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Background: Medicinal plants play an important role in treating various diseases. Vernonia 
auriculifera Hiern is one of the medicinal plants used traditionally for the management of 
wounds. However, there were no scientific reports documented so far on the wound healing 
activities to substantiate the claim. Thus, the present study provides a scientific evaluation for 
the wound healing potential of the crude extract as well as solvent fractions of the leaves of 
Vernonia auriculifera Hiern.
Methods: Extraction was carried out by maceration using 80% methanol and part of the crude 
extract fractionated with chloroform, ethyl acetate, and aqueous solvents. Simple ointment bases 
were prepared using hard paraffin, cetostearyl alcohol, white soft paraffin and wool fat according 
to British Pharmacopoeia. Then, two types of ointment formulations were prepared from the 
extract, ie, 5% w/w and 10% w/w. Mice and rats were employed for wound healing study and 
dermal toxicity test, respectively. Wound healing effects were evaluated by percent of wound 
contraction, period of epithelialization, tensile strength, and histological analysis as parameters in 
excision, incision, and burn wound models. Finally, the data were expressed as mean ± SEM, and 
the results were analyzed using one-way ANOVA followed by post hoc Tukey-test.
Results: In the excision wound model, the 10% w/w crude extract ointment showed 
significant wound contraction (P < 0.001) from day 4 to day 18 as compared to the negative 
control. Both the 5% w/w (P < 0.001) and 10% w/w (P < 0.05) crude extract ointments have 
showed statistically significant difference in epithelialization period as compared to the 
negative control. Groups treated with the ethyl acetate and aqueous fractions ointments in 
incision wound model showed a statistically significant (P < 0.001) increase in tensile. The 
10% w/w and 5% w/w ointments of the crude extract showed a significant (P < 0.001) 
increase in breaking strength compared to simple ointment and the untreated control groups. 
In burn wound model, significant reduction in epithelialization period was observed in 5% w/ 
w (P < 0.05) and 10% w/w (P < 0.001), and the percentage of wound contraction was 
significantly increased in most of post wounding days by 10% w/w (P < 0.001) and 5% w/w 
(P < 0.05) crude extract ointments and compared to the negative control.
Conclusion: The crude, aqueous, and ethyl acetate fraction of Vernonia auriculifera leaves 
possess wound healing activities. This finding justifies the use of the leaves of this plant for 
wound healing as claimed in the traditional medicine literature.
Keywords: wound healing, Vernonia auriculifera Hiern, wound models, leaves, Ethiopia

Introduction
A wound is a disruption of cellular and anatomic continuity, with impairment of the 
tissue’s protective or physiological functions,1 and it may be due to chemical, 
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physical, thermal, microbial, or immunological injury to 
the tissue.2 Wound healing is a natural body reaction 
leading to the restoration of structural and functional integ
rity of injured tissues.3 It is a complex and dynamic 
process of replacing devitalized and missing cellular struc
tures and tissue layers.4

Wound infections are common in developing countries, 
such as Sub-Saharan African and South Asian countries 
because of poor hygienic conditions,5 and about 1–2% of 
the population experiences a chronic wound during their 
lifetime.6,7 It has been estimated that 14 million people 
suffer from wounds and burns annually with over 80% of 
these living in low and middle-income countries.8 

According to the World Health Organization about 
300,000 deaths worldwide each year are due to burns.9 

In Ethiopia, Surgical site infections (SSIs) are the com
monest nosocomial infections and responsible for consid
erable morbidity and mortality as well as increased 
hospitalizations and treatment cost related to surgical 
operations.10 The prevalence of SSIs remains high 
among postoperative patients in Ethiopia.11

Many medicinal plants have been reported to show 
wound healing activity.1,12–16 Extensive investigation has 
been carried out in the field of wound healing management 
by medicinal plants.1,12–14,17 Many plants and various 
preparations thereof have been used traditionally concern
ing wound treatment, especially due to their immense 
potential to affect the wound healing process.18 To men
tion some, Vernonia amygdalina Del,19 Brucea antidysen
terica J.F.Mill,20 Achyranthes aspera,21 Croton 
macrostachyus,22 Datura stramonium,23 Bersama 
abyssinica,24 Rumexa byssinicus,1 Cordial africana,25 

Aloe spp,26 and many others.
The genus Vernonia (Asteraceae family) has more 

than 1000 species growing all over the world.27 It has 
a wide folkloric use against diverse diseases. More 
importantly, it has gained wide application in the man
agement of wound,28–33 and other medicinal uses such 
as relieve of headache,34 antiplasmodial,35–39 

antibacterial,34,40,41 diarrheal disease,42–45 snake bite 
poison,46–49 cataract,40,50 toothache,44 placenta 
removal,33,51,52 skin cut/infection,53–55 dermatitis,56 feb
rile convulsion,57 anti-trypanosomal,33 endo/ 
ectoparasite,58,59 cancer or tumour,60 and eye infection 
and warts.61 The volatile oil from the leaf, crude 
extracts, fractions, and isolated pure compounds were 
tested in vitro to evaluate antimicrobial activity. 
Fractions and isolated compounds exhibited reasonable 

antimicrobial activities.62 Repeated use of solvent 
extraction followed by Column Chromatography and 
Thin layer Chromatography, the leaf extract of com
pound which was characterized as (E)-methyl 11- 
hydroxy-1-(4 amide using UV, FT-IR and NMR) spec
tral data and by comparing with literature reports.63

