the intestinal mucosa leading respectively to cholera syndrome 
or dysenteric syndrome. On one hand, the preformed toxin present in a 
food or synthesized by the bacterium in the digestive tract of the patient 
modifies the work of the enterocytes ion pumps. This results in increased 

secretion of sodium and chloride ions by leading enterocytes to increased 
elimination of water and electrolytes (Staphylococcus aureus, Vibrio 
cholerae, Clostridium difficile, Bacillus cereus and some strains of E. coli). 
On the other hand, the invasion of the intestinal mucosa by the bacterium 
causes its alteration followed by absorption disorders. Enterocytes and 
mucosa are destroyed by the combined action of pathogens in the lumen 
of the digestive tract that adhere to the apical pole of the enterocytes and 
then enter and cause lysis and the inflammatory response to the basal pole 
in response to the pathogen (Salmonella, Shigella, Campylobacter and E. 
coli serotype enteroinvasive) [5].  

In addition to these acute infections which lead to diarrhea, 
Helicobacter pylori infection is a chronic infection globally spread 
worldwide. This bacterium appears to be the main factor responsible for 
peptic ulcers giving that it causes hypersecretion of gastric acid and the 
release of free radicals in the gastric mucosa [6,7].  

Peptic ulcers are open sores that develop on the inside lining of the 
stomach and the upper portion of the small intestine. It is the consequence 
of an imbalance between the protective factors (mucous barrier) and the 
aggression factors (acid and pepsin) of the mucosa in favor of the latter 
[8]. The main protective factor is the mucus whose biosynthesis is 
stimulated by endogenous prostaglandins. The synthesis of these 
prostaglandins is also regulated by cyclooxygenases, enzymes inhibited by 
non-steroidal anti-inflammatory drugs. The inhibition of the 
cyclooxygenases justifies the role played by these widely prescribed drugs 
(antalgic and anti-inflammatory) in the genesis of peptic ulcers. About one 
out of ten persons suffer from gastric ulcer during their lifetime [9]. This 
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situation is much more alarming in less affluent countries. This is the case 
of Cameroon, where ulcerative stomach disease has a prevalence of 
10.40 % [10]. In addition to hygieno-dietary treatment based on rest and 
a balanced diet, modern medicine provides people with gastrointestinal 
disorders with several drugs such as antacids, anti-secretory drugs, transit 
slowdowns, adsorbents and antibiotics. As the cost of modern medicine 
continues to rise, these pharmaceutical products are inaccessible to the 
most affected social strata in countries weakened by poverty and 
underdevelopment. In addition, there is the scarcity of hospitals in rural 
areas and the reluctance of patients due to the multiple side effects 
associated with taking several drugs daily. In response to these problems, 
about 80% of the population in developing countries uses traditional 
herbal medicines for primary health care [11] where applicable, the use of 
Entada africana in the treatment of gastrointestinal disorders.  

Entada africana is a shrub of the Mimosaceae family with a height of 
about 7 meters tall. The barks of this plant, sometimes light or yellowish 
grey, are deeply cracked, corky with transverse bands. Its branches have 
small green leaves arranged between 8 and 24 pairs. The flowers, small, 
isolated, fragrant, creamy-white or greenish-yellow in color, are grouped 
into axillary ears 7 to 10 cm long and 13 mm in diameter, fasciculated by 
3-5 in the axils of fallen leaves or young leaves. Savannah specie, it is 
widespread from Senegal to Cameroon, but also occurs in Democratic 
Congo and Uganda.  

E. africana is characterized by its multiple uses in traditional medicine. 
Its bark is used as antidiarrheal and is involved in the preparation of 
remedies for the treatment of oral and throat disorders [12]. The 
decoctions of barks are used against dysentery and as an antiseptic. The 
leaves are used to prevent wound suppurations [13] and in infusion are 
indicated to treat stomach aches. This plant is also used to treat fever, skin 
and respiratory infections, diarrhea, diabetes, hypertension, liver and 
stomach disorders [14-16].  

The use of plant preparations dates back to antiquity and is 
undoubtedly effective. Such is the case of the decoctions and infusions of 
Entada africana that relief people suffering from gastrointestinal 
disorders. However, experts in the field do not seem to distinguish 
between infectious or non-infectious affections, and for this purpose, they 
use an "all-in-one" approach. The World Health Organization now 
recommends that the quality and effectiveness of plants used in traditional 
medicine be evaluated using modern techniques in order to enhance their 
value. In order to provide a scientific basis for the use of E. africana in the 
traditional treatment of gastrointestinal disorders, the objective of this 
work is to evaluate the antibacterial, anti-ulcerogenic and antioxidant 
activities of the bark of this plant. 
 

