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Abstract

The objective of this study was to evaluate the antibacterial and wound healing properties of the ethanol extract of
Terminalia superba’s bark. In vitro tests were realized on it. Antibacterial activity and in vivo wound healing
properties of the ethanol extract on infected lesions by reference strains of Escherichia coli ATCC 25922 and
Staphylococcus aureus ATCC 25923 in Wistar rats were also evaluated. Thirty-two rats were divided into eight lots
of four rats each. Two lots infected and treated with gentamicin, two control groups infected but untreated and a
negative control group nor uninfected nor untreated were used. The last three lots were treated with the ethanol
extract.

Bacteriological tests on the reference strain of S. aureus ATCC 25923 and E. coli ATCC 25922 respectively
showed a Minimum Inhibitive Concentration of 0.078 mg/ml and 10 mg/ml. The ethanol extract has a real healing
potential and antibacterial activity against reference strains used. These antibacterial properties engage T. superba
in the process of developing an improved traditional medicine.
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Introduction
Since the insertion of antibiotics in human and veterinary medicine,

antibiotic resistance problems in bacteria started increasing
consistently [1,2]. This expansion of multi-resistant germs is due to the
self-medications and the misuse of medicines. The raising of
therapeutic failures due to the emergence of antibiotics multi-resistant
germs requires the use of new and effective sources that are cheap and
more accessible for our populations. These requirements could
therefore be met by pharmacopoeia plants. Thus, Africa’s biodiversity
represent an important asset in searching new therapeutic approaches
against infections caused by multi-resistant bacteria. Many species of
plants with therapeutic properties were recorded with pharmacognosia
research [3-5].

Therefore several species of plants with antibacterial potential were
recorded in the literature. Out of these plants, Terminalia superba
turned out to be effective with its inhibitive properties against the
growth of betalactamin multi-resistant bacteria. These properties has
been explained by production of broad-spectrum betalactamase [6]. T.
superba is widespread in West and Central Africa. It is known for its
multiple qualities such as antifungal [7] and hypoglycemic ones [8].
According to the literature, T. superba is useful to treat infectious and
parasitic diseases. Usually, the bark of the plant is the most used.
Alone or in combination, it serves to treat some broncho-pulmorary
ailments [5], diarrhea and gonorrhea [4]. The confirmation of the
antibacterial properties of T. superba needs the demonstration of its
therapeutic effectiveness. It is then important to identify the best
introduction way according to the degree of purity of the extract used.
Moreover it seemed unachievable for our research team to apply the
plant as ethanol extract by oral route. Hence the cutaneous application

has been imposed for this study. Furthermore, in developing countries,
cutaneous infected wounds are very common because of the poor
hygienically conditions [9].

This information reinforces the choice about the search for the
antibacterial effects of T. superba on cutaneous infections. Wound
healing involves many mechanisms. These mechanisms were ascribed
to some chemical lineages extracted from plants.

Material
T. superba was the vegetable material. Animal material was about

both sexes of albino Wistar rats with a body weight ranging from 200
to 300 grams. These rats were bred in the animal house of the Research
Laboratory of Applied Biology.

Methods
It was an experimental study with two steps. First of all, in vitro step

was carried out on the reference strains of S. aureus ATCC 25923 and
E. coli ATCC 25922. Then in vivo step was done on the Wistar rats.

Preparation of the ethanol extract
The barks of T. superba were dried under an ambient temperature

of 25°C and then powdered. 1500 ml of ethanol at 96% was added to
150 g of powder. The mixture was subjected to a continuous agitation
for 72 hours and then filtered. The filtrate was evaporated using a
BUCHI ROTAVAPOR RE 300. The obtained ethanol extract has then
been used for the tests on the rats. In order to determine the needed
amount of extract of the study, this test was repeated as several times
as possible. Finally, the yield was computed in accordance with the
formula used by et al. [10].
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In vitro assessment of the antibacterial properties of the
ethanol extract

The antibacterial properties of T. superba were assessed to
determine the minimal inhibitive concentration of the extract towards
the reference strains of S. aureus ATCC 25923 and E. coli ATCC
25922. The reference strains were collected from the National
Laboratory of Public Health of Benin and subcultured on Eosine
Methylen Blue and Chapman respectively for E. coli and S. aureus.

