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Abstract

Background: Species in the genus Vernonia (Asteraceae) are traditionally used in the treatment of
different ailments, for example, leaves in both fresh and dry forms have been used in dressing wounds.
Anecdotal reports show that the ash of Vernonia amygdalina (V. amygdalina) has been used in the
treatment of wounds, but there are no precise reports to support this claim; therefore, the
contemporary study focused on comparing the wound healing activity of its leaf extracts and leaf ash.
Methods: The study investigating the wound healing activity of V. amygdalina leaf was carried out in
Wistar Albino rats in an excision wound model using its aqueous extract (AE) and leaf ash (LA) at
concentrations of 1%, 2% and 3% (w/v). Mupirocin ointment and distilled water were used as positive
and negative controls, respectively. The wound diameter was measured every 3 days from day 1 to
day 22 and the results were used to calculate the percentage of wound reduction in all groups.
Results: Significant wound healing activity was observed in all groups except 3% AE (w / v), against
distilled water (negative control group) (p<0.05). Group 2 (1% AE), group 5 (1% LA), and group 6
(2% LA) showed faster wound healing than the positive control (p<0.05). Leaf ash was shown to have
the best wound healing activity, and its lower concentrations worked better than the category of the
same concentrations in aqueous extracts.

Conclusions: Our findings have for the first time confirmed the traditional claim of using V. amygdalina

ash in the treatment of topical wounds.
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Introduction

Wounds are contemporary economic burdens on healthcare systems around the world that could
increase in the next decades if no effective and safer means to treat them are found. Chronic non-
healing wounds also lead to reduced quality of life, amputations, and premature deaths [1]. Wounds
are defined as physical injuries that result in a break in the anatomical and physiological continuity of
the skin that can arise from physical, chemical, biological, thermal, or microbiological infections that
cause dysfunction [2, 3].

The treatment of wounds is expensive and is a neglected health problem in most rural settings of
developing countries [4]. The use of natural products (prepared as poultices, ointments, teas, tinctures,
syrups, decoctions, oils, and infusions) is common in the African indigenous traditional medicine system,
and the use of plants for the treatment of wounds dates back as far as 500 years. It is documented
that in Rome, Africa (Egypt), Asia and the Americas (South America and North America) herbal remedies
have been sought as first-line therapy for chronic burns and wounds [5]. In this regard, several herbal
formulations have been patented [6]. One of the most used plants in wound management is Vernonia
amygdalina, especially in Africa.

Vernonia amygdalina Delile (Asteraceae) is an African medicinal herb with distinguished ethnomedicinal
uses [7]. Vernonia amygdalina (V. amygdalina) is known as Gymnanthemum amygdalimum (Delile),
named after an English botanist William Vernon [8]. It is a native tropical plant commonly known as
bitter leaf plant, due to the presence of bitter antinutritional phytochemicals in its leaves [9]. It is locally
known as omubiriziand omululuza in western and central Uganda [10], ndole in Cameroon, tuntwano
in Tanzania, and omugbu in Nigeria [11]. The plant is native to tropical Africa, widely found on the
riverside, lake areas, forests, grasslands, and cultivated plantations at an altitude of about 2800 m with
an average annual rainfall of 750-2000 mm. It is widely grown in Yemen, Ethiopia, Brazil, Nigeria,
Kenya, Tanzania, South, and Central Uganda [9, 12]. In India, it is grown in central and eastern Europe
in sporadic cultivation for medicinal purposes [13]. It is also found in some African reserves, Kona
National Reserve in the Tana River district in Kenya, at a height of 420 m, on the eastern side of the