2. Experimental Methods 

2.1 Plant Material and Preparation of Extracts  

Fresh stem barks of E. africana were harvested in Dschang in the West 
region of Cameroon in May 2013 and botanical identification of plant was 
done at the National Herbarium of Cameroon by comparing with existing 
herbarium voucher specimen No. 8605/SRF/CAM. The above plant parts 
were dried at room temperature, crushed and one hundred grams (100 g) 
of dry powder was macerated for 48 hours in 500 mL of the methylene 
chloride/methanol mixture (1:1, v/v) before being filtered on Whatman 
paper No. 1. The filtrate was concentrated in rotary evaporator (Heidolph 
VV 2000) [17]. For hexane, methylene chloride and ethyl acetate extracts, 
8 g of methylene chloride/methanol extract was fractionated by 
successive exhaustion in 50 mL of hexane, then methylene chloride and 
finally ethyl acetate. After filtration, the various filtrates were 
concentrated in the rotary evaporator. The extraction yield was calculated 
according to the following formula:  

 
Extraction yield (%)  =  (Mass of the extract obtained (g) / Initial powder 

              mass (g)) x 100 
 
The methylene chloride/methanol, hexane, methylene chloride and 

ethyl acetate extracts were prepared at a concentration of 100 mg/mL in 
DMSO 10%. Gentamicin (1 mg/mL) was used as the reference antibiotic. 

 
2.2 Bacterial Species 

Six bacterial species responsible for gastrointestinal diseases were 
used. These were Escherichia coli, Salmonella typhi, Pseudomonas 
aeruginosa, Klebsiella pneumoniae, Staphylococcus aureus and Bacillus 
cereus; provided by the Laboratory of Medical Bacteriology of the Centre 
Pasteur du Cameroun (CPC). These bacteria were maintained on agar slant 
at 4 °C and were sub cultured on the fresh appropriate agar plate 24 h prior 
to any antimicrobial test. 

2.3 Culture Media 

Mueller Hinton Agar (MHA; Fortress) was used for the diffusion assays 
and minimal bactericidal concentration determination while Mueller 
Hinton Broth (MHB; Fortress) was used to determine minimal inhibition 
concentration. They were prepared according to the manufacturer's 
instructions. 

 
2.4 Animals 

Male Wistar rats (175 - 200 g) were used for anti-ulcerogenic tests. The 
animals were raised on a standard laboratory diet and tap water in the 
animal house of the Faculty of Science, University of Yaoundé 1. Prior 
authorization for the use of laboratory animals in this study was obtained 
from the Cameroon National Ethics Committee (Reg. No. FWA-
IRB00001954). 

 
2.5 Phytochemical Screening 

Phytochemical screening was carried out on methylene 
chloride/methanol extract to look for the presence of large chemical 
families of compounds with antimicrobial, antiulcer and antioxidant 
properties such as phenols, polyphenols, flavonoids, tannins, alkaloids, 
saponins and anthocyanins; using the standard procedure described in the 
literature by Odebeyi and Sofowora [18] and Harbone [19].  

 
2.6 Evaluation of the Antibacterial Activity 

2.6.1 Determination of the Inhibition Diameters (ID) 

The diameters of the inhibition zones were determined by the diffusion 
method using the well technique as described by Adesokan et al. [20] with 
slight modifications. The bacterial inoculum of about 1.5 x 106 CFU mL-1 
obtained from McFarland turbidity standard No. 0.5. The suspension was 
standardized by adjusting the optical density to 0.1 at 560 nm (JENWAY 
6305 Spectrophotometer). The MHA medium poured into the petri dishes 
was inoculated by spreading 100 µL of a bacterial inoculum on its surface. 
Wells with a diameter of 6 mm were drilled on this medium using the bold 
end of a pipette tip and 60 µL of each test solution were dropped into the 
wells. After a 45-minute pre-diffusion at room temperature, the petri 
dishes were incubated at 37 °C for 24 h. The ID was then measured around 
the well and extract with ID > 7 mm was considered. Each test was done in 
triplicate and the values were expressed as an average ± MSE (Mean 
Standard Error). 

