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Background: Brucea antidysenterica is a well-known medicinal plant that has traditionally been used to treat a variety of ailments,
including wound healing. Supporting the traditional claims, wound healing, antibacterial, anti-inflammatory, and antioxidant activities
of the crude extracts of different parts of the plant were reported. The aim of this study was to evaluate the wound healing and
antibacterial activities of solvent fractions of the menthol leaf extract of Brucea antidysenterica.
Methods: Methanol (80%) leaf extract of Brucea antidysenterica was fractionated using three solvents; water, n-butanol and
chloroform. An ointment containing 2% and 4% of each fraction was formulated and applied to wounds inflicted on rats topically.
The wound contraction rate, period of epithelialization, and breaking strength were analysed. In vitro antibacterial activities were
tested using the agar diffusion method. The macro-tube dilution technique was used to determine the minimum inhibitory concentra-
tion (MIC), and the minimum bactericidal concentration (MBC) was determined by sub-culturing the MIC and concentrations below
the MIC.
Results: The 2% and 4% aqueous fractions (AF) significantly increased wound contraction (p 0.001) compared to the negative control
and increased tensile strength compared to untreated (p 0.001). Among the three fractions, the n-butanol fraction showed the highest
antibacterial growth inhibition, ranging from 8 mm (E. coli) to 16 mm (S. aureus).
Conclusion: Data obtained from this study collectively indicated that the aqueous fraction of 80% methanol leaf extract of B.
antidysenterica possesses wound healing and antibacterial activities.
Keywords: Brucea antidysenterica, wound healing activity, antibacterial activity, excision, incision, agar well diffusion, MIC, MBC

Introduction
A wound is defined as damage or disruption to the normal anatomical structure and function of a living tissue.1 This
ranges from a simple disruption in the epithelial integrity of the skin to deeper subcutaneous tissue involvement and also
damage to other structures, like muscle and bone.2 Wounds can arise from physical, chemical, thermal, microbial, or
immunological damage to a tissue or can be the result of a disease process like diabetes mellitus.

Wounds have considerable humanistic and economic burdens, both at individual and societal levels. A wound deters
individual quality of life and productivity; and is associated with major economic burdens on the health care system.3,4

The current situation worldwide estimate of people with chronic wounds rises to 6 million each year. In developed
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countries, 1–2% of individuals in a population acquire a chronic wound during their lifetime.5 Globally, the economic
burden of chronic wound is estimated to be nearly 2–4% of the health budgets.6

Wound healing is the complex and dynamic process of restoring the structure and function of damaged tissues. It
follows coordinated interactions between diverse immunological and biological systems.7,8 The interaction involves a
cascade of ordered and precisely regulated steps and events, which are divided into four overlapping but distinct phases,
ie, the hemostasis/coagulation phase, the inflammation phase, the proliferation phase, and the remodelling phase.9–11

Physiological wound healing process effectively restores the structural and functional states of injured tissues.
However, the healing process may be disrupted and wounds may be delayed from healing, heal incompletely, or become
chronic wounds.12 Wound infections are one of the most common causes of impaired wound healing. Even though the
existence of polymicrobial communities is common, bacteria are the most prevalent contaminants of wound healing.13

Traditional and complementary medicines are widely used globally for a number of disease conditions. Wounds and
skin disorders are among the major uses. It is reported that, one-third of all traditional medicines in use are indicated for
the treatment of wounds and skin disorders.14 Medicinal plants are the major remedies used in traditional medicine.
Moreover, antibacterial activity was found in essential oils and plant extracts from medicinal plants against resistant
fungal and bacterial strains.15–17 B. antidysenterica is a well-known medicinal plant with numerous reported uses, such as
treatments against scabies and wounds, leprosy, dysentery, gonorrhoea, eczema, fever, malaria, haemorrhoids, trypano-
somiasis, and others.5 The traditional use of this plant has been supported by scientific experiments for its wound healing
properties,5,18 anti-inflammatory,5,19 and antibacterial activities.19–22 The crude methanol extract of the leaves of this
plant has been studied to have anti-bacterial and wound healing activities. The effect of its solvent fractions on wounds
and bacteria, however, has not yet been evaluated. The aim of this study was, therefore, to evaluate the in vivo wound
healing and in vitro antibacterial activity of solvent fractions of methanol extract of B. antidysenterica.

Methods
Collection, Extraction and Fractionation of Plant Material
Fresh leaves of B. antidysenterica (Figure 1) were collected around Atawi, Wara Jarso woreda, Semen Shoa Zone,
Oromia Region, Ethiopia, around 170km north-west of Addis Ababa. Identification and authentication of the plant
material was done by a taxonomist at the National Herbarium unit of the Ethiopian Public Health Institute (EPHI), Addis
Ababa, Ethiopia, and a voucher specimen was deposited (BA012019) for future reference.