Determination of the minimal inhibitive concentration
(MIC)

The plant extract was dissolved in DMSO at 10% for a
concentration of 100 mg/ml. The extract’s sterility was verified by
sowing on Mueller Hinton (MH) and Tryptocase soja agar. Dilutions
of 50 mg/ml at 3.10-3 were made in sterile distilled water. The original
concentration of 100 mg/ml has also been tested. For the test’s
validation, some controls were performed by sowing the distilled water
and the DMSO on MH in order to verify their sterility. Likewise, a
bacterial suspension at 3.105 germs per ml was sowed on MH media
and also on MH+DMSO media to check for the effect of DMSO on the
bacterial growth. An enough colony of each strain was sowed in 5 ml
of Trytocase Soja broth. This suspension was incubated at 37°C for 18
to 24 hours. At the second day, the bacterial suspension was diluted at
1/100. The concentration of that dilution was around 106 bacteria per
ml. In some Petri dishes, 2 ml of each extract dilutions was mixed with
18 ml of melted MH agar. The final concentrations of the extract in the
Petri dishes overlapped from 10 mg/ml to 3.10-4 mg/ml. After
homogenization and solidification, the Petri dishes were dried for 30
minutes at 37°C. 50 µl of the bacterial suspension’s dilution was laid
out on the Petri dishes and these are then incubated at 37°C for 18 to
24 hours. The Petri dishes were read after incubation and the MIC was
determined.

In vivo evaluation of the antibacterial effect and wound
healing potential of T. superba

The Wistar rats were divided into eight lots of four rats each. All
rats of the same lots were treated in identical conditions. The
antibacterial effect and the wound healing potential of the ethanol
extract of T. superba’s bark were evaluated after induction of lesions
that are later infected by E. coli and S. aureus.

Induction of lesions
After measuring their weight, the rats were anaesthetized by

intraperitoneal injection of thiopental at 60 mg/kg body weight. After
shaving the back of the rats, an aseptic surgery was applied at that area.
By excision, 2.25 cm2 of wound was created using a sterile blade from
the shaved area up to the under cutaneous tissue by taking care for the
dermis [11].

Infection of the lesions
After the step of lesions’ induction, E. coli and S. aureus were used

to infect them. These germs have been subcultured on EMB and
Chapman respectively for E. coli and S. aureus. A bacterial suspension
was then prepared in Tryptocase Soja agar. This bacterial suspension
was diluted in a sterile distilled water so as to obtain 106 bacteria per
ml. 0.1 ml of that suspension was then applied on the created lesions in
rats. After 24 hours, a sowing was achieved to testify the presence of

bacterial infection. The procedure was modified regarding the
technique used by Abo et al. [12]. The lesions were treated topically 24
hours after their infection and then once every 2 days for 21 days.

The various lots of rats used for the experimentation were
distributed as follow:

Lot 1: negative control rats, lesions neither infected nor treated

Lot 2: rats with uninfected lesions but treated with the ethanol
extract of T. superba‘s barks at 100 mg/ml of concentration

Lot 3: rats with lesions infected by E. coli and treated with the
ethanol extract of T. superba‘s barks at 100 mg/ml of concentration

Lot 4: rats with lesions infected by E. coli but untreated

Lot 5: rats with lesions infected by S. aureus and treated with the
ethanol extract of T. superba’s barks at 10 mg/ml of concentration

Lot 6: rats with lesions infected by S. aureus and untreated

Lot 7: rats with lesions infected by S. aureus and treated with
gentamicin at 40 mg/ml of concentration (positive control)

Lot 8: rats with lesions infected by E. coli and treated with
gentamicin at 40 mg/ml concentration (positive control)

Parameters assessment
The presence of the bacteria was noticed after the sowing every 02

days following the infections of the lesions and their treatment with
the ethanol extract of T. superba‘s barks in rats. For E. coli, the culture
was done in EMB to assess the inhibitive activity of T. superba on the
bacteria. It was the same procedure for S. aureus where the sowing was
done in Chapman. The identification and the resistance profile of each
reference strains were made at the beginning and the end of the
protocol.

After taking the picture of each wound, the gradual changes in the
lesions’ evolution were recorded by drawing their edge on a clean and
transparent paper every 04 days after the infection and treatment with
the ethanol extract. The whole process lasted 21 days [12].

Statistical Analysis
Data were analyzed using analysis of variance (ANOVA) with

repeated measures, the simple variance test, and Waller Duncan
multiple comparison test. The figures were drawn with GraphPad
Prism software. The statistical analyses were done with the software R
version 3.0.2. The significant level used was 5%.