 
2.6.2 Determination of Minimum Inhibitory and Bactericidal Concentrations 

(MIC) and (MBC) 

The MIC of test samples found active by the diffusion test were 
determined by liquid macro dilution method like described by Clinical and 
Laboratory Standards Institute (CLSI) [21] with slight modifications. 
Mueller Hinton Broth containing extract prepared at the concentration of 
50 mg mL-1 was serially diluted two-fold to obtain concentrations range of 
0.39 to 50 mg mL-1 in total volume of 2 mL. Mueller Hinton Broth 
containing gentamycin (160 µg mL-1) was also diluted the same way to 
obtain concentrations range to 1.25 to 160 µg mL-1. Each tube as well as 
the negative control (extract-free) was inoculated with 50 µL of standard 
inoculum of bacterial tests and incubated at 37 °C for 24 h. Microbial 
growth was determined by observing the turbidity in the tube. The lowest 
concentration showing no visible growth of the germ was considered as 
the MIC. The MBC was determined by subculturing the contents of tubes 
with concentrations greater than or equal to the MIC on Mueller Hinton 
agar. The MBC was considered to be the lowest concentration of extract 
that left no more than 0.01% of survivors of the initial inoculum remaining.  
The substance was considered as bactericidal when MBC/MIC < 4 or 
bacteriostatic when MBC/MIC ≥ 4 [22]. 

 

2.7 Evaluation of the Anti-Ulcerogenic Activity of the Methylene 

Chloride/Methanol Extract  

The anti-ulcerogenic activity of the methylene chloride/methanol 
extract of E. africana was determined using the experimental protocol 
described by Santhakumari and Pillai [23] with some modifications. Five 
groups of 5 rats deprived of food for 48 hours prior to experimentation but 
having free access to tap water were used. Groups 1 and 2 served as 
negative control and received distilled water and DMSO 10% respectively. 
Group 3 was used as positive control and was treated with sucralfate (60 
mg/kg). The 2 last groups received the plant extract at the doses 200 and 
400 mg/kg by oral route. 1 hour before they were given indomethacin (50 
mg/kg) by gavage. Five hours later, the animals were sacrificed and the 
abdomens opened. Isolated by section from the pylorus and esophagus, 
each stomach received 10 mL of formaldehyde solution (2%) by injection. 
Ten minutes later, these stomachs were opened along the large curve. 
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Then the lengths and widths of the lesions of each animal were measured 
and scored as earlier described by Martin et al. [24]. For non-ulcer 
surfaces; vessel dilations and small ulcer points; ulcers less than or equal 
to 4 mm long and ulcers greater than or equal to 5 mm long, recorded 
respective scores as 0.00; 1.00; 2.50 and 5.00. Finally, the ulceration 
surface, the percentage of ulcerated surface (%US), the ulcer index (IU) 
and the percentage of inhibition (%I) were calculated. 

The ulceration surface of a group is equal to the average of the products 
of the lengths and widths of the different lesions in the batch ± Mean 
Standard Error (MSE).  

The percentage of the ulcerated surface (%US) of a rat's stomach was 
calculated according to the following formula: %US = (Average ulcerated 
surface (mm2) / 675 mm2) x 100. 675 mm2 representing the average 
glandular surface of the stomach [25]. The ulcer index (UI) is the average 
ulcer score of each treatment ± MSE. 

    The percentage of ulcer inhibition of a given treatment is determined 
based on the negative control group according to the formula below, 

 
 % I = ((UI of negative control batch – UI of Experimental batch) /  
      (UI of the negative control batch)) x100  
 

2.8 Measurement of Mucus Production  

The mucus covering of each stomach was gently scraped using a glass 
slide and the mucus weighed carefully using a sensitive digital electronic 
balance. 

 
2.9 Evaluation of the Anti-Antioxidant Activity of the Methylene 

Chloride/Methanol Extract  

2.9.1 Preparation of Stomach Homogenates 

In an ice tray, 1 g of stomach from each animal was crushed and 
homogenized with 5 mL Tris-HCl buffer (50 mM). After centrifugation at 
5700 rpm for 30 min, the homogenate was recovered and stored in a 
freezer for the determination of reduced glutathione and 
malondialdehyde. 