The powdered leaf was extracted using cold maceration. Methanol (80% (V/V)) was chosen as a solvent for its better
yield, obtained in previous studies on this plant.19,20 Erlenmeyer conical flasks, containing the extraction mixture, were
fixed on mini orbital shakers adjusted at 145 revolutions per minute (rpm) with periodic agitation for three days. Then,
the mixture was filtered with Whatman’s filter No.-1 paper, and the mark was re-macerated to have additional yield. The

Figure 1 Picture of Brucea antidysenterica (photograph taken by principal investigator during sample collection).
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combined filtrate was concentrated by a rotary evaporator at 40 oC and a water bath at 40 oC. The concentrate was frozen
and dried by lyophilisation, and a brownish crude extract was obtained.

The crude extract was further fractionated by successive solvent-solvent fractionation using water, chloroform, and
n-butanol. The crude extract was dissolved in 1/3 (W/V) of each solvent successively and separated in a separatory
funnel. The yields of the aqueous (AF), n-butanol (BF), and chloroform (CF) fractions were 73gm (61%), 25gm (21%),
and 16gm (13%), respectively.

Experimental Animals
Adult, healthy Wistar albino rats (Rattus norvegicus) of both sexes weighing 180–250g and aged 4–6 months were
obtained from the Ethiopian Public Health Institute (EPHI) and used for excision and incision wound models. Healthy
adult female Swiss albino mice (29–40 g) were obtained from the School of Pharmacy, Addis Ababa University, and used
for an acute toxicity study. The animals were housed under standard conditions with 12-hour light and dark cycles and
had free access to standard food and water ad libitum. Animals were acclimatized to the laboratory conditions for a week
before being subjected to any experiment. All the way through the experiment, the animals were handled according to
international laboratory animal use and care guidelines.23

Microbial Organisms
In vitro antibacterial activity of each solvent fraction was evaluated against gram positive bacteria, S. aureus and S.
pyogenes, and gram negative bacteria, E. coli, P. aeruginosa, and K. Pneumoniae. All bacterial strains were standard
strains (American Type Culture Collections (ATCC)) and obtained from the Department of Microbiology, Parasitology,
and Immunology, School of Medicine, Addis Ababa University, Addis Ababa.

Ointment Formulation
Simple ointments of each fraction were made according to the formula (Table 1) described in the British
Pharmacopoeia.24 The reduced formula was used to create 50 grams of 2% w/w and 4% w/w solvent fractions ointments
(Table 1).To prepare the simple ointment, the calculated amount of hard paraffin and cecostearyl alcohol were mixed and
melted in a beaker. Using a separate beaker, the mixture of wool fat and white soft paraffin was melted. After the two
mixtures were thoroughly mixed in the water bath, the former was added to the latter and then stirred until cooled. Then
2% and 4% ointments of each fraction were formulated by mixing 2g and 4g powders of each fraction with 98 g and 96 g
of the ointment bases, respectively.

Grouping and Dosing of Experimental Animals
For the excision wound model, nine groups of healthy adult rats (each of five rats) were used. Group I was treated with
simple ointment and used as a control. Groups II, III, IV, V, VI, and VII were treated with 2%AF, 4%AF, 2%BF, 4%BF,
2%CF, and 4%CF, respectively. The last two groups served as positive controls: Group VIII with 0.2% nitrofurazone
(NF) and Group IX with MEBO.

Table 1 Formula Used to Formulate Simple Ointment and Medicated Ointment

Ingredients Master Formula Reduced Formula

Wool fat 50g 2.5 g

Hard paraffin 50g 2.5 g

Cetostearyl alcohol 50g 2.5 g

White soft paraffin 850g 42.5g

1000g 50g
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For the incision model of wound healing, ten groups of rats with five rats each were used. Groups I to IX were treated
in the same way as described for the Excision model, and Group X was left untreated and served as a negative control.

Acute Oral and Dermal Toxicity Studies
An acute toxicity study was carried out in accordance with the OECD guidelines for chemical testing OECD/OCDE-
425.23 For each fraction of the test samples, a group of three healthy female Wistar albino rats (180–200 kg) were used
for the test. The animals were then followed for clinical signs of toxicities like changes in skin and fur, eyes, mucus
membranes, and respiratory system, autonomic system, gross weight change, motor activity, and behavioral patterns.