Despite many traditional claims on wound healing and 
in vitro studies are available for Vernonia auriculifera 
Hiern,62,64,65 there is no scientific study reported in vivo, so 
that result of this study might serve as baseline information for 
further investigations. Thus, the purpose of this study was to 
evaluate the wound healing activities of the crude extracts and 
solvent fractions of leaves of Vernonia auriculifera Hiern 
which can, in turn, provide a foundation for the identification 
of pharmacologically active compounds.

Materials and Methods
Drugs and Chemicals
Drugs, chemicals, and reagents that were used for the study 
include nitrofurazone skin ointment United States 
Pharmacopeia (USP)0.2% (Shanghai General 
Pharmaceuticals Co., Ltd., China), silver sulfadiazine skin 
ointment USP 1% (Galentic Pharma Pvt. Ltd., India), keta
mine hydrochloride 50 mg/mL injection USP (Neon 
Laboratories Limited, India), diazepam 5mg/mL injection 
(Mission Pharma, Denmark), hard paraffin (Lab Tech 
Chemicals), wool fat (Uni-Chem Chemical Reagents), cetos
tearyl alcohol (Blulux Laboratories, India), methanol 
(99.9%) (Alpha Chemika, India), ethanol (70%) (Harego 
Chemicals, Addis Ababa), Ethyl acetate (Nice Chemicals 
Pvt. Ltd., India), chloroform (BDH Chemicals Ltd., 
England), bees wax (Bo International, Delhi, India),10% 
buffered formalin (Sigma Diagnostics™, Livonia), paraffin 
wax (Reliance Wax Co., Ltd. China), hematoxylin and eosin 
(Alpha Chemika Maharashtra, India), hydrochloric acid 
(Blulux Laboratories Pvt. Ltd., India), Sodium hydroxide 
(Blulux Laboratories Pvt. Ltd.,India), sulphuric acid 
(HiMedia Laboratories Pvt. Ltd., India), lead acetate 
(Guangdong Guanghua chemicals factories, China), ferric 
chloride (Blulux Laboratories Pvt. Ltd., India) and 
Wagner’s reagent (Research-Lab, Fine Chem Industries, 
India).

Collection, Authentication, and 
Preparation of Plant Material
Fresh leaves of Vernonia auriculifera Hiern were collected 
on 27th January 2020 from Gondar town, located in 
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Amhara National Regional State, Northwestern Ethiopia. 
The plant was identified and authenticated by Mr Abiyu 
Enyew (Botanist) and voucher specimen 001MKL/2020 
was deposited for future reference at Herbarium in 
College of Natural and Computational Sciences, 
University of Gondar. The collected plant leaves were 
cleaned with tap water to remove surface pollutants and 
shade dried at room temperature. The dried leaves were 
ground to a coarse powder using mortar and pestle and 
then packed in an appropriate plastic bag and kept until 
extraction on 19th February 2020.

Experimental Animals
Swiss albino mice of both sex (20–30g, and 8–10 weeks 
old) and female Wistar rats (Rattus norvegicus) weighing 
150–200g, about 3–4 months old were obtained from the 
Department of Pharmacology, University of Gondar. The 
animals were housed in cages under standard conditions 
with 12 hours light and dark cycles. They were provided 
with a standard pellet diet and water ad libitum and accli
matized to the laboratory condition for a week before the 
starting of the experiment. They were handled according 
to international laboratory animal use and care guidelines 
throughout the experiment.66 At the end of the experiment, 
the animals were sacrificed on a high dose of ketamine and 
buried properly. The study was conducted after approval 
by the Postgraduate Committee of Department of 
Pharmacology, School of Pharmacy, and University of 
Gondar with a Reference number of SoP4/285/12.

