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ABSTRACT

Herbal medicine’s acceptance into the healthcare system has been hampered by the lack of scientific proof supporting
its pharmacological action, including the efficacy of Vernonia amygdalina to treat wounds. Despite traditional proof
of its effectiveness in wound healing, the usage of root bark ash, which has been used to treat wounds since ancient
times, is also a disappearing practice in modern society. By contrasting the wound-healing properties of root bark
aqueous extract and root bark ash extract of V. amygdalina, this study aimed to fill this gap. Elastoplast ointment
served as the positive control and distilled water served as the negative control as we examined the wound healing
activities of these extracts on male mice in an excision wound model utilizing both root bark aqueous and root bark
ash extracts at 1% w/v, 2% w/v, and 8% w/v concentrations. From day 1 to day 21, wound diameter was measured
every four days, and the data was utilized to determine the diameter of the reduced wound in each group. In
comparison to the negative control group, all root bark ash extracts and root bark aqueous extracts from 7.
amygdalina demonstrated a considerable amount of wound healing activity. The wounds in groups 4 (3% w/v
aqueous) and 7 (8% w/v Root bark ash) healed more quickly than those in the negative control. With its greater
concentrations functioning better than the same concentrations in the root bark aqueous category, root bark ash
was found to have the best wound healing activity. The study's conclusion revealed the following ranking; Group 7
(8% w/v Root bark ash) > Group 4 (3% w/v aqueous) > Group 6 (2% w/v Root bark ash) > Group 3 (2% w/v
aqueous), followed by Group 5 and Group 2 (1% w/v root bark ash and 1% w/v root bark aqueous), Group 4 (3%
w/v Aqueous) > Group 8 (Negative control). According to our findings, both root bark ash and Root bark aqueous
extracts of V. amygdalina Root barks proved effective in treating wounds, providing evidence for its traditional use
in treating wounds. With 8% w/v root bark ash extract standing out among the rest, root bark ash extracts in their
individual concentrations performed better than the same concentrations in the root bark aqueous extract groups.
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INTRODUCTION
Wounds are a current burden in global healthcare systems that may worsen in the coming decades if no viable and
safer treatments are identified [1, 27]. Wounds are physical injuries that cause a break in the anatomical and
physiological integrity of the skin and can occur as a result of physical, chemical, biological, thermal, or
microbiological diseases producing skin dysfunction [3-57]. With wounds, the protective role of the skin is disrupted,
with or without loss of underlying tissue (muscle, nerves, bones), exposing the body to new infections [6, 77.
Globally, wounds are a significant social and economic burden around the world, with over 8.2 million individuals
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suffering from infected or non-infected wounds [87]. Due to inadequate access to hospitals and financial constraints,
wounds are the least reported cause of hospital visits (30—42%) and deaths (91 per year) in underdeveloped nations
in Africa [97]. Wounds are frequently classed locally based on the cause, such as assault wounds, road accidents,
work-related injuries (building sites, farms, and home accidents), burns, animal bites, surgery, and infections [107].
Wounds are clinically characterized by etiology, which is the reason for their presentation, such as diabetic foot
ulcers caused by diabetes (117, or by the length of time, it takes for a wound to heal, such as acute or chronic wounds
[127]. More literature divides wounds into open and closed wounds based on their exposure to the environment.
Open wounds, for example, include deep cuts, incisions, tears or lacerations, and abrasions, whereas closed wounds
can include hematomas or crush injuries [127]. Another approach to further describe wounds is by their level of
cleanliness and state of contamination, such as clean, clean-contaminated, contaminated, and unclean wounds [137.
Wounds can affect the skin's important functions, making it less effective at protecting the body. In terms of wound
care expenditures, protracted hospital admissions, and loss of body parts leading to physical handicaps and even
death, they put physical and mental health burdens on not only the wound victims but also their caretakers and
medical experts [14]. As a result, there is a need for a variety of ways to do faster-wound healing that can be used
as a supplement or as an alternative. Wound healing is a normal, healthy, and self-healing response to injury [14].
Any disruption of the wound healing process poses a risk to the victim, which is why wound treatment is approached
in a variety of ways, both traditional and conventional. Traditional medicine is an ancient practice that is globally
accepted as herbs have been proven useful in the management of several diseases including wound healing [15-187.
Many therapeutic options and modalities are available in traditional wound management procedures, including
assessment and exclusion of disease processes, wound washing, prompt dressing changes, optimal dressing selection,
and antibiotic prescription. These practices include the application of wound healing products such as silver-based
products such as silver nitrate and silver sulfadiazine, which are broad-spectrum antimicrobials, the use of advanced
dressings that provide wound protection against contamination, antimicrobials, autolytic debridement, chemical
debridement, and absorbents of wound exudates such as impregnated gauze, iodine and silver based ointments, films,
and hydrocolloids [197. Antibiotics are also used for skin and wound infections in various formulations, such as
topical erythromycin, topical Elastoplast ointment, bacitracin, ciprofloxacin, ceftazidime, topical imidazole, and
topical antifungals [207]. Some plants possess an antimicrobial potential and hence could be of help too [217. The
chemicals inherent in plants are responsible for these therapeutic potentials [22-247]. Other recent advances in the
treatment of wounds include the use of nanotechnologies, such as metal nanoparticles like silver, gold, and zinc [257],
polymeric nanoparticles like silicone and polystyrene, Nanoscafolds like hydrogels and chitosan, and peptide
nanoparticles [267, but their use is associated with numerous side effects and contraindications. Many medicinal
plant parts, such as leaves, flowers, and root barks, have been used in the management of wounds, and these plants
include species from the following families Asteraceae, Aloaceae, Olacaeae, and Solanaceae [ 147]. Root bark extracts
of V. amgydalina have been used in several parts of Africa and have proven to be useful in the treatment of both acute
and chronic wounds by using its juice squeezed and applied to the lesions [277]. As with herbs, the use of root bark
in wound therapy in Africa has been studied in many parts of the continent and has shown promising outcomes in
wound healing [287. The use of animal models in clinical research is a well-documented practice especially rats and
mice [29-327]. There is an increasing alarm about the ineffectiveness of conventional medicines due to antimicrobial
resistance, as well as high treatment expenditure on wounds in terms of care, treatment, and hospitalization, which
has increased the inability to access allopathic medicines for wound management in developing countries. Thus the
need to get effective wound management products that are safe, accessible, and affordable to the general public. In
light of this, this study aimed at comparing the potency and efficacy of aqueous root bark extracts and root bark ash
extracts of V. amgydalina on topical wound healing using mice model.