Results

Antibacterial properties of the ethanol extract
This study allowed determining the minimal inhibitive

concentration of the ethanol extract on the reference strains of E. coli
ATCC 25922 and S. aureus ATCC 25923. 10 mg/ml is the
concentration that inhibited the growth of E. coli ATCC 25922. The
MIC obtained for the reference strain S. aureus ATCC 25923 is 0,078
mg/ml. The culture of S. aureus and E. coli on MH (30 colonies) and
on MH added with DMSO (30 colonies) revealed that DMSO have no
inhibitive action on these strains. The various concentrations tested
and the MIC determined is displayed in the Table 1.
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Presence or absence of colony

Concentrations tested (mg/ml) S. aureus E .coli

10 - -

5 - +

2.5 - +

1.25 - +

0.625 - +

0.312 - +

0.156 - +

0.078 -

0.039 +

0.019 +

0.009 +

0.004 +

0.002 +

0.001 +

Table 1: Minimal inhibitive concentration of the strains . - : Absence of Colony ; +: Presence of Colony

In vivo assessment of the antibacterial properties and the
wound healing potential of the ethanol extract

Antibacterial and wound healing properties of the ethanol extract
on the lot of rats whose lesions were infected by E. coli: The

bactericidal effect of the ethanol extract at 100 mg/ml on the reference
strain of E. coli ATCC 25922 was noticed after 05 days. The same
outcome was obtained after 15 days with the positive control and after
03 days in the lots treated with gentamicin at 40 mg/ml (Table 2).

Days

Treatments

D3 D5 D7 D9 D11 D13 D15 D17 D19 D21

Positive control + + + + + + - - - -

Reference - - - - - - - - - -

Treated + - - - - - - - - -

Table 2: Bactericidal effect of the ethanol extract. +: Presence of Colonies - : Absence of Colonies D: Day

At the end of the treatment, a significant decreasing of the mean of
the lesions’ diameters was recorded in the rats treated with the ethanol
extract at 100 mg/ml compared to the control. Likewise, a significant
reduction of the mean of the lesions’ diameters was recorded among
the rats treated with gentamicin and the control rats. The difference
between the control group and the one treated with the extract was
noticed from D7 to D17. Although, that difference was recorded from
D3 to D19 between the control lot and the reference lot. In fact, the lot
treated with the ethanol extract at 100 mg/ml healed completely after
17 days, the reference lot after 21 days and the control lot healed
beyond 21 days (Figure 1).

Antibacterial and wound healing properties of the ethanol
extract on the lot of rats whose lesions were infected by S.
aureus

The Table 2 show the bactericidal effect of the ethanol extract on
the reference strain of S. aureus ATCC 25923. The bactericidal effect of
the ethanol extract on the reference strain of S. aureus ATCC 25923
was recorded after 15 days. In fact, no bacterial growth was observed
after the sowing of a sample realized from the infection site on
Chapman (Table 2). That result was obtained after 9 days in the
positive control group and 03 days with the lot treated with
gentamicin at 40 mg/ml (Figure 2). A significant reduction of the
mean of the lesions’ diameters was recorded in the rats treated with the
ethanol extract at 10 mg/ml compared to the positive control group.
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Likewise, a significant reduction of the mean of the lesions’ diameters
was recorded among the reference lots and the control rats.

Figure 1: Curve relating the retraction of the infected lesions by E.
coli made in the lots of rats.

That decreasing was noticed between the control group and the one
treated with the extract at 10 mg/ml from D0 to D11 and D19, but at
D7 for the control lot and the reference lot. These findings translate a
complete healing of the lesions of the lots treated with the ethanol
extract after 19 days whereas the reference lot treated with gentamicin
healed completely after 21 days and the positive control group healed
beyond 21 days (Figure 2).

Figure 2: Curve relating the retraction of the infected lesions by S.
aureus made in the lots of rats.

Identification of the resistance profile of the strains
The Table 3 displays the resistance of the strains at the beginning

and the end of the protocol. The strains of S. aureus are coagulase +
and Dnase +. From the results of the antibiogram, we can deduce that
the resistance profiles are identical and it is really matter of reference
strains of E. coli and S. aureus at the beginning and the end of the
protocol.

Type of strains

Antibiotics

Extracted strain

(S. aureus)

Reference strain

(S. aureus)

Reference strain

(E. coli)

Extracted strain

(E. coli)

Gentamicin S S S S

Ofloxacin S S S S

Amoxicillin S S S S

Amoxicillin+clavulanic acid S S S S

Ceftriaxone

Ciprofloxacin

S

S

S

S

S

S

S

S

Nitrofurantoïne S S S S

Oxacillin S S S S

Chloramphenicol S S S S

Tetracycline S S S S

Erythromycin S S S S

Pristinamycin S S S S

Sulfamethoxazole+trimethoprim S S S S

Table 3: Resistance Profile of the strains. S: Sensible
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Wound healing potential of the ethanol extract on the non-
infected lesions done in rats

A significant reduction of the mean of the lesions’ diameters was
recorded (p<0.01) in the treated lot compare to the control. This
statistical difference was registered from D7 and D19 (Figure 3).