The acute dermal toxicity test was done according to the OECD guideline for the test of chemicals OECD: 434 with
slight modification.25 Twenty-four hours prior to the application of test ointment, dorsal fur (around 10% of body surface
area) was shaved and the animals were housed in individual cages. On the test day, 2% and 4% w/w ointment
preparations of each solvent fraction were applied as thin films uniformly to the shaved area. After 24 hours of exposure,
residual ointment was removed, and animals were observed for a day periodically for any sign of dermal toxicity, then
daily for the development of any delayed toxicity for two weeks.

Wound Healing Studies
Excision Wound Model
Before wound formation, animals were anesthetized with intraperitoneal (IP) administration of 80 mg/kg of ketamine
HCl. The dorsal fur was then shaved, and a circular area of 314 mm was marked with a standard material, and the full
thickness of the marked circular area was excised out with sterile surgical scissors (Figure 2A and B). Rats were housed
in individual cages on the wounding day, which was considered day 0. After 24 hours of wounding, tests and control
ointments were applied and continued once daily until the wound healed. Wound closure was monitored and wound area
was measured on the 2nd, 4th, 6th, 8th, 10th, and 22nd days. The wound contraction for each day of measurement was
calculated based on the initial wound size as stated in the formula below.26–29 In addition; the number of days required
for the fall of dead tissue remnants without any residual raw wound was measured as the epithelialization period.30

%Wound contraction ðwound closureÞ ¼
Initial wound area � wound area at day n

Initial wound area
� 100

Where “n” = number of measurement days (2nd, 4th, 8th, 12th … 0.22nd.

Incision Wound Model
On wounding day, animals were anesthetized using the same technique described for the excision model. Then, the dorsal
fur was shaved and a three-cm long longitudinal paravertebral incision was made through the skin and subcutaneous

Figure 2 Excision wounding of animals. 3A- circularly marked area to be excised, 3B - excised wound area.
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tissue (Figure 3A). The skin parted was sutured one centimetre apart (Figure 3B). Starting from day 1 of post-wounding,
animals were treated with test and control ointments, except the last group of animals, which were left untreated and used
as references. On day eight post-wounding, sutures were removed and treatment continued. Tensile strength was
measured on the 10th post-wounding day using a continuous water flow technique.31 (Figure 3C). Based on the tensile
strength measured, the percent of strength was calculated using the following formulas.32

%Tensile Sternth ofExtracts ¼
TSextract � TSso

TSso
� 100

%Tensile sterngth of reference ¼
TSreference � TSso

TSso
� 100

%Tensile sterngth of SO ¼
TSSo � TSLU

TSLU
� 100

Where; “SO” is an ointment without active substance (vehicle), and “LU” is left untreated (negative control).

Antibacterial Activity
Agar Well Diffusion Method
Agar (MHA) was prepared according to the manufacturer’s recommendation, and bacterial cultures were prepared to a
density of 108 cells mL−1 of 0.5 McFarland standards.33 The aliquot was spread evenly on to MHA or MHA enriched
with 5% sheep blood for S. Pyogenes. The medium was allowed to dry for 30 minutes at room temperature. After the
media hardened, the required numbers of wells were made with a sterile cork borer of 6 mm in diameter.

Test samples (solvent fractions) were prepared at a concentration of 500 mg/mL and 100 mg/mL using DMSO as the
solvent. Using a micropipette, 20µL of fraction samples and the negative control (DMSO) were loaded into the respective
wells as labeled using permanent marker on the Petri plates. A Ciprofloxacin 5µg/mL disc was used as a control. Plates
were left at room temperature for two hours and then incubated at 37 oC for 24 hours. After the incubation period, plates
were observed for inhibition of bacterial growth, and inhibition zones were measured using a scale.34,35

Figure 3 Incision wound experiment. Showing a 3cm longitudinal wound created on dorsal area of animals, sutured 1cm apart and the continuous water flow experiment to
investigate breaking strength of wound site.
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Determination of Minimum Inhibitory Concentration (MIC)
For fractions which showed a zone of inhibition greater than or equal to 7 mm for a certain organism, MIC was
determined using the broth macro-dilution method.34,35 For fractions which showed activity at a concentration of 500
mg/mL, the concentration was further diluted to 1:2 and 1:4, to have 250 mg/mL and 125 mg/mL, and fractions that
showed activity at 100 mg/mL were further diluted to 75 mg/mL, 50 mg/mL (1:2), 25 mg (1:4), 12.5 mg/mL (1:8), and
6.25 mg/mL (1:16).