METHODOLOGY

Study design
This was an experimental study to see the activity of both aqueous and ash root bark extract of V. amygdalina on
wound healing in male Mice.
Extract Preparation

The fresh root barks of V. amygdalina were collected from Rukararwe Botanical Garden in Bushenyi district in
December 2022. The plant material was collected and identified by a botanist at Mbarara University of Science and
Technology, identified and the voucher number given as UJ 001. The collected fresh root barks of V. amygdalina
were cleaned by washing to remove soil. This was followed by air and shade drying until constant weight was
obtained. The dry root bark was then pulverized to a coarse powder using a mortar and pestle and then sieved to
attain a fine powder which was stored in air-tight containers. The aqueous extract was produced by cold maceration
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where one liter of distilled water was added to 100g of the powder for root bark separately and maintained in a water
bath at about 50°C, shaken using an auto shaker for shrs before filtration Adiukwu et al. [3387. The mixture was then
filtered and concentrated using a hot air oven. The powder in the air-tight container was transferred to a hot air
oven and converted to ash at 400°C. The ash was treated in the same way as the aqueous extract to attain the same
percentage yields.

Excision wound model

Mice were anesthetized with inhalable Halothane before any wounding was done on the male Mice. Circular excision
wounds of about 14 mm length by 09 mm width were applied after shaving a 15 mm diameter area using Veet hair
remover cream and the evaluation of the wound healing process in all the 08 groups of the Mice was done for the
next 3 weeks [277].

initial wound surface area—wound surface area on different days

x 100

%Wound size reduction =
Initial wound surface area

Experimental Animals

In this experiment, the study animals were Bulb-C mice, and adult males, weighing 13—23 g.

They were purchased from the Animal House of Kampala International University-Western Campus animal facility
and acclimatized (04 mice per cage) with a 12-hour light-dark cycle and a temperature of 25 + 2°C. Animal handling
and all related operations followed the Institutional Guidelines and Guide for the Care and Use of Laboratory
Animals at KIU — Western Campus Uganda (8th Edition). De-ionized water was used (because ions can affect
enzymes & proteins) and the water was freely available as well as food (standard mice pellets were purchased). Before
any procedure, the Mice were given two weeks to adjust to the new habitat (acclimatize). In total, 32 adult male mice
were used for the experiment with four (4) mice allocated per experimental group [347]. There were 08 experimental
groups. The Mice were utilized to test several parameters to ascertain the impact of 7. amygdalina root bark extract
on wound healing in male mice. The test groups received aqueous and ash root bark extracts at doses of 1% w/v,
2%w/v, and 3%w/v which were applied on the excised wounds. All the doses were topically applied. The mice were
randomly divided as follows: The control group received distilled water and the standard group received Elastoplast
ointment 50g.