Figure 3: Differences between negative and treated lots.

Discussion
The various concentrations tested for the S. aureus strain allowed to

determine a MIC of 0.078 mg/ml. The research works on the barks of
Terminalia superba concern its anti-parasitic properties on
trypanosome, its vasodilator effect, its anti-diabetic properties and its
inhibitive action on alpha-glycosidase [8,13-15]. According to our
knowledge, no study achieved on the ethanol extract of Terminalia
superba’s barks about the strain S. aureus ATCC 25923 was underlined
in the literature. Moreover, some studies demonstrated the
antibacterial activity of several else species from Terminalia genus
(Combretaceae) on various microorganism such as S. aureus [16].
Thangavelu et al., [10] have proved that ethanol extracts of Terminalia
chebula and Terminalia bellerica possess an antibacterial activity on S.
aureus at MIC of 1.562 mg/ml.

The lowest MIC obtained in this study could be due to the main
feature of the reference strain that is to develop few resistance
mechanisms against antibiotics. Furthermore, the MH media
classically used to determine the MIC of the non-selective germs is less
favorable for a fast growth of S. aureus than the MH media with 5% of
NaCl required in the current practice in laboratory for revealing
heterogenic populations of S. aureus [17]. Thangavelu et al. [10] do
not have accurate data for this issue about the strain of S. aureus used.
Others research works demonstrated that tannins possess an
antimicrobial activity [18]. This could justify the antibacterial activity
of our extract that contains a lot amount of tannins. The inhibition of
the E coli strain was recorded at 10 mg/ml of concentration of the
ethanol extract in MH media. It corresponds to the concentration of
inhibition at 100% of E. coli [6]. This plant seems to conceal some
active substances that inhibit the metabolic process involves in the
growth of these bacteria.

The results of this study show a wound healing potential of the
ethanol extract of Terminalia superba’s bark. A significant difference

was observed from D7 to D19 in the lot of the rats whose lesions were
not infected but treated with the ethanol extract of Terminalia
superba’s bark compared to the rats of the negative control group. This
could originate from the presence in that plant of some tannins that
have astringents properties [18]. Multiple phytochemical compounds
like alkaloids are known for favoring the curative process of the wound
due to their antioxidant and antimicrobial activities [18]. The main
active agent of the ethanol extract responsible of the lesions’ retraction
and its mechanism is not elucidated. However, the phytochemical
screening indicated the presence of flavonoids. These compounds are
known to have a curative effect on wounds [19].

Others studies achieved on others species of Terminalia genus:
Terminalia arjuna and Terminalia bellerica (Combretaceae) showed
that the organs of these plants (respectively the stem and the fruit) are
used to heal wounds or cuts [20]. Tannins and flavonoids are present
in both plants. That can explain the wound healing potential of our
plant because of the similarity of the phytochemical compounds. It
also comes out of this study that the ethanol extract has an in vivo
antibacterial effect on E. coli. Gentamicin was used as a reference drug.
Amino glycosides act on the ribosome by interfering on the link with
the aminoacyl-RNAt and thus stop the protein synthesis [21].

Therefore, the ethanol extract of Terminalia superba’s bark could
contain some amino and glycosides compounds responsible of its
antibacterial activity on infected wounds [12]. Any in vivo research
about the antibacterial effect of the ethanol extract of Terminalia
superba’s bark was not achieved on that bacterium. However the in
vitro and in vivo results demonstrate that that plant has a real
antibacterial effect on E. coli. The literature reports also these
antimicrobial effects. According to Anago [6], T. superba is in vitro
active on E. coli. Moreover the results obtain with S. aureus proved the
in vitro antibacterial effect with a MIC of 0.078 mg/ml, but in vivo, the
disappearance of the germs was observed after 15 days under
treatment with the ethanol extract. The lateness to healing and
elimination of S. aureus on the infected lesions is paradoxical
regarding the very low MIC obtained at the in vitro bacteriological
tests. It could be evoked a faster speed of colonization of the infection
site by S. aureus compare to E. coli.

Conclusion
The results of this study showed that the ethanol extract of

Terminalia superba’s bark is effective against the reference E. coli
ATCC 25922 strain and possess a wound healing potential. That
extract is also very active in vitro against the reference strain of S.
aureus ATCC 25923 and its antibacterial effect was noticed in vivo
after 15 days of treatment. It will be interesting to test greater
concentrations of that extract on infected lesions or to create a
formulation from the powder of the bark of Terminalia superba
having a thick consistency in order to prolong the action duration of
the formulation in contact with the lesions.
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