 
2.9.2 Dosage of Reduced Glutathione (GSH) 

The reduced glutathione contained in the stomach was measured by the 
method written by Ellman [26]. In a test tube, 0.02 mL of stomach 
homogenate was mixed with 3 mL of Ellman reagent. After homogenizing, 
colouring was allowed to develop for 60 minutes at room temperature. 
The absorbance of each tube was then read at 412 nm. The calculation of 
the GSH rate was done using Beer-Lambert's law:  

 

DO = ε.l.C.  
GSH concentration = DO Vt / ε.L.Vi.morg 

 
2.9.3 Dosage of Malondialdehyde (MDA) 

The method described by Wilbur et al. [27] was used to determine the 
amount of malondialdehyde contained in the stomach. Two milliliters (2 
mL) of stomach homogenate were mixed with 1 mL of 20% trichloroacetic 
acid and 2 mL of 0.67% thiobarbituric acid. The tubes were incubated in a 
water bath at 90 °C for 10 min. They were then cooled in tap water and 
centrifuged at 5700 rpm for 10 minutes. The supernatant was sampled 
and the absorbance was read at 532 nm. The malondialdehyde 
concentration was calculated using the molar extinction coefficient (ε). 

 

MDA concentration = DO Vt / ε.L.Vi.morg 
 

DO: optical density measured at 530 nm; ε: molar extinction coefficient 
= 1.56x105 cm-1 mmol-1;   l: length of the tank (1 cm); Vt: total volume of the 
homogenate; morg:  mass of organ used to prepare the homogenate; Vi : 

volume used for dosing ; GSH concentration in tissue (mmol/g) ; MDA 
concentration in the tissue (nmol/g) 
 

2.9.4 Statistical Analysis 
The results were expressed as an arithmetic mean ± Mean Standard 

Error. These results were analyzed using GraphPad InStat (D) software at 
5% probability (p < 0.05) by variance analysis (One Way ANOVA), 
followed by the Tukey test for mean comparisons. 
 

3. Results and Discussion 

3.1 Extraction Yields 

Methylene chloride/methanol, hexane, methylene chloride and ethyl 
acetate used to obtain different extracts. The maceration of 100 g of dry 
powder of E. africana stem barks permitted to obtain 10 g of methylene 

chloride/methanol extract, for an extractive yield of 10.00%. The 
successive exhaustion of 8 g of methylene chloride/methanol extract in 
hexane, methylene chloride and ethyl acetate given 2.52 g of hexane 
extract, 3.25 g of methylene chloride extract, and 1.60 g of ethyl acetate 
extract for the extractive yields of 31.50, 40.63 and 20.02 respectively 
(Table 1). 
 
Table 1 Extraction yields 

Extracts Yields (%) 

MET. CHL/METH 10.00 

HEX. 31.50 

MET. CHL 40.63 

EA 20.02 

RES  7.85 

[MET. CHL/METH : methylene chloride/methanol extract ; HEX : hexane extract ; 
MET.CHL : methylene chloride extract ; EA :  ethyl acetate extract ; RES : residual extract 
of E. africana] 

 

3.2 Phytochemical Composition 

Medicinal plants contain a number of secondary metabolites which 
serves as biological activity in them. To detect the presence of large 
chemical families of compounds with antimicrobial, antiulcer and 
antioxidant properties, some phytochemical tests have been performed. 
The results show that the methylene chloride/methanol extract of E. 
africana contains flavonoids, phenols, saponins, anthocyanins and tannins 
(Table 2). However, it is free from alkaloids. These results corroborate 
with the findings obtained by Tibiri et al. [15] and Njayou et al. [28] 
respectively on aqueous extract and methylene chloride/methanol extract 
of stem bark of E. africana. 
 
Table 2 Phytochemical composition of methylene chloride/methanol extract of E. 
africana 
Secondary metabolites methylene chloride/methanol extract of 

Entada africana 

Alcaloïdes - 

Anthocyanins + 

Flavonoids + 

Phenols + 

Saponins + 

Tannins + 

- : absence        + : presence 
 

Table 3 Inhibition diameters (in mm) of the extracts of Entada africana 
 

MET. 

CHL/METH. 

E.A. MET. CHL. HEX. RES. GENT. 