Extraction of Vernonia auriculifera Hiern
The dried leaves of Vernonia auriculifera Hiern were 
coarsely powdered in a grinder and 880 g of the powder 
was cold macerated with 80% methanol in the ratio of 1:6 
and then kept for three days at room temperature with 
occasional stirring and shaking.67 After 72 h, the extract 
was separated from the marc using sterile gauze (cotton) 
and filtered further using Whatman filter paper No. 1. The 
residue was macerated further with 80% methanol for 72 
h. This was repeated thrice to exhaust the extractable 
components. Then, the dried extract was kept separately 
in a desiccator until used for the experiment.68,69 The 
weight of the dry extract was expressed as a percentage 
of the total mass of dry plant powder to determine the 
percentage yield.70 For topical formulation and further 
fractionation, the dried extract was kept at a temperature 
of −20 °C.67

Fractionation of Crude Extract
The hydro-methanol crude extract was subjected to 
a successive extraction using a separatory funnel with 
chloroform, ethyl acetate, and distilled water. The dried 
crude extract of the leaves of Vernonia auriculifera Hiern 
was suspended in 450 mL of distilled water and slightly 
shaken to mix completely with solvent. The mixture was 
transferred into a separatory funnel. An equal volume of 
chloroform was added to it and the new mixture was 
shaken gently and allowed to settle till it formed two 
layers when the chloroform fraction was collected. The 
procedure was repeated twice to effectively isolate the 
chloroform fraction. An equal volume of ethyl acetate 
was added to the remaining aqueous portion in the separa
tory funnel and the solution was shaken. The ethyl acetate 
was separated from the aqueous portion and the procedure 
was repeated trice. The filtrate of chloroform and ethyl 
acetate fractions were dried by oven at 40 °C to obtain the 
respective fraction. The remaining aqueous residue was 
frozen in a deep freezer set at −25 °C overnight and then 
freeze-dried with a lyophilizer to obtain an aqueous frac
tion. The percentage yield of the dried fractions was cal
culated and stored in a tight container in a refrigerator at – 
20 °C until used for the formulation of ointments.71

Preliminary Phytochemical Screening
Methanolic crude extract and solvent fractions of Vernonia 
auriculifera Hiern were subjected to various phytochem
ical screening tests to check the possible presence of 
secondary phytochemicals such as steroidal compounds, 
terpenes, tannins, alkaloids, flavonoids, saponins, and phe
nolic compounds in the leaves of the plant using standard 
procedures.72–74

Formulation of Ointment
Simple ointment bases were prepared using hard paraffin, 
cetostearyl alcohol, white soft paraffin, and wool fat 
according to the British Pharmacopoeia.75,76 All the 
ingredients were melted together and stirred until it was 
cold.77 Two types of ointment formulations were pre
pared from the extract: 5% w/w and 10% w/w. To prepare 
the ointments, 5 g and 10g of the powdered extract were 
incorporated into a portion of simple ointment base by 
levigating on the surface of the ointment slab to make an 
ointment of uniform consistency and smooth texture. The 
remainder of the simple ointment base was gradually 
added and mixed thoroughly. Finally, the ointment 
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containing the extract was transferred to a clean container 
and labeled. The same procedure was adopted for the 
preparation of the ointments containing the respective 
fractions of the extract. Additionally, pre-formulated 
nitrofurazone ointment (0.2% w/w) was used as 
a standard drug for comparing the wound healing poten
tial of the extract.78

Wound Healing Models
Grouping and Dosing of the Animals
The mice were randomly grouped into four groups for 
excision, five groups for incision, and another four groups 
for burn wound (each 6 mice) for evaluation of crude 
extract wound healing activity. The mice in group I of all 
models were treated with simple ointment (hard paraffin, 
cetostearyl alcohol, white soft paraffin, and wool fat). 
Group II and III of all the models were given 5% w/w 
and 10% w/w crude extract ointments, respectively and the 
animals in group IV of all models except burn wound 
model were treated with nitrofurazone 0.2% ointment. 
For incision wound, group I–IV was treated as excision 
wound model described above but mice in group V was 
left untreated. Grouping of the mice in the burn model was 
similar to that of the excision model except for the positive 
control treated with silver sulfadiazine (1% w/w) cream.

The animals were randomly placed into various groups 
for the evaluation of solvent fractions based on the models. 
In the excision wound healing model, group I was treated 
with simple ointment (serving as a negative control); 
groups II and III were treated with 5% w/w and 10% w/ 
w chloroform ointment, respectively; groups IV and 
V were treated with 5% w/w and 10% w/w of ethyl acetate 
ointment, respectively; groups VI and VII were treated 
with 5% w/w and 10% w/w of aqueous ointment, respec
tively; group VIII was treated with 0.2% w/w nitrofura
zone (serving as a positive control). In the incision wound 
model, the methods used in grouping and treating the 
animals as in the excision wound model were adopted 
except that an untreated group was added. The study was 
conducted by applying the extract and controls topically 
because the plant materials are traditionally used by local 
communities via an external route. The respective oint
ments were applied topically to the corresponding wounds 
once daily until complete healing was observed. The inter
ventions were used topically since the plant materials have 
traditionally been used as such by the local communities.79

Dermal Toxicity Testing
The evaluation of dermal acute toxicity was carried out as 
per the Organization for Economic Cooperation and 
Development (OECD 434) guideline.80 Two groups of 
female rats (each containing five rats) showing normal 
skin texture were randomly selected and acclimatized to 
the laboratory condition for seven days before the test. 
Following acclimation, the rats were anesthetized by keta
mine 80mg/kg intraperitoneal injection, and around 10% 
of the body surface area fur was shaved 24 h before the 
study from the dorsal area of the trunk.