Each fraction concentration was diluted in broth media by a factor of two, and 1mL was added to a standard test tube.
The standard inoculums were diluted in broth media as (1:150), and 1mL of the aliquot was added to each tube,
containing different concentrations of fractions. A tube without any test samples was used as a control for bacterial
growth. The tubes were covered and incubated at 37 oC for 24 hours. After incubation, bacterial growth was analysed;
the minimum concentration that did not show any visible bacterial growth was taken as MIC.34

Determination of the Minimum Bactericidal Concentration (MBC)
MBC was determined by sub-culturing solvent fractions having a value of less than or equal to the MIC value. From the
MIC test solutions, the contents were streaked using sterile cotton swabs on an agar plate and incubated at 37°C for 24
hours. The lowest concentration that yielded no single bacterial colony was taken as MBC.35

Preliminary Phytochemical Screening
Qualitative screening for the presence of secondary metabolites in each solvent fraction was performed using standard
tests described previously.5,19,21,36–38 The presence of alkaloids, saponins, flavonoids, terpenoids, phenols, glycosides,
and tannins were tested.

Statistical Analysis
Raw data were expressed as mean ± SEM (standard error of the mean). The results were statistically analyzed using one-
way analysis of variance (ANOVA) followed by Post Hoc Tukey -tests and data were considered significant at p < 0.05.
Statistical analysis was done using SPSS version 23.

Results
Toxicity Study
Aqueous, n-butanol and chloroform fractions of 80% methanol extract of B. antidysenterica leaves appeared to be safe up
to the dose of 2000 mg/kg, which was established by the absence of mortality and any sign of gross or behavioral toxicity
in mice up to two weeks. The LD50 of all three solvent fractions was greater than 2000 mg/kg.

It is revealed that neither 2% nor 4% ointment preparations of all solvent fractions showed any sign of inflammation,
redness, rash or irritation 24 hours after applications. No overt signs of toxicity were observed during monitoring for a
further 14 days.

Wound Healing Effects
Effect on Excision Wound Model
Only the aqueous fraction, as shown in Tables 2 and 3, appeared to have a promising effect on wound contraction and
epithelialisation period, whereas the n-butanol and chloroform fractions appeared to have a negative effect on healing.

At day 10, 2% and 4% showed significant wound contraction compared to simple ointment at day 10 (p 0.001) and
day 8 (p 0.05), respectively, and all measurement days afterward. On the last day of measurement, 2% and 4% AF
showed 97.5% and 98.39% of wound contraction, respectively (Figure 4). There was no discernible difference between
the standard drug and the AF-treated animals.

The period of epithelialization was shown to be short in AF and standard drug-treated groups compared to control
(Table 3). Although 2% AF ointment failed to produce a statistically significant difference in the period of epithelializa-
tion, those treated with 4% AF had a significantly shorter (p ˂ 0.001) epithelialization period compared to control.
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Table 2 The Effect of Solvent Fractions of 80% Methanol Extract of B. antidysenterica Leaves on Wound Contraction of Excision Wound in Rat

Group Wound Area (mm2)±SEM (% Contraction)

Day 2 Day 4 Day 6 Day 8 Day 10 Day 12 Day 14 Day 16 Day 18 Day 20

SO 298.66 ±6.85
(4.89)

266.02±8.35
(15.27)

257.54±9.35
(17.98)

230.4±17.75
(26.63)

194.28±11.86
(38.1)

137.2±7.7
(56.3)

104.06±14.14
(66.85)

69.38±9.55
(77.9)

42.84±6.40
(86.35)

26.02±3.70
(91.71)

2%AF 295.7 ±8.83
(5.82)

257.38±7.02
(18.03)

237.96±7.93
(24.22)

184.22±8.83
(41.33)

124.76±4.8 * b
(60.24)

79.04±7.03*c
(74.83)

50.8±5.18 *a
(83.82)

24.38±4.07 *c
(92.23)

16.82±3.84 *c
(94.64)

7.86±3.36*c
(97.5)

4%AF 284.02±13.33
(9.54)

251.88±9.37
(19.78)

222.04±9.95
(29.29)

173.4±16.14 *a
(44.77)

103.12±10.7*c
(67.15)

72.58±11.48 *c
(76.89)

42.72±9.66 *c
(86.4)

21.68±7.75*c
(93.1)

9.46±3.9 *c
(96.99)

5.04±2.78 *c
(98.39)

2%BF 307.86 ±6.14
(1.95)

268.82±6.46
(14.38)

261.4±9.91
(16.75)

266.6±14.83
(15.09)

248.9±5.5
(20.73)

238.24±10.73
(24.13)

– – – –

4%BF 310.9 ±3.1
(0.99)