Table 1: Experimental grouping
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Group Description Dosage Mice no.
GROUP 1 Vehicle Control Normal saline 04
GROUP 2 Standard control (Elastoplast ointment 50g) 50g 04
GROUP 3 Aqueous Root bark extract 1% W/V 04
GROUP 4 Aqueous Root bark extract 2% W/V 04
GROUP 5 Aqueous Root bark extract 3% W/V 04
GROUP 6 root bark ash extract 1% W/V 04
GROUP 7 root bark ash extract 2% W/V 04
GROUP s root bark ash extract 3W/V 04

Selection criteria
Healthy male mice of an average weight of 13-23g were used while unhealthy and those not in appropriate weight
ranges were not used.

Equipment, drugs, and materials to be used in the study
The following equipment was used during the study; an electric blender, hot air oven, auto shaker, electric weighing
balance, pestle and mortar, syringes, dissection kit, and digital Vernier caliper, Materials included a sieve (500um),
beakers, filter papers, cotton, markers, gloves, and funnel. Drugs; Elastoplast ointment 50g, Veet hair remover, and
inhalable Halothane were used.
Data management and analysis

The experimental results were expressed as a mean and standard variation of the mean and the significance of our
results was carried out by one-way ANOVA followed by the student t-test for analysis between the groups.
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Quality control and Ethical considerations
All animals were marked using permanent markers to minimize errors. A control group(s) was added for reference
purposes. All the equipment used was calibrated before use. The reagents used were of the analytical grid. Validated
methods were used in the study. The study was permitted by the School of Pharmacy Kampala International
University Western campus. Anesthetics used were to minimize pain during the application of the wounds and the
medicine. The use of these Mice was determined by considering the 3Rs that is: Replacement, Reduction, and
Refinement [357]. The choice of Mice as a research model was based on their similarity to humans for the specific
character investigated, which was wound healing [367.

RESULTS
Observations
Eschars had formed on the wounds in all groups by the 4t day, this fell off faster in groups containing root bark ash
by the 8t day, followed by the groups containing 3% aqueous root bark 12t day. The positive control had the fastest
tall on day 6. The negative control had its eschars falling off last by the 17t day.

‘Wound healing result analysis
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Figure 1: Showing the mean wound diameter (mm) on day 0. Results are expressed in Mean = SEM. n = 4.
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Figure 2: Showing the mean wound diameter (mm) on day 4. Results are expressed in Mean + SEM. n = 4.

©Umutetsi, 2023
This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited



©NIBAS OPEN ACCESS

Publications 2023 ONLINE ISSN: 2992-5797
PRINT ISSN: 2992-6122

DAY 8
15—
=
E b
- T
D 10 -
*
% Page | 169
S
= 5
-
=
o
=
O_
N N DD D D DD
& & F@F (FF(E (&
ST ST T T T T
eoo @oo NV A
S S TP F T P P
G S x ~ x N NE NG
S Qo O (o) (o) > > Lo
< L L < O OO @
N &S S &F &
S o e N \
> S N )
S S S S g° s°
PSS IS
A8 LSS S S S
LR L QT
e Se S~ Tl - S\
L PP RTLT R
O A e e e
ST T

Treatment groups

Figure 3: Showing the mean wound diameter (mm) on day 8. Results are expressed in Mean = SEM. n = 4. *
= p < 0.05 vs negative control; b = p < 0.05 vs positive control.

On days 4 and 8, no significant difference in wound healing in the different groups was observed in relation to the
negative control except the positive control group. Also, group 6 was statistically significant (p<0.05) in relation to
the positive on day 8.
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Figure 4: Showing the mean wound diameter (mm) on day 12. Results are expressed in Mean £ SEM. n = 4.
*% = p <0.01 versus negative control; b = p < 0.05 vs positive control.

On day 12, the positive control group showed moderately significant effect (p<0.01) in relation to the negative
control. Group 2, group 3, group 5, and group 6 showed significant (p<0.05) wound healing in relation to the positive
control.
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Figure 5: Showing the mean wound diameter (mm) on day 17. Results are expressed in Mean £ SEM. n = 4.
** = p < 0.01; *¥** = p < 0.001; **** = p < 0.0001 vs negative control; b = p < 0.05 vs positive control; ¢ =
P < 0.05 vs group 2; d = p < 0.05 vs group 3; e = p < 0.05 vs group 4; f = p < 0.05 vs group 5; g = p < 0.05
Vs group 6.