First, a sighting study was performed to allow the 
selection of the appropriate starting dose for the main 
study. The starting dose for the sighting study was selected 
from the fixed-dose levels. Hence, 1g/kg of 10% extract 
ointment was sequentially applied to a single rat. A period 
of 24 h was allowed between the testing of each animal. 
There was no death or skin irritation observed within 24 
h. Therefore, four additional rats from each group were 
used for the main study, and a limit test dose of 2000 mg/ 
kg of the crude extract ointment formulation and simple 
ointment base was applied uniformly on the respective 
group. At the end of the exposure period, residual test 
substance was removed and the animals were observed for 
development of any adverse skin reactions especially for 
signs of erythema and edema, and the responses were 
scored at 24, 48, and 72 h after patch removal. Dermal 
reactions were graded, recorded and observation was con
tinued daily for 14 days.80,81 The reactions were evaluated 
according to the scoring system for skin reactions.82 The 
score of primary irritation (SPI) was calculated for each 
rat as follows. Score for erythema and edema at 24, 48, 
and 72 h were summed and divided by the number of the 
observations for the treated groups. The SPI for the con
trol groups were calculated in the same way as treated 
groups.

SPI for each rat ¼
∑ Erythema and Edema

grade at 24; 48 and 72hrs
Number of observations 

The difference between the summations of SPI scores of 
animals from each treated and control group was calcu
lated and used for primary irritation index (PII) determina
tion. The PII was calculated as the arithmetical mean of 
the SPI values of the rats. The irritation degree was cate
gorized as negligible, or slight, moderate, or severe irrita
tion based on the PII.
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SPII ¼
∑SPI testð Þ � ∑SPI controlð Þ

No of animals 

Excision Wound Healing Test
An excision wound model was used to assess the wound 
healing activity of both crude and solvent extract of the 
leaves of Vernonia auriculifera in mice. The treatment was 
given based on the documented procedures.83–85

The mice were anesthetized using subcutaneous injec
tion of ketamine (80 mg/kg) and diazepam (5 mg/kg) on 
wounding day. The back hair of the animals was removed 
by shaving. Ethanol (70%) was used as an antiseptic for 
the shaved region before making the wound.86 About 
300 mm2 circular areas were marked and the full thickness 
of the marked area was carefully excised by using sharp 
sterilized scissors and the inflicted wound was left 
undressed. After 24 hours of wound creation, the oint
ments were applied to their respective group gently once 
daily to cover the wounded area until complete healing 
was achieved. The mice were observed for wound closure 
and measurement was taken every two-post wounding 
days. Wound surface area was determined with Graph 
paper from which each square representing 1 mm2. 
Photographs were taken every two days to see wound 
contraction progress and then the wound healing activity 
of the crude extract was assessed by the period of epithe
lialization, percentage of wound contraction, and histolo
gical studies. By considering the initial size of the wound 
300mm2 as 100%, the percentage of wound contraction 
was calculated as:

% wound contraction¼

wound area in day 0
� wound area in day n � 100

Wound area in day 0 

Where n= number of days ie 2nd, 4th, 6th, etc. until 
complete wound healing

Falling of scab or Escher leaving no raw wound behind 
were taken as an endpoint of complete epithelialization 
(a process by which keratinocytes, a major cellular com
ponent of the epidermis, are responsible for restoring the 
epidermis after injury),87 and the days required for this 
were taken as a period of epithelialization.88,89

Incision Wound Healing Test
In this case, wound was inflicted differently from that of 
excision wound. Here, the paravertebral incision (3cm 
long) was made through the full thickness of the skin on 
either side of the vertebral column at a distance of 1 cm 

from the midline. Non-absorbable surgical thread and 
a curved needle were used to stitch parted skin together 
at the intervals of 1 cm. This wounding day was consid
ered as day 0 and starting from day 1, the first four groups 
were treated similarly as the groups in excision wound 
model and the fifth group served as untreated control. 
The treatments were topically applied once daily for 9 
days. The sutures were removed on the 8th day of post 
wounding. Tensile strength was determined on day 10. 
Two forceps were firmly applied 3 mm away from the 
edge of wound facing each other on the opposite side of 
the incision wound. One of the forceps was fixed on 
stands, while the other was connected to a freely sus
pended lightweight plastic of volume 1000mL through 
a string run over to a pulley. Water was allowed to flow 
continuously from the reservoir slowly and steadily into 
the container. The moment the wound just opened up, the 
water flow was arrested and the volume of water collected 
in the container was noted as tensile strength. The break
ing strength of the groups treated with extracts was com
pared with the nitrofurazone 0.2% ointment, simple 
ointment, and untreated control groups.89 The tensile 
strength was calculated as follows:1,90

%TSe ¼
TSe � TSso

TSso
x100 

%TSr ¼
TSr � TSso

TSso
x100 

%TSso ¼
TSso � TSlu

TSlu
x100 

Where, so=simple ointment, TSr=tensile strength of refer
ence, and lu=left untreated