B.C. 10.50 ± 0.50 15.00 ± 

1.00a 

10.50 ± 

0.50 

12.50 ± 

0.50 

0.00 ± 

0.00 

24.00 ± 

1.00b 

STA. 10.00 ± 0.00 15.00 ± 

0.00a 

11.00 ± 

0.00 

11.00 ± 

1.00 

0.00 ± 

0.00 

24.50 ± 

0.50b 

E.C. 10.50 ± 0.50 16.50 ± 

0.50a 

11.50 ± 

0.50 

11.00 ± 

0.00 

0.00 ± 

0.00 

25.00 ± 

0.00b 

KLE. 11.00 ± 0.00 18.00 ± 

1.00a 

13.00 ± 

0.00 

10.00 ± 

1.00 

0.00 ± 

0.00 

28.50 ± 

1.50b 

PSE. 13.00 ± 0.00 17.50 ± 

0.50a 

14.50 ± 

0.50 

0.00 ± 0.00 0.00 ± 

0.00 

22.50 ± 

0.50b 

SAL. 11.50 ± 0.50 16.00 ± 

0.00a 

0.00 ± 0.00 0.00 ± 0.00 0.00 ± 

0.00 

26.50 ± 

0.50b 

MET. CHL/METH: Methylene chloride/Methanol extract ; E.A.: ethyl acetate extract ; 
MET. CHL.: methylene chloride extract ; HEX: hexane extract ; RES: residual extract ; 
GEN: gentamicin ; B.C: B. cereus ; STA: S. aureus ; E.C.: E. coli ; KLE: K. pneumoniae ; PSE: 
P. aeruginosa ; SAL: S. typhi]. The values in the same line with different letters are 
statistically different at the 5% probability threshold 

 
3.3 Antibacterial Activity of Extracts 

The evaluation of antimicrobial activity of extracts was done by 
measuring the diameter of the inhibition zone around the well. The results 
show that the growth of bacterial species tested was inhibited in petri-
dishes (agar well diffusion test) by extracts of E. africana excepted hexane 
extract on P. aeruginosa and S. aureus and methylene chloride extract on 
S. aureus. The diameters of inhibition zones obtained ranging from 10.50 
mm ± 0.50 to 18.00 mm ± 1.00 (Table 3). These extracts exhibited the 
lowest activity on S. aureus with inhibition diameters between 10.50 mm 
± 0.50 and 13.00 mm ± 0.50. P. aeruginosa and K. pneumoniae were the 
most sensitive species to the methylene chloride/methanol extract with 
inhibition diameters reaching 13.00 mm ± 0.50. The ethyl acetate extract 
showed a greater inhibiting activity (p <0.05) on all bacterial species 
tested compared to other extracts. Its inhibition diameters varied from 
15.0 mm ± 0.5 to 18.00 mm ± 1.00. The residual extract from the splitting 
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of the methylene chloride/methanol extract was not active on any germ. 
However, gentamicin was more active with inhibition diameters ranging 
from 22.5 mm ± 0.5 to 27 mm ± 1.00. 
 
Table 4 Inhibition parameters of the extracts of E. africana 

Strains  

Compound  

Parameters E.       

coli 

K. 

pneumoniae 

P. 

aeruginosa 

S.   

typhi 

S.   

aureus 

B. 

cereus 

 E. africana 

(Crude 

extract)  

MIC 

(mg/mL) 

3.13 3.13 6.25 6.25 6.25 6.25 

MBC 

(mg/mL) 

12.5

0 

12.50 12.50 25.0

0 

25.00 50.00 

MBC/MIC 4.00 4.00 2.00 4.00 4.00 8.00 

 E. africana 

(Ethyl 

acetate 

fraction)  

MIC 

(mg/mL) 

1.56 1.56 1.56 3.13 3.13 3.13 

MBC 

(mg/mL) 

6.25 3.13 3.13 6.25 6.25 50.00 

MBC/MIC 4.00 2.00 2.00 2.00 2.00 16.00 

 E. africana 

(Methylen

e chloride 

fraction)  

MIC 

(mg/mL) 

3.13 3.13 - - - 3.13 

MBC 

(mg/mL) 

12.5

0 

12.50 - - - 50.00 

MBC/MIC 4.00 4.00 - - - 16.00 

 E. africana 

(Hexane 

fraction)  

MIC 

(mg/mL) 

1.56 1.56 - - - 3.13 

MBC 

(mg/mL) 

12.5

0 

12.50 - - - 50.00 

MBC/MIC 8.00 8.00 - - - 16.00 

Gentamicin MIC 

(µg/mL) 

5.00 5.00 5.00 5.00 5.00 10.00 

MBC 

(µg/mL) 