Mbololo forest in Taita at 1400 m, and in Narok at 2100 m [9].
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The different organs of V. amygdalina have been cited in Africa for the treatment of acute and chronic
wounds [14]. Leaf ash in the treatment of wounds in Africa has shown positive results in the promotion
of wound healing [15]. Some communities in Uganda use leaf ash from plants as a topical treatment
for wounds [16]. For example, wounds after traditional circumcision practises [17]. Other Vernonia
species (V. auriculifera, V. colorata, V. scorpioides and V. kotschyana) have been cited for their use in
wound healing and skin eruptions [18-21] but only V. auriculifera and V. scorpioides have been
investigated for their wound healing potential [19, 21]. The wound healing activity of V. amygdalina
leaf extracts has been previously reported in male Wistar rats [22], incision wounds [23], and in
combination with other plant extracts and honey 25]. In this contribution, we investigate the efficacy
of aqueous extracts and ash from V. amgydalina to validate the use of leaf ash in African traditional

medicine in topical wound healing.

Materials and methods

Collection, authentication, and preparation

Fresh leaves of V. amygdalina were collected from natural plants growing in Kashanyarazi (along river
Rwizi; 0°37’1”S 30°39 ‘12'E and 1410 m elevation) near Mbarara University of Science and Technology
(MUST), Kamukuzi division, Mbarara district, Uganda, on 26" July 2022. The plant material was
identified and authenticated by Dr. Olet Eunice, a botanist at the Faculty of Sciences, MUST (Voucher
no. WINFRED NAKABIRI 001).

The leaves were cleaned by removing any dust and extraneous matter and then shade dried for 1 week.
The dried leaves were then reduced to a coarse powder using a blender and then sieved to obtain a
fine powder of 601.84 g, which was separated into two portions and stored in airtight containers to
prevent contamination and moisture penetration.

For the leaf extract, warm maceration was used in which 1.5 litres of distilled water was added to 150
g of the powder and placed in a shaking water bath under pre-set conditions of 500 © C and 135 rpm
for 3 hours [26]. The mixture was then filtered using a muslin cloth, followed by Whatmann No.1 filter
paper, and concentrated by fun drying, producing 38.91 g of the crude leaf extract (LE). Then 1%, 2%,
and 3% (w/v) concentrations were prepared using distilled water and kept in airtight plastic containers

at 40 C.
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For the leaf ash extracts, the powder (451.84 g) in an airtight container was placed in crucibles and
transferred to a marble furnace where it was heated at 600 ° C for 24 hours. This yielded 113.562 g of
leaf ash (LA). Subsequently, 100 g of LA was treated in the same way as the aqueous extract, producing
42.61 g of the ash from which 1%, 2% and 3% (w/v) concentrations were prepared and kept in airtight

vials in a refrigerator at 4°C until further use.

Experimental animals

Forty (40) white Wistar albino female rats weighing 150-250 g (8-12 weeks old) were obtained from
the MUST animal research facility. They were divided into 8 groups of 5 rats each group by simple
randomisation [23]. Rats were acclimatised for four weeks prior to the experiment under controlled
conditions of 12 hours of light and dark cycles, a temperature of 25 + 1°C, and a humidity of 55 + 1%
humidity [27]. The animals had free access to food and water. All procedures in this study were carried
out following the National Institutes of Guidelines for the Care and Use of Laboratory Animals.
Wound healing activity

Rats were anaesthetised before wounding with 0.4 mL of injection of ketamine hydrochloride (50
mg/mL) into the dorsal thoracic region. The dorsal fur of the rats was then shaved with a pair of scissors
before applying 0.1 ml of lidocaine (2% w/v) as a local analgesic to the shaved skin of the rat. Using a
permanent marker, a circular outline was made in the shaved area using a centennial Ugandan shilling
coin and excision wounds were applied in the range of 2.7-3.8 cmand 1.0 mm depth. The leaf aqueous
extracts and the leaf ash extracts in their respective concentrations, distilled water, and mupirocin
ointment were applied by soaking the extracts twice a day in their designated groups. Evaluation of
the wound healing process was performed in the eight groups of rats using a diagonal wound diameter
using a Vernier calliper every 3 days. These were used to calculate the areas from which the percentage

of wound contraction was calculated for each rat from day 0 to day 21 [14].