On day 17, group 7 and group 5 showed moderate and high significant (p<0.01 and p< 0.001) wound healing
respectively against negative control. Also, positive control showed the most significant (p<0.0001) in relation to
the negative control group. Group 2, Group 3, Group 5, and Group 6 showed significant effects (p<0.05) in relation
to the positive control group. Group 4 and Group 7 were significant (p<0.05) in relation to Group 2. Group 4 and
Group 5 showed a significant effect in comparison to Group 3. Then group 5 and group 6 have significant eftects in
relation to group 4. Group 7 was significant against Group 5 and Group 6.
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DAY 21
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Figure 6: Showing the mean diameter of the wound (mm) on day 21. Results are expressed in Mean £ SEM. n = 4.
**% — p <0.01; ¥*%*% = p < 0.001; ¥*** — p < 0.0001 vs negative control; b = p < 0.05 vs positive control; ¢ = p < 0.05
vs group 2;d = p < 0.05 vs group 3; e = p < 0.05 vs group 4; f = p < 0.05 vs group 5; g = p < 0.05 vs group 6. On
day 21, group 2 showed a low significant effect (p<0.05) while group 4 and group 7 showed highly significant
(p<0.001) wound healing effect against the negative control and also positive control group showed a most
significant effect (p<0.0001) in relation to the negative control group. Groups 2 to group 7 all showed a significant
effect (p<0.05) in relation to the positive control group. From group 8 to group 7 all showed significant effect
(p<0.05) in relation to group 2. Group 4 and Group 7 were significant (p<0.05) against Group 3. Groups 5 and 6

showed significant effects against group 4. Lastly, Group 7 showed a significant effect (p<0.05) against Group 5 and
Group 6.
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Figure 7: Showing pictures representing the progression of wound healing in the different groups on different day
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DISCUSSION

Area of wound contraction was observed to be time-dependent in all groups and to get better with longer exposure
to the extracts. In contrast to the negative control, the results showed that root bark aqueous and root bark ash
extracts of V. amygdalina in their respective concentrations (1% w/v, 2% w/v, and 3% w/v) demonstrated greater
wound healing activity. The findings of this study were related to the wound-healing properties of methanolic
extracts of Ageratum conyzoides L. (Asteraceae) and Anthocleista djalonensis according to Nicolaus et al. [37]. The
presence of phytochemicals in the plant, such as flavonoids (such as luteolin, luteolin7-Ob-glucuronoside (most
abundant component), and luteolin 7-o-b-glucoside), maybe the cause of the root bark aqueous extracts of V.
amygdalina's wound healing properties [387. Other phytochemicals in V. amygdalina include Vernolide, vernolepin,
and vernomenin, among other sesquiterpene lactones; tannins; vernoamyosides; saponins; terpenes; glycosides; and
coumarins [397]. These are seen to provide wound healing activity through their anti-inflammatory [407,
antioxidant activity (mainly due to flavonoids) through scavenging of free radicals [417, and antimicrobial activities
[42] and antifungal [437. The presence of trace elements and minerals in root bark that function as enzyme co-
factors and boost the structural components in tissue repair could be the cause of the wound-healing activity of root
bark ash and root bark aqueous extract [23, 44, 457]. These elements include Zinc, Iron, Copper, chromium, calcium,
and manganese. Ash also possesses anti-septic and anti-infective activity and thus the improved wound healing
noticed in its treatment groups. Figures 5 and 6 demonstrate that as compared to their root bark aqueous
counterparts, root bark ash extracts exhibited greater wound healing efficiency. On observation high concentrations
had better wound healing activity than the lower concentrations for both root bark ash and the root bark aqueous
extracts this is seen in the graphs of day 17 and day 21 where groups 4 (3 % w/v root bark aqueous extract) and 7
(8 % w/v root bark ash) have the higher peaks when compared to lower concentrations. These findings were in
agreement with those from a study that was carried out by Nicolaus et al. [877] using Calendula officinalis extracts
where the wound healing activity increased with the increase in concentration of the extracts and this was explained
by the antioxidant properties that significantly suppress the proliferation of excision wounds hence preventing
pathogenic microorganism invasion. By the end of the experiment, 8% w/v root bark ash extract exhibited the
highest percentage area of wound healing contraction compared to all other groups, demonstrating the strongest
observable wound healing activity.

CONCLUSION
This research revealed that both the root bark aqueous extracts and root bark ash of V. amygdalina had wound-
healing activities. With 8% w/v root bark ash extract standing out among the rest, root bark ash extracts in their
individual concentrations performed better than the same concentrations in the root bark aqueous extract groups.
RECOMMENDATIONS

More research should be done on root bark aqueous and root bark ash extracts in various formulations (creams,
ointments, and sprays), in order to show the effectiveness of these extracts in contemporary formulations. It is
important to conduct additional research on V. amygdalina's capacity to heal wounds when extracted using different
solvents like ethanol and methanol. To measure wound healing activity, the same study should be conducted with
other parameters, such as the day of epithelization, tensile strength, and histo-morphologic analyses. Following
more thorough research showing clear success, the creation of herbal wound treatments should be promoted and
approved as an alternative to conventional therapy in areas where access to and affordability of traditional medicine
are issues.
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