286.34±3.04
(8.78)

302.11±12.56
(3.78)

308.2±11.76
(1.83)

307.86±6.14
(1.95)

– – – – –

2%CF 314 ±0 (0) 308.2±11.76
(1.83)

326.96±7.94
(−4.13)

320.48±6.48
(−2.06)

307.86±6.14
(1.95)

– – – – –

4%CF 307.86 ±6.14
(1.95)

314.3±9.95
(−0.1)

333.63±13.15
(−6.25)

333.32±7.89
(−6.15)

339.76±6.44
(−8.2)

– – – – –

NF 280.74 ±9.89
(10.58)

243.4±6.74
(22.48)

201.3±7.96 *b
(35.89)

160.94±8.25 *a
(48.74)

103.8±15.96 *c
(66.94)

58.78±6.71*c
(81.28)

30.7±3.87 *c
(90.22)

7.44±1.68 *c
(97.63)

1.4±0.71 *c
(99.56)

0 *c (100)

MEBO 283.6 ±8.27
(9.67)

246.6±12.08
(21.46)

211.42±7.46 *b
(32.67)

163.6±11.66 *a
(47.89)

105.82±9.63 *c
(66.29)

65.24±4.61*c
(79.22)

35.56±3.14 *c
(88.68)

10.74±2.56*c
(96.58)

2.33±1.28*c
(99.26)

0.04±0.04 *c
(99.99)

Notes: Values are expressed as mean ± SEM n=5 Westar rats in each group; analyzed by one way ANOVA followed by Tukey post hoc test; Day 2–20 are wound contraction measurement days; *: compared to the control; ap<0.05;
bp<0.01; cp<0.001. Missing data shows that n-butanol and chloroform fraction treatments were discontinued after day 10.
Abbreviations: SO, simple ointment base; AF, aqueous fraction; BF, n-butanol fraction, CF, chloroform fraction; NF, nitrofurazone ointment; MEBO, moist exposed burn ointment.
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Effect on Incision Wound Model
The aqueous fraction of B. antidysenterica 80% methanol extract was found to increase the breaking strength of incision
wounds, ie, tensile strength compared to the negative control group. As shown in Table 4, 2% AF (p 0.05) and 4% AF (p
0.001) significantly increased the tensile strength compared to simple ointment. However, BF and CF did not show any
effect on tensile strength.

Figure 4 Pictograph of wound contraction of animal treated with aqueous fraction of 80% methanol extract of B. antidysenterica leaf on different days of measurement.

Table 3 The Effect of Solvent Fractions of 80% Methanol Extract of B.
Antidysenterica Leaves on Epithelialization Period of Excision Wound in Rats

Group Epithelialization Period (Mean ± SEM), Days

SO 19.6 ± 0.5

2%AF 18.2 ± 0.4

4% AF 17.2 ± 0.6*a

NF 16.4 ± 0.4*b

MEBO 16.4 ± 0.5*b

Notes: Values are expressed as mean ± SEM n=5 Westar rats in each group; analyzed by one way
ANOVA followed by Tukey post hoc test; *: compared to the SO; ap<0.05; bp<0.01.
Abbreviations: SO, simple ointment base; AF, aqueous fraction; NF, nitrofurazone ointment; MEBO,
moist exposed burn ointment.
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Antibacterial Activity
Bacterial Growth Inhibition
The three fractions showed moderate bacterial growth inhibition of different standard organisms tested. Bacterial growth
inhibitory activity, measured as the zone of inhibition, of the fractions ranged from 7 mm (chloroform fraction against K.
pneumoniae) to 16 mm (butanol fraction against S. aureus). The butanol fraction inhibited the most growth of the gram
positive bacteria S. aureus and S. pyogenes, as well as the gram negative bacteria E. coli and P. aeruginosa (Table 5).

Minimum Inhibitory and Bactericidal Concentrations
The MIC and MBC values were determined for fractions that showed growth inhibitions in the agar well diffusion
method. The lowest MIC (75mg/mL) was observed with the n-butanol fraction against S. Aureus (Table 6). The same
table shows that the lowest MBC observed (125mg/mL) with n-butanol fraction against S. pyogenes and S. aureus and
chloroform fraction against S. aureus.