Burn Wound Healing Test
To test the burn wound, small healthy mice with the age of 
6–8 weeks old were used. Initially, the mice were anesthe
tized through intraperitoneal injections of ketamine at 
a dose of 80 mg/kg of body weight then the hairs of the 
back region were removed. The shaved area was disin
fected with 70% v/v ethanol and a partial thickness burn 
wound was created by using 2gm of hot molten bees’ wax 
at 80°C poured to a metal cylinder with 300 mm2 circular 
openings placed on the back of the animal. On solidifica
tion of wax after 8 minutes the metal cylinder with wax 
adhered to the skin removed and left markedly circular 
burn wound. Burn wound healing parameters (wound con
traction rate and epithelialization period) were assessed.91

Journal of Experimental Pharmacology 2021:13                                                                                   https://doi.org/10.2147/JEP.S308303                                                                                                                                                                                                                       

DovePress                                                                                                                         
681

Dovepress                                                                                                                                                       Lambebo et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Histopathological Study
Samples from healed skin tissue were taken from the mice 
of controls and treated groups of excision and burn wound 
models.92 Excised tissues were fixed in 10% formalin 
solution for five days. All tissues were processed by 
using conventional histochemical techniques, embedded 
in paraffin wax, and then sectioned at 3 μm thicknesses, 
mounted on glass slides, deparaffinized, and stained with 
Hematoxylin–Eosin.2,93 The analysis was performed to 
confirm the experimental results in terms of concentration 
of inflammatory cells, collagen fibers, fibroblasts, and 
angiogenesis in tissue at 18th post wounding days.94

Statistical Analysis
The results were expressed as mean ± SEM for each 
group. All the grouped data were statistically evaluated 
and the significance of various treatments was calculated 
using one-way ANOVA followed by Tukey‘s post hoc test. 
The results were considered statistically significant at 95% 
confidence level and P-value <0.05. All data processing 
was done using SPSS data analysis software version 26.

Results
Percentage Yields of Extracts
The percentage yield of crude extract and solvent fractions 
of leaves of Vernonia auriculifera Hiern is shown in Table 1.

Preliminary Phytochemical Screening
The phytoscreening of the crude extracts and their respec
tive fractions revealed the presence of the phytoconstitu
ents as shown in Table 2.

Acute Dermal Toxicity
The maximum concentration of hydro-methanol ointment 
(10% w/w) was applied using a limit dose of 2000mg/kg 
of body weight was found to be safe. The primary irrita
tion index (PII) values were found to be zero, hence, there 
were no signs of toxicity after 14 days of assessment.

Excision Wound Model
Wound Contraction
Wound contraction due to treatment with 5% w/w and 10% 
w/w crude extract of Vernonia auriculifera Hiern ointment, 
simple ointment base, and Nitrofurazone is shown in Table 3. 
The 10% w/w ointment of the crude extract showed signifi
cant (P < 0.001) wound healing activity beginning from day 4 
to day 18 compared to the negative control. Similarly, 
Vernonia auriculifera Hiern 5% w/w ointment has shown 
a significant wound contraction at 4th, 6th, 8th, and 10th (P < 
0.05) and on day 12th (P < 0.01) when compared to the 
negative control. Significant (P < 0.001) wound contraction 
was observed in 5% w/w extract on 14th, 16th, and 18th days 
of treatment when compared to the negative control. The 
percentage contraction was significant (P < 0.001) for nitro
furazone from day six onwards as compared to the negative 
control and also significant wound contraction was observed 
on the 2nd day (P < 0.05) and 4th day (P < 0.01), respectively. 
Higher percentages of wound contraction (98.11% and 
100%) were observed in animals treated with the 10% extract 
ointment from the 16th and 18th day, respectively Table 3. 
When compared with positive control, statistically significant 
better effect was not found.

Period of Epithelialization
Wound healing effects of both 5% w/w and 10% w/w 
ointments of crude extract were indicated by a shorter 
period of epithelialization. The 5% w/w extract formula
tion showed a significant (P < 0.001) difference of epithe
lialization period as compared to the negative control 
whereas the 10% w/w extract ointment treated group 
showed a significant (P < 0.05) difference of epithelializa
tion period as compared to the negative control and it also 

Table 1 Percentage Yield of Crude Extract and Solvent Fractions 
of Leaves of Vernonia auriculifera Hiern

Extract/ 
Solvent 
Fraction

Crude 
Extract

Aqueous 
Fraction

Ethyl 
Acetate 
Fraction

Chloroform 
Fraction

Percentage 

Yeild

13.06% 40.9% 14.7% 26.52%

Table 2 Results of Preliminary Phytochemical Screening of 
Crude Extract and Solvent Fractions

Secondary 
Metabolites

Crude 
Extract

Aqueous 
Fraction

Ethyl 
Acetate 
Fraction

Chloroform 
Fraction

Alkaloids – – – –
Flavonoids + – – +

Glycosides – – – –

Phenols – + + –
Saponins + – – –

Steroids – – – –
Tannins + + + +

Terpenoids + + + +

Notes: Where (+) = present, and (-) = absent.
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showed shorter period epithelialization as compared to the 
5% w/w extract. On average, the period of epithelialization 
was 21.17, 19.17, 17.83, and 17.67% for the negative 
control, 5% w/w, 10% w/w, and positive control, 
respectively.