initial wound surface area—wound surface area on different days

% Wound size reduction = x 100

Initial wound surface area

At this point, we considered the fall of the scab or Escher leaving no raw wound behind as the end
point of complete epithelialization. Consequently, the days required for this were taken as a period of

epithelialization [28].
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Statistical analysis

The different group diameter of the wounds of the rats on different days was recorded in Microsoft
Excel (Microsoft Corporation, USA) and used to calculate the area of the wound and the percentage of
contraction. Then the data was exported to GraphPad Prism for Windows (version9.2.0 of Graph Pad
software in San Diego, U.S.A.), where the average value is expressed as Standard Error. The statistical
significance of the percentage of total wound contraction of each rat per group was assessed by ANOVA,
followed by Dunnett's multiple comparison test for group analysis against negative control, and Tukey's

multiple comparison test between groups. The statistical assessment was performed at P<0.05.

Results

Formation of eschars

Based on daily observations, eschars had formed in the wounds in all groups on the 4™ day; this fell
faster in the groups containing leaf ash extract on day 7, followed by the groups containing leaf aqueous
extract on day 9. The controls had their eschars falling off last, with the positive control by the 11™ day
and the negative control by the 13t day.

Wound contraction

On the 4™ and 7™ day, no significant differences in healing were observed in the different groups and
compared to the negative control (Table 1). On the 10™ day, groups (2 & 6) and group 5 showed
moderate and high significant wound healing compared to the negative control (group 8). On the 13t
day, groups 2 and 5 showed moderate and highly significant wound healing compared to the negative
control (P<0.05). On day 16, groups 2, 5, and 6 showed significant low, high, and moderate wound
healing, respectively, against the negative control. On day 19, groups (1,2 & 6), groups (3 & 5) showed
low and moderate significant wound healing, respectively, compared to the negative control. On the
22" day, groups (1, 2, 3 & 5), group 6 and group 7 showed moderate, high, and low significant wound
healing compared to the negative control. It was also noted that on the 7t day, groups 2, 3, and 5 all
showed low significant wound healing activity compared to the positive control (group 1). On day 13,
group 5 showed moderate and low significant wound healing activity compared to group 1 and group

7 respectively.
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Table 1. Mean percentage contraction of the wound diameter

Day Negative G2(1% G3(2 % G4 (3% Gs(1 % Gs (2% G7 (3% Positive
control w/v) w/v) w/v) w/v) w/v) w/v) control
4 29.55 + 35.36 £ 29.05 £ 34.11 £ 2.174 36.62 £ 2.924 31.49 % 31.26 £ 23.84 £
2.077 4.033 2.343 2.709 2.765 6.721
7 44,42 + 54.60 53.01 = 47.85 + 1.747 55.06 £ 50.56 48.93 £ 33.59 £
2.898 3.152° 2.3792 1.9762 1.976 2.498 8.669
10 65.33 77.84 £ 72.04 £ 69.83 £ 2.174 80.22 78.08 % 71.51 = 70.99
2.63 2.331** 2.380 2.345*** 1.865** 1.851 3.933
13 83.2 ¢ 89.58 £ 87.65 % 86.49 £ 2.244 92 + 86.4+1.119 85.62 + 84.9 £
1.382 0.6836** 2.381 0.642**>*aab 0.7366 0.722
16 88.78 % 93.06 £ 92.67 9242 £1.875 95.78 94.18 92.52 £ 90.71 +
1.497 0.4935* 2.382 0.806***a 0.771*%* 0.3708 1.236
19 93.00. % 96.37 £ 96.88 95.67 £1.419 97.38 % 96.05 95.59 + 96.2 +
0.7199 0.7322* 2.383** 0.524** 0.9061* 0.4104 0.461*
22 95.06 + 98.11 98.33 97.15+ 1.018 989 + 98.24 % 97.86 % 98.17
0.7885 0.5722** +02.384** 0.243*** 0.763** 0.562* 0.288**