Table 4 The Effect of Solvent Fractions of 80% Methanol Extract of B. antidysenterica Leaves on the Breaking Strength of the Incision
Wound Site in Rats

Group Breaking Strength (g) Tensile Strength (%)

LU 460.2 ± 43.41 –

SO 513.4 ± 19.37 10.36

2%AF 642.2 ± 27.11*c #a 25.09

4% AF 684 ± 24.31*c#c **a 33.23

2% BF 546.6 ± 12.83 6.47

4%BF 575.6 ± 34.29 12.12

2% CF 565.4 ± 22.12 10.13

4% CF 564.2 ± 17.18 9.89

NF 711 ± 21.47*c # c **b ##a***a ###a 38.49

MEBO 699.6 ± 16.34*c # c **b***a ##a ###a 36.27

Notes: Values are expressed as mean ± SEM (n=5 Westar rats in each group) and analyzed by one way ANOVA followed by Tukey post hoc test; *: compared against LU, #:
compared against SO;** compared against 2%BF, ***compared against 4%BF, ## compared against 2%CF, ### compare against 4%CF; a-p<0.05; b-p<0.01; c-p<0.001.
Abbreviations: LU, left untreated control; SO, simple ointment base; AF, aqueous fraction; BF, butanol fraction; CF, chloroform fraction; NFO, nitrofurazone ointment.

Table 5 The Mean Bacterial Growth Inhibition Zone (mm) of Solvent Fractions of 80% Methanol Extract of B. antidysenterica Leaves in
Agar Well Diffusion Method (20µL Sample Volume)

Fractions & Standard Concentration Bacteria

S. aureus E. coli K. pneumoniae P. aeruginosa S. pyogenes

Aqueous Fraction 100mg/mL - - - - -

500mg/mL 10 - - - 8

n- Butanol Fraction 100mg/mL 12 - - - -

500mg/mL 16 8 11 10

Chloroform Fraction 100mg/mL 8 - - - -

500mg/mL 10 8 7 - -

Ciprofloxacin 5µg/mL 23 24 - 34 24
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Phytochemical Screening
The results of qualitative phytochemical screening of solvent fractions of B. antidysentrica leaves methanol extract
showed the presence of different secondary metabolites (Table 7).

Discussion
Wound healing and antibacterial activities of B. antidysenterica have been reported in a range of ethnobotanical studies.
In the previous study, the wound healing activity of 80% methanol leaf extract of B. antidysenterica showed significant
wound contraction (99.9%) compared to simple ointment, and it shortened the epithelialization period and increased the
tensile strength of wounds.5 In addition to wound healing effects, extracts of B. Antidysenterica were reported to show
bacteriostatic and bactericidal activity against different wound-causing bacterial strains.21,22 The present study was
intended to evaluate the wound healing and anti-bacterial activities of solvent fractions of a methanol extract of B.
antidysenterica.

The results of a toxicity study on the solvent fractions showed that the extracts were safe at effective wound healing
and antibacterial doses. In the present acute toxicity study, aqueous, n-butanol and chloroform fractions of the 80% crude
leaf extract were revealed to have an oral median lethal dose (LD50) of more than 2000 mg/kg, indicating the safety
nature of the fractions. Similarly, acute dermal toxicity showed that 2% and 4% ointment preparations were non-irritants
and caused no rash, redness, or other unexpected reactions. This was in line with the recommendation that products used
for topical wound treatments should be non-toxic, biocompatible, and have intended clinical activity without adversely
affecting the physiological healing process.

Table 6 The MIC (mg/mL) and MBC (mg/mL) of Solvent Fractions of 80% Methanol Extract of B. antidysenterica Leaves Using Tube
Dilution Method

Fractions Bacteria

S. aureus E. coli P. aeruginosa S. pyogene

MIC MBC MIC MBC MIC MBC MIC MBC

Aqueous Fraction 250 250 - - - - 50 -

n- Butanol Fraction 75 125 500 - 250 - 125 125

Chloroform Fraction 125 125 500 - - - - -

Abbreviations: MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration.

Table 7 Phytochemical Screening of Solvent Fractions of 80% Methanol Extract of B. antidysenterica Leaves