10.0

0 

10.00 10.00 10.0

0 

10.00 20.00 

MBC/MIC 2.00 2.00 2.00 2.00 2.00 2.00 

E. coli: Escherichia coli; K. pneumoniaea: Klebsiella pneumoniaea; P. aeruginosa: 
Pseudomona aeruginosa;  S. typhi: Salmonella typhi; S. aureus: Staphylococcus aureus; 
B. cereus : Bacillus cereus 
 

The data summarized in Table 4 below shows that, the methylene 
chloride/methanol, hexane, methylene chloride and ethyl acetate extracts 
of E. africana have antibacterial activity on at least three of six tested 
bacteria with MICs ranging from 1.56 to 6.25 mg/mL. The most active 
extracts were those obtained by methylene chloride/methanol and ethyl 
acetate. They were active on all six bacterial species used at concentrations 
tested. The lowest MIC value (1.56 mg/mL) was obtained with ethyl 
acetate and hexane extracts against E. coli and K. pneumoniae. Methylene 
chloride and hexane extracts have MICs greater than 50 mg/mL on P. 
aeruginosa, S. aureus and S. typhi. With MBC/MIC ratios less than or equal 
to 4, the methylene chloride/methanol and ethyl acetate extracts showed 
bactericidal activities on E. coli, K. pneumoniae, P. aeruginosa, S. typhi and 
S. aureus. All the extracts have a bacteriostatic effect on B. cereus 
(MBC/MIC  4). This antibacterial activity exerted by the extracts of E. 
africana remains lower than that of gentamicin, which has a bactericidal 
activity against all germs tested with MICs of about 5 µg/mL. 

The growth inhibition of E. coli, S. aureus, S. typhi, B. cereus, K. 
pneumoniae and P. aeruginosa on plate agar and the minimum inhibitory 
and bactericidal concentration of extracts obtained show antibacterial 
properties of E. africana extracts. This antibacterial activity can be 
explained by the presence in the extracts of various groups of secondary 
metabolites potentially active. In fact, the phytochemical screening 
revealed that methylene chloride/methanol extract contains phenolic 
compounds as flavonoids and tannins. Kil et al. [29], Al-Habib et al. [30], 
Kumar et al. [31] and Souza et al. [32] reported that the antimicrobial 
activities of some plant extracts are due to high grade of phenolic 
compounds. Cushinie and Lamb [33] suggested that flavonoids are able to 
damage cytoplasmic membrane (perforation and/or reduction of 
membrane fluidity), inhibit synthesis of nucleic acids (caused by inhibition 
of topoisomerase) and inhibit energetic metabolism (caused by inhibition 
of NADH-cytochrome C reductase). The antimicrobial action of tannins 
may be related to the fact that these compounds are able to complex 
macromolecules such as polysaccharides and proteins. Tannins may cause 
denaturation and consequently change the proteins of the bacterial cell 
membrane. This action occurs with proteins due to non-specific 
interactions, such as hydrogen bridges, hydrophobic effects, and through 
covalent bonds [34] in Pandini et al. [35]. 

Many studies have demonstrated antimicrobial activity of plants 
commonly used by traditional medicine [36-41]. Fabry et al. [42] 
suggested that the crude extract was active in the case of MIC < 8 mg/mL. 
Furthermore, in a study carried out by Pandini et al. [35], it was considered 
that if the extracts displayed an MIC less than 12.5 mg/mL, the 

antimicrobial activity was high, from 12.5 to 25 mg/mL, the antimicrobial 
activity was moderate, from 50 to 100 mg/mL, the antimicrobial activity 
was weak and over 100 mg/mL, the extract was considered inactive. In 
this study, the MICs obtained were less than 12.5 mg/mL and considered 
promising. The antibacterial activity of these extracts herein reported 
corroborates those of Silva et al. [43] with MIC of 1.56 mg/mL on S. aureus 
and those of Fabry et al. [42] with MIC50 of 8 mg/mL on the tested 
bacteria. However, these results aren’t consistent with those obtained by 
Teke et al. [36] and Tchana et al. [38]. The differences observed between 
these results could be justified by the fact that these plants were harvested 
in different regions. Indeed, the study carried out by Inacio et al. [44] have 
shown that antimicrobial activity of medicinal plants would be influenced 
by some factors as climate, seasons of the year, phenological stage, 
temperature, altitude, humidity, soil constituents, plant age. These factors 
can significantly affect the quality and or quantity of bioactive compound 
in medicinal plants [45, 46].  