The wound healing activity of solvent fractions in the 
excision wound model was found to be significant. Groups 
treated with the ethyl acetate and aqueous fraction ointments 
showed significant (P < 0.05) wound healing activity in com
parison with the negative control from day 4 to day 16 but 
chloroform fraction failed to show statistically significant 
wound healing activity when compared to the negative control 
(Table 4). The standard ointment treated group was showed 
statistically significant wound healing (P < 0.001) from 4 
to day 16 and significant (P < 0.001) at day 2 when compared 
to the negative control. Groups of mice treated with the 10% 
w/w ethyl acetate fraction, 5% w/w aqueous fraction, 10% w/ 
w aqueous fraction, and standard ointments revealed 
a statistically significant shorter period of epithelialization (P 
< 0.001) compared to the negative control. However, there 
was no significant difference in the epithelialization period 
among the 10% w/w ointment of ethyl acetate and aqueous 
fractions. Among the fractions, groups of mice treated with 
10% w/w aqueous fraction ointment had the shortest periods 
of epithelialization (16.16 days) compared to other fractions. 
When compared with positive control, statistically significant 
better effect was not found.

Incision Wound Model
Incision Model for Crude Extract
The mean tensile strength in the group treated with a simple 
ointment base tended to increase by about 10.59% compared 

to untreated controls, which failed to reach statistical signifi
cance. The 10% w/w of the crude extract ointment treated 
groups showed a significant (P <0.001) increase in tensile 
strength compared to simple ointment and the untreated con
trol group. Simple ointment treated groups did not show 
a statistically significant increase in breaking strength when 
compared to the untreated control group. The tensile strength 
of mice treated with the 10% w/w drug was significantly 
higher (P < 0.01) than the 5% w/w extract-treated animals; 
however, no apparent difference was detected with standard 
treated groups Table 5. When compared with positive control, 
statistically significant better effect was not found.

Incision Model for Solvent Fractions
As described in Table 6, among the solvent fraction; ethyl 
acetate and aqueous fractions were found to show 
a statistically significant (P < 0.001) increase in tensile 
strength when compared to both simple ointment and the 
untreated control groups. The 10% w/w chloroform fraction 
was not significant as compared to the negative control and 
untreated groups. The 10% aqueous w/w ointment was found 
to show a statistically significant difference (P < 0.001) in 
tensile strength compared to the control groups, chloroform 
fractions, and untreated group. However, there was no statis
tically significant difference observed between the 5% w/w, 
10% w/w ethyl acetate, and aqueous fraction ointments. 
When compared with positive control, statistically significant 
better effect was not found.

Burn Wound Model
According to Table 7, increased percentage of wound contrac
tion and reduced period of epithelialization observed in both 

Table 3 Effect of Vernonia auriculifera Crude Extract on Excision Wound Area in mm2 in Mice

Days Negative Control 5% w/w Vernonia auriculifera Hiern 10% w/w Vernonia auriculifera Hiern Positive Control

Wound area in mm2 ± SEM (% contraction)

2 262.67±1.36 (12.66) 238.17±1.62A3C3D3 (20.66) 224.33±1.09A3B3 (25.33) 219.17±1.08A3B3 (26.75)

4 231± 0.81 (23.00) 200±0.51A3C3D3 (31.64) 182± 0.36A3B3D2 (39.33) 177±1.30A3B3C2 (40.76)
6 213± 0.72 (29.00) 169 ± 0.63A3C3D3 (43.66) 136±0.51A3B3 (54.45) 134±0.63A3B3 (55.09)

8 175±0.51 (41.66) 126 ±0.36A3C3D3 (58.00) 91± 0.36A3B3D1 (69.42) 89±0.51A3B3C1 (70.06)
10 155 ± 0.77 (45.94) 104±0.51A3C3D3 (65.28) 64.67±0.66A3B3 (78.02) 64± 0.68A3B3 (78.66)

12 131± 0.36 (53.33) 72.00± 0.51A3C3D3 (76.0) 36.83±0.65A3B3 (87.57) 36±0.57A3B3 (87.89)

14 98.5 ± 0.88 (64.01) 38.83 ±0.47A3C3D3 (86.94) 21±0.36A3B3 (93.00) 20±0.36A3B3 (93.31)
16 70.17±0.47 (76.61) 20.83±0.30A3C3D3 (93.05) 5.67±0.33A3B3 (98.11) 4.83±0.40A3B3 (98.38)