Secondary Metabolites Solvent Fractions

Aqueous Fraction n-Butanol Fraction Chloroform Fraction

Alkaloids + + +

Tannins – – –

Saponins + + –

Flavonoids + + +

Terpenoid + + +

Phenols + + +

Steroids + – +

Glycosides + + –

Note: (+) indicates presence and (-) indicates absence of particular metabolite.
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On the contrary to acute dermal toxicity results, application of 5% chloroform ointment at the wound site during the
pilot study showed wound exacerbation and 2 out of 5 animals treated within six days of continuous treatment were died.
The same concentration of n-butanol fraction also adversely affected wound healing, though no death was recorded up to
the 10th day of treatment. Additionally, 2% and 4% of n-butanol and chloroform fractions revealed irritation, inflamma-
tion, and adversely affected wound healing. The present findings are supported by those of the previous study, which
reported that 10% ointment of 80% methanol extract had a lethal effect when applied to excision wounds. The study also
reported that 50% of the animals tested with 10% methanol leaf extract and 4% of methanol fruit extract killed 50% of
the treated animals.5 The toxic effect might be attributed to the non-polar compound/s which is not present in the aqueous
fraction because no adverse effect was observed in mice treated with the aqueous fraction in the current experiment. The
negative effects of n-butanol and chloroform fractions may be attributed to the increased or prolonged inflammation,
considering that the effect revealed after two or three days of treatment is characterized by redness, swelling, and pain
around the wound site, and defected scarring that may suggest pathological fibrosis. Fibrosis is a natural process of
physiological wound healing to repair tissue function. Defected fibrosis, however, leads to suboptimal healing, dysfunc-
tional tissue, and detrimental scarring. The main cause of pathological fibrosis is chronic inflammation, which is caused
by persistent activation of TGF-signaling.39

Wound repair involves different processes, including contraction, formation of epithelialization, and fibrosis.39 As
there is no single representative model or reference standard for studying wound healing effects, two in vivo models,
excision and incision, wound healing models, were used in this study.

The excision wound model is popularly used to examine effective wound closure; contraction of wound area and
epithelialization (restoring the epidermis) being the reference parameters. In the present study, 2% and 4% ointments of
the aqueous fraction of an 80% methanol extract of B. antidysenterica leaves enhanced wound contraction rate compared
to simple ointment treated animals. The effect, however, was less than that of the standards. On day 20 of wounding, AF
showed a dose dependent wound closure effect, though not a complete wound closure effect, unlike the standard. This
may show wound healing activity of the fraction. Prolonged inflammation may lead to the generation of reactive oxygen
species (ROS) which in turn damages cells and tissues in the wound site, augmented by impaired antioxidant activity,
leading to worsening of the condition and impaired healing.40 The wound closure effect of AF observed in our study
might be associated with its anti-inflammatory5 and antioxidant properties,19,21 exerted by the secondary metabolites like
flavonoids present in the fraction.

Wound contraction facilitates healing in a short time as it decreases the size of the wound and reduces the amount of
extracellular matrix needed to repair defected tissues. Contraction also facilitates healing by promoting epithelialization.
Epithelialization (re-epithelialization) is achieved by epithelial cells’ (keratinocytes’) migration from the basement
membrane upward or from the wound edge. Contraction shortens this distance keratinocytes must travel.39 The wound
contraction observed by the aqueous fraction of B. antidysenterica 80% methanol leaf extract may be associated with B.
antidysenterica’s anti-inflammatory activity, and potent antioxidant property.5,20 Prolonged inflammations may lead to the
generation of ROS, which in turn damages cells and tissues in the wound site. In addition, an increase in free radical
production augmented by impaired antioxidant activity may worsen the condition, resulting in impaired healing.41 In this
regard, the potent antioxidant activity of the aqueous fraction, as well as the high content of antioxidant phytochemicals
such as vitamin C in B. antidysenterica leaf,18 may be mentioned as one contributing property to the wound healing
activities demonstrated in this study.

The epithelialization period is another parameter examined by the excision wound model. Successful wound closure
is considered to be a defining parameter of successful wound closure, and impaired re-epithelialization is associated with
chronic non-healing wounds.40 In addition, loss of skin barrier function might cause dehydration, infection, or even
death. In the present study, 4% AF shortened the epithelialization period compared to simple ointment.

Closure of the wound site and regeneration of the epithelium is not enough for better wound healing. Strength or
durability of the wounded area is important and is achieved by increased formation of collagen and concentration and
stabilization of fibers.42

In the incision wound model, measuring the tensile strength of the wound is an important parameter that implies
durable healing. The aqueous fraction of B. antidysenterica 80% methanol leaf extract increased the tensile strength of
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incision wounds at the strength of both 2% and 4% ointment preparations. Breaking strength or tensile strength was
achieved by aqueous fraction treated animals and was significantly higher than those left untreated or animals treated by
simple ointment.

Enhanced strength of the wound matrix implies that cell to cell and cell to matrix interactions are regained and shows
repair of the framework for angiogenesis, which in turn facilitates blood circulation that provides oxygen and nutrients
for the healing tissue. Increasing strength in the process of wound healing, such as observed by the aqueous fraction of B.
antidysenterica leaf extract treatment in this study, may suggest functional recovery of injured tissue.