According to the synergism between the bioactive compounds that are 
extracted by the solvent or to the method of extraction employed, the raw 
extracts of plant can many times present a lower antimicrobial activity 
against pathogens [47, 48]. So, the use of solvent with different polarities 
in the achievement of the extracts promoted a differentiated antibacterial 
activity in this study. This reflects an increase in the antibacterial activity 
of this plant through splitting. The ethyl acetate extract gave the best 
activities. The ethyl acetate is a solvent of medium polarity, a trait that 
enables the extraction of some chemical classes of secondary metabolites 
[49]. The bactericidal and bacteriostatic activities of these extracts further 
justified the use of E. africana stem bark in traditional medicine for the 
treatment of gastrointestinal infections. 

 
3.4 Anti-Ulcerogenic Activity  

The results presented in Table 5 below show that the methylene 
chloride/methanol extract of E. africana inhibits the formation of 
indomethacin-induced gastric lesions in rats. This inhibition was 
accompanied by an increase in mucus mass from 57.95 ± 4.10 mg in 
negative control animals to 94.67 ± 5.35 and 102.21 ± 8.81 mg in animals 
treated with 200 and 400 mg/kg, respectively. This anti-ulcerogenic 
activity of the methylene chloride/methanol extract of E. africana resulted 
in a reduction in ulceration surfaces from 10.90 ± 0.33 mm2 in negative 
control animals to 4.25 ± 0.22 and 3.50 ± 0.18 mm2 when the extract was 
administered at doses of 200 and 400 mg/kg, respectively. In addition, the 
ulceration index, with a value of 2.84 ± 0.12 in negative control animals, 
increased to 1.98 ± 0.24 (an inhibition percentage of 30.28%) and 1.36 ± 
0.14 (an inhibition percentage of 52.11%) when the crude extract was 
administered in animals at 200 mg/kg and 400 mg/kg, respectively. 
Sucralfate, the reference anti-ulcer agent used at 60 mg/kg, significantly 
(p <0.01) inhibited the ulcerogenic effect of indomethacin on the gastric 
mucosa. This inhibition resulted in a decreased surface area with 
ulceration index to 0.90 ± 0.14 mm2 and 1.12± 0.31, respectively, 
representing an inhibition percentage of 60.56%. The results obtained 
justify the cytoprotective properties of the stem bark of E. africana. These 
results showed that the methylene chloride/methanol extract of E. 
africana at 200 and 400 mg/kg significantly (p <0.5) protects the gastric 
mucosa against indomethacin-induced damage. This cytoprotection was 
accompanied by significant mucus production (p <0.05) in test animals. 
This meant that the methylene chloride/methanol extract of E. africana act 
by stimulating prostaglandin synthesis. Indeed, natural compounds can 
exert a cytoprotective effect by inducing the expression of 
cyclooxygenases in the gastric mucosa [50]. Cyclooxygenases catalyse the 
synthesis of prostaglandins from arachidonic acid. Prostaglandins are 
substances that promote mucus secretion and play an important role in 
maintaining the integrity of the stomach lining against irritants [51]. 
Mucus in combination with bicarbonate forms a thick protective layer of 
the gastric mucosa against corrosive agents. Another mode of action would 
be direct mucosal stimulation by the extract similar to that of 
prostaglandins, and not related to endogenous prostaglandins. Tan et al. 
in 2000 [52] showed that plant extracts could produce their anti-
ulcerogenic activity through mechanisms similar to those of 
prostaglandins. This cytoprotective activity could be attributed to the 
phenolic compounds present in the crude extract of E. africana. In 
addition, flavonoids have been shown to increase the number of neutral 
glycoproteins, mucus secretion and bicarbonate ions [53], increase the 
content of endogenous prostaglandins in the mucosa and inhibit acid 
secretion [54]. Tannins precipitate microproteins at the site of peptic 
ulcer, forming a promote resistance to the action of proteolytic enzymes, 
an associated activity against Helicobacter pylori [55]. However, inhibition 
of prostaglandin synthesis does not appear to be the exclusive mechanism 
for induction of gastric lesions by non-steroidal anti-inflammatory drugs. 
Other mechanisms such as induction of oxidative damage through 
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increased lipid peroxidation and inactivation of peroxidases in the gastric 
mucosa are also involved [56]. 
 