18 5.83±0.30 (98.05) 5.83±0.30A3C3D3 (98.05) 0.00±0.00A3B3 (100) 0.00± 0.00A3B3 (100)

EPD 21.17 ± 0.60 19.17 ± 0.91A3 17.83 ± 0.60A1 17.67 ± 0.42A2

Notes: Values are expressed as Mean ± SEM, values in parenthesis indicate % wound contraction; n = 6; ACompared to the negative control, BCompared to the 5% w/w 
crude extract, CCompared to the 10% w/w crude extract, DCompared to the positive control; 1= P < 0.05, 2= P < 0.01, 3= P < 0.001. 
Abbreviation: EPD, Epithelialization Days.
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10% w/w and 5% w/w ointments of Vernonia auriculifera 
Herin crude extract. Silver sulfadiazine 1% and 10% w/w 
ointment of crude extract-treated groups produced significant 

(P < 0.001) wound contraction in most post wounding days 
when compared to the negative control. The 5% w/w ointment 
of the crude extract also showed statistically significant wound 

Table 4 Effect of Vernonia auriculifera Hiern Fractions on Excision Wound in Mice

Group Day_2 Day_4 Day_6 Day_8 Day_10 Day_12 Day_14 Day_16

Negative 

control

255.00±0.52 

(15.00)

233.13± 0.48 

(22.29)

204.16±0.60 

(31.94)

167.20±1.11 

(44.26)

129± 1.00 

(157.00)

94.66± 1.12 

(68.44)

68.83± 0.60 

(70.05)

35.83± 0.40 

(88.05)

Chloroform 

fraction 5%

245.83± 0.48 

(18.33)

225.83± 0.40 

(24.72)

177.33±0.92 

(40.88)

141.17±0.79 

(52.94)

110.5± 0.56 

(63.16)

78.5± 0.22 

(73.83)

41.33± 0.33 

(86.22)

23.66± 0.72 

(92.11)

Chloroform 

fraction 10%

244 ± 0.52 

(18.66)

215.17 ± 0.60 

(28.27)

179±1.24 

(40.33)

138.00±1.00 

(54.00)

108.5±1.02 

(63.83)

78.16± 0.54 

(73.94)

40.5± 0.50 

(86.50)

19.67±0.42 

(93.44)

Ethyl acetate 

fraction 5%

240 ± 0.73 

(20.00)

210.67 ± 1.05A* 

(29.77)

176±1.03A* 

(41.33)

128.83± 0.79A* 

(57.05)

93.33± 0.76A* 

(68.88)

58.50±0.22A* 

(80.5)

27.66± 0.33A* 

(70.77)

5.8 ± 0.70A* 

(98.05)

Ethyl acetate 

fraction 10%

239±0.93 

(20.33)

209.83± 0.98A* 

(30.05)

157.50±1.87A* 

(47.50)

112.33± 0.68A* 

(62.55)

83.16± 0.54A* 

(72.28)

53.83± 1.14A* 

(82.05)

22.66± 0.42A* 

(92,44)

1.5 ±0.22A* 

(99.5)

Aqueous 

fraction 5%

235.85±0.30 

(21.66)

207.83± 0.48A* 

(30.72)

167.83± 0.70A* 

(44.05)

119.16±0.98A* 

(60.27)

89.5± 0.67A* 

(70.17)

56.16± 0.95A* 

(81.12)

24.83± 0.87A* 

(91.72)

2.50± 0.43A* 

(99.16)

Aqueous 

fraction 10%

231.33± 0.67 

(23.00)

188.17± 0.70A* 

(32.27)

159± 0.52A* 

(47.00)

110.66±0.88A* 

(63.11)

74.83± 0.60A* 

(75.05)

45.16± 0.54A* 

(84.94)

15.00± 0.26A* 

(95.00)

2.00± 0.00A* 

(99.33)

Positive control 205.17 

±0.60A* 

(31.66)

183.83± 

1.01A*** 

(38.72)

181.67± 

0.92A*** 

(39.44)

106.83 

±0.95A*** 

(64.38)

74.66± 

0.33A*** 

(75.11)

46.00± 

0.52A*** 

(84.66)

16.17± 

0.48A*** 

(94.61)

1.50± 

0.22A*** 

(99.50)

Notes: Values are expressed as Mean ± SEM, values in parenthesis indicate % wound contraction; n = 6; ACompared to the negative control, *P < 0.05, **P < 0.01, ***P < 0.001.