This study examined whether treatment with an aqueous fraction of 80% methanol leaf extract of B. antidysenterica
leaf facilitated wound contraction, shortened the period of epithelialization, and enhanced breaking strength. These
effects may be related to induction or stimulation of cellular proliferation, enhancement of collagen synthesis and cross-
linking of proteins, increased anti-inflammatory activity and potent antioxidant property of the fraction.

In the incision wound model, measuring the tensile strength of the wound is an important parameter that implies
durable healing.41 The aqueous fraction of B. antidysenterica 80% methanol leaf extract increased the tensile strength of
incision wounds at both concentrations.

Chronic non-healing wounds are among the major causes of wound infections. Most infections are caused by bacteria
that may reside in the wound area, migrate from other body parts, or colonize the wound from the environment. Because
of this, effective antimicrobial therapy has been one of the most important wound care mechanisms.34

Medicinal plants with antibacterial activities have been reported to be alternative sources for anti-infective medica-
tions and for fighting emerging resistant microbial strains. In the present study, all the three fractions showed activity
against different gram-positive and gram-negative standard bacterial strains. The present finding is supported by previous
findings.19,21 S. aureus was observed to be the most sensitive bacteria among tested organisms to all three fractions. The
butanol and chloroform fractions showed bactericidal activity against S. aureus at a concentration of 125 mg/mL. The
most active fraction that had activity against most of the bacteria strains tested was the n-butanol fraction. In the present
study, no association was observed between antibacterial and wound healing activities.

Medicinal plants have been recognized to have a broad biological activity. In the process of wound healing, they may
stimulate the production of critical cytokines such as PDGF, FGF, VEGF, TGF-, and IL-1 to accelerate epithelialization,
angiogenesis, granulation tissue formation, proliferation of fibroblasts, and collagen deposition in the wounds. These
comprehensive healing activities and other broad biological properties of medicinal plants may be attributed to their
phytochemical contents.21,41

Qualitative phytochemical tests of aqueous, n-butanol and chloroform fractions of 80% methanol leaf extract of B.
antidysenterica showed that all three fractions are rich in different phytochemicals such as alkaloids, flavonoids,
terpenoids and phenols, which is in agreement with the findings of the previous studies.20,43 The biological activities
of B. antidysenterica leaf shown in the present study may be attributed to these phytochemicals. Phenols, for example,
have potent antioxidant and free radical scavenging activities. In this study, the aqueous fraction of 80% methanol extract
of B. antidysenterica leaf was shown to have phenols, and a higher amount of phenols was reported to be present in the
leaf extract.20 This high phenolic content may have contributed to the better wound healing property of this fraction
through suppressing ROS and other oxidants and promoting cell proliferation. The other phenolic molecules, flavonoids,
are also potential natural antioxidants shown to be present in the fractions of B. antidysenterica leaf methanol extract and
with a higher amount in the aqueous fraction.19,42

Phenols, including flavonoids and terpenoids, have been shown to have antibacterial, anti-inflammatory, and astrin-
gent properties,44 which may have contributed to the wound contraction, epithelialization rate, and antibacterial activities
observed in this study. Furthermore, essential oils with alkaloids in their appearance are used in a variety of medicinal
settings. Essential oil extracted from Thymus vulgaris–red thyme geraniol, for example, has been shown to have
cytotoxic effect against clinically isolated pseudomonas aeruginosa in investigations.45 Essential oils extracted from
medicinal plants have been shown in clinical studies to have anti-acne and anti-inflammatory properties, as well as the
ability to reduce in vivo erythematous lesions.46 Furthermore, essential oils from Ruta graveolens showed antifungal
efficacy against clinically isolated fungus strains.47
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In addition to alkaloids, other pharmacologically important phytochemicals were shown to be present in all fractions
of the plant in the present study. Some of the pharmacological activities of alkaloids include antibacterial, antifungal,
vasoconstriction, analgesic, and cytotoxic properties.13,48,49 The wound healing, antibacterial, and even toxic effects
observed in the present study may be associated with the alkaloid content of the fractions. Therefore, both wound healing
and antibacterial activities might be attributed to the secondary metabolites present in the fractions as shown by the
phytochemical screening.

In conclusion, all three fractions are safe at antibacterial and wound healing doses. The aqueous fraction of 80%
methanol B. antidysenterica leaf extract has wound healing activity. The study also showed that all the three fractions
have antibacterial activity, with the n-butanol fraction being the most active. Furthermore, the findings from the current
study support the previous reports of in-vivo wound healing and antibacterial activities of the crude extracts of B.
antidysenterica. Further studies, however, should be carried out on the mechanism of wound healing and the antibacterial
activities of the fractions.
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