Table 5 Effects of Methylene chloride/Methanol extract on indomethacin-induced 
gastric ulcer 
 

Treatment Dose 

(mg/kg) 

Avg. 

mucus 

mass (mg) 

Ulceration 

surface 

(mm2) 

Ulcerated 

surface 

% 

Ulceration 

index 

Inhibition 

(%) 

DMSO 10%  - 57.95 ± 

4.10a 

10.90 ± 

0.33a 

1.61 2.84 ± 

0.12a 

- 

MET 

CHL/METH 

extract 

200 94.67 ± 

5.35 b 

4.25 

±0.22 c 

0.63 1.98 ± 

0.24 b 

30.28 

400 102.21 ± 

8.81 c 

3.50 ± 

0.18 c 

0.52 1.36 ± 

0.14 c 

52.11 

Sucralfate 60 75.17 ± 

4.13a 

0.9 ± 0.14 

d 

0.13 1.12 ± 

0.31 c 

60.56 

The values in the same column with different letters are statistically different at the 5% 
probability threshold. 

 

3.5 Antioxidant Activity (Reduced Glutathione and Malondialdehyde Levels) 

The evaluation of antioxidant activity of methylene chloride/methanol 
extract was done by determination of reduced glutathione and 
malondialdehyde levels in stomach homogenates. Indomethacin 
administered at a dose of 50 mg/kg body weight resulted in a decrease in 
reduced glutathione level in the stomach tissue. The latter decreased from 
0.28 ± 0.03 mmol/g of tissue in normal animals to 0.16 ± 0.02 mmol/g of 
tissue in negative control animals. Pre-treatments with methylene 
chloride/methanol extract at doses of 200 and 400 mg/kg body weight 
increased the concentration of reduced glutathione (0.22 ± 0.05 and 0.32 
± 0.15 mmol/g organ, respectively). Indomethacin increased the MDA 
level in the stomach tissue. It increased from 4.60 ± 1.21 nmol/g of tissue 
in normal animals to 8.68 ± 1.68 nmol/g of tissue in negative control 
animals. This MDA level was reduced by pre-treatment with methylene 
chloride/methanol extract. Compared to the negative control, this 
reduction was significant (p<0.05) at 400 mg/kg (3.54 ± 0.93 nmol/g).  

 Exposure of membrane lipids to oxygen-derived free radicals 
stimulates their peroxidation. MDA, a by-product of this lipid peroxidation, 
indicates the presence of oxidative stress in tissues [57]. Thus, the 
decrease in reduced glutathione level associated with the increase in MDA 
level in the homogenates of stomach tissue in negative control animals 
reflects the oxidative effect of indomethacin on the stomach of rats. 
However, the increased reduced glutathione level and decreased MDA 
level observed in pretreated animals have shown that E. africana bark 
prevents oxidative stress induced by indomethacin in the stomach tissue. 
This increase in reduced glutathione level would show that the reactive 
oxygen species produced in the stomach tissue have been managed by 
antioxidant enzymes other than glutathione peroxidase. Catalase is an 
enzyme that is extremely active in the management of reactive oxygen 
species. It is most active when the oxidative stress level is high or the 
amount of glutathione peroxidase is limited. In addition, the methylene 
chloride/methanol extract of E. africana could exercise its antioxidant 
activity by directly trapping free radicals. Njayou et al. [28] showed that 
this plant has strong antioxidant properties. This activity would be 
attributed to the polyphenols present in this extract. Indeed, phenolic 
compounds are antioxidants in vitro and are capable of producing in vivo 
antioxidant protection against biomolecular damage and peroxidation of 
cell membranes [58, 59].  

In addition, Zayachkivska et al. [53] have demonstrated that 
polyphenolic substances have anti-inflammatory activity on the 
gastrointestinal tract; they activate tissue repair through the expression of 
several growth factors, antioxidant activity and the trapping of reactive 
oxygen species. 
 

4. Conclusion 

Natural substances are becoming increasingly important in therapy. 
Indeed, medicinal plants are real chemical factories from which maximum 
benefit should be derived. This study focused on the evaluation of the 
antibacterial and anti-ulcerogenic activities of the bark of Entada africana. 
The results obtained showed that the trunk bark of E. africana contains 
polyphenols. This bark has antibacterial activity in vitro, protect rat 
stomachs from indomethacin-induced damage and prevent oxidative 
stress in stomach tissue. These antibacterial and anti-ulcerogenic 
properties of E. africana bark highlighted in this work would explain the 
use of this plant in traditional medicine for the treatment of 
gastrointestinal disorders. 
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