Statistical significance for the negative control against the other groups whose significance is indicated by * and Tukey’s multiple comparison test (between the
groups and the level of significance was indicated by (a) for the significant groups against the positive control and (b) for the group against 3% leaf ash).
NB: Gz- Group 2, G3-Group 3, Gs4-Group 4, Gs-Group 5, Ge-Group 6, G7- Group 7
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Figure 1. Progression of wound healing in the different groups under study. ALE = aqueous leaf extract
and LAE = leaf ash extract.
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Figure 2. Wound contraction in different groups of rats treated with different concentrations of
extracts.
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Discussion

The use of medicinal plants in wound healing has been traditionally practised in indigenous communities
[29]. However, the validation of the wound healing potential of most medicinal plants has not been
performed. It is known that such bioactivities may be influenced by the method of preparation of the
sample. In this perspective, we investigated the wound healing activity of aqueous and leaf ash extracts
of V. amygdalina in rats. In all study groups, the area of wound contraction was found to be time-
dependent and improved with the duration of exposure to the extracts. The aqueous extracts and leaf
ash of V. amygdalina in their respective concentrations (1% w/v, 2% w / v and 3% w/v) showed better
wound healing activity compared to the negative control, as shown in Table 1.

Wounds are anatomical and functional disturbances of tissues, and the healing process is mediated
through complicated mechanisms involving tissue haemostasis, inflammation, regeneration
(proliferation), and responsive remodelling [30, 31]. The wound healing activity of the leaf aqueous
extracts of V. amygdalina could be due to the availability of different phytochemicals such as flavonoids
(luteolin, luteolin-7-C-b-glucuronoside and luteolin 7-O-b-glucoside)[32], sesquiterpene lactones
(vernolide, vernolepin, and vernomenin) [33], tannins, saponins (vernoamyosides A-D)[34], terpenes,
glycosides, and coumarins. Furthermore, the phytochemical groups mentioned above have shown other
relevant pharmacological potentials for wound healing, for example anti-inflammatory activity [35],
antioxidant activity (mainly due to flavonoids) through the elimination of free radicals [36], and
antimicrobial activities [37, 38].

The wound healing potential of leaf ash extracts could be attributed to the possession of trace elements
and minerals such as zinc, iron, copper, chromium, lead, calcium, manganese and cadmium [39, 40],
which act as enzyme co-factors, and thus enhance structural components in tissue repair and wound
healing [15].

Leaf ash extracts at the concentrations tested had better wound healing activity compared to their leaf
aqueous counterparts against negative control, as observed graphs embedded in Figure 2. No research
provided results we could compare with, hence there was no justifiable explanation for this, thus more
research has to be done to clarify this phenomenon.

Furthermore, lower concentrations had better wound healing activity than higher concentrations for

leaf ash and aqueous extracts, as seen in Figure 2 where groups 2 (1% aqueous extract) and 5 (1%
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w/v leaf ash). There was no study explaining this, but it could be due to the increase in the levels of
certain phytochemicals or trace elements that have antagonistic activity against the wound healing
process or the activity of those phytochemicals that accelerate the process. More studies are needed
on this to confirm the reasons.

At the end of the experiment, it was found that the 1% leaf ash extract had the best observable wound
healing activity, with the highest percentage area of wound healing contraction than all other groups

after the period of exposure to different extract concentrations.

4. Conclusions

Our findings support the use of leaf ash from V. amygdalina and aqueous extracts that stimulated
wound healing activity. Leaf ash extracts at their specific concentrations worked better than the same
concentrations of leaf aqueous extract groups, with 1% leaf ash extract standing out among all the
rest. Other parameters such as day of epithelization, tensile strength, and histomorphology should be
performed. Studies for different formulations (creams, ointments, and sprays) for leaf aqueous and leaf
ash extracts should be carried out to provide more scientific evidence of these extracts when
incorporated into modern formulations. Further studies on the wound-healing activity of V. amygdalina

should be performed using other solvents such as ethanol and methanol during the extraction process.
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