Table 6 Effects of the Solvent Fractions of Vernonia auriculifera Hiern Ointments on Tensile Strength of Incision Model in Mice

Group Breaking Strength (gm) % Tensile Strength

Left untreated 217.18±22.15 _

Negative control 264.33±11.06 21.7

Chloroform 5% w/w 335.92±15.92A***B*** 34.65
Chloroform 10% w/w 352.40±20.5884A***B***C*** 51.90

Ethyl acetate 5% w/w 432.82±21.84A***B***C***D*** 63.74

Ethyl acetate 10% w/w 437.20±17.44A***B***C***D*** 65.40
Aqueous 5% w/w 452.47±16.74A***B***C***D*** 71.17

Aqueous 10% w/w 489.77±31.40A***B***C***D***I*** 89.29

Nitrofrazone 0.2% 499.40±29.88A***B***C***D*** 88.93

Notes: Values are expressed as Mean ± SEM; n = 6; A= as compared to simple ointment (negative control), B= as compared to left untreated, C= as compared to 5% 
chloroform fraction, D= as compared to 10% chloroform fraction, E=as compared to Ethyl acetate 5%, F=as compared to Ethyl acetate 10%, G=as compared to Aqueous 5%, 
H= as compared to 10% aqueous, I= as compared to standard, ***P < 0.001.

Table 5 Effects of Crude Extract of Vernonia auriculifera Hiern Ointments on Tensile Strength

Group Breaking Strength (gm) % Tensile Strength

Left untreated 192.46 ± 2.23 _

Negative control 212.85 ± 13.71 10.59
V. auriculifera Hiern 5% w/w 304.31 ± 5.26 42.97

V. auriculifera Hiern 10% w/w 340.63 ± 11.16A***B*** 60.03

Positive control 347.07 ± 14.58A***B*** 63.05

Notes: Values are expressed as Mean ± SEM, n = 6; A= as compared to simple ointment (negative control), B= as compared to 5% crude extract ointment, ***P ˂0.001.
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healing activity within 6–12 days (P < 0.05) and at 14th and 
16th (P <0.01) days of treatment compared to the negative 
control. However, no significant difference was observed in 
wound contraction in groups treated with 10% w/wand the 
positive control ointments. Groups of mice treated with the 5% 
w/w crude extract ointment resulted in a significant (P <0.05) 
reduction in the period of epithelialization when compared to 
the negative control. The 10% w/w crude extract ointment and 
the standard showed significant (P <0.001) reduction in the 
period of epithelialization compared to the negative control. 
However, an insignificant difference in epithelialization period 
was observed among groups treated with 10% w/w, 5% w/w 
crude extract, and the standard ointments. When compared 
with positive control, statistically significant better effect was 
not found.

Histopathological Analysis of Skin Tissue
Histopathological analysis was performed in excision wound 
model of crude and solvent fractions as well as burn wound 
model. As shown in Table 8, granulation tissue of healed 
wound in standard and extract-treated groups showed few 
concentrations of inflammatory cells, as well as a moderate 

concentration of collagen fiber, fibroblasts, and proliferating 
blood capillaries (angiogenesis) compared with control, treated 
group both in excision and burn wound models. Figure 1A–H. 
The negative control groups in both excision and burn wound 
models had fewer collagen fibers, fibroblasts and blood capil
laries, and more inflammatory cells, and thus showed delayed 
wound healing processes Figure 1A and E. Likewise, in 
a majority of fraction-treated groups, few inflammatory cells, 
and more collagen fiber, fibroblasts and proliferating blood 
capillaries (angiogenesis) were observed as compared to the 
negative control-treated group Figure 1I–N (Table 8).

Discussion
A wound causes a major health problem, both in terms of 
morbidity and mortality. Proper healing of wounds is 
essential for the restoration of disrupted anatomical stabi
lity and functional status of the skin.95 Rapid wound heal
ing requires fast wound contraction, a shorter 
epithelization period, and adequate gain of tensile 
strength.96 Herbal medicines play a vital role in developed, 
as well as developing, countries in improving primary 
healthcare because of their effective biological and 

Table 7 Effect of Vernonia auriculifera Hiern Crude Extract on Burn Wound Model in Mice

Days Simple Ointment 5% w/w Vernonia auriculifera Hiern 10% w/w Vernonia auriculifera Hiern SSD 1% Ointment

Wound area in mm 2 (mean± ME) and Percentage of wound contraction

2 234 ± 0.30 234 ± 0.40 234 ± 0.49A*** 234 ± 0.48A***
(21.97) (21.97) (21.97) (21.97)

4 189 ± 0.44 139 ± 0.30 103 ± 0.30A*** 104±0.60A***
(37) (53.66) (65.66) (65.33)

6 154±0.36 105± 0.40A* 68±0.36A*** 70± 0.30A***
(48.66) (64.97) (77.33) (76.66)

8 116± 0.51 74 ± 0.40A* 37±0.36A*** 36±0.36A***
(61.33) (75.15) (87.66) (88.00)

10 77 ± 0.47 47± 0.25A* 21.00±0.3A*** 9.±0.30A***
(74.33) (84.07) (93.00) (97.00)

12 35.83 ± 0.47 24 ± 0.36A* 10±0.36A*** 9±0.30A***
(88.05) (91.74) (96.7) (97.00)

14 35.83±0.47 9.67±0.66A** 2.83±0.30A*** 1.83±0.30A***
(88.05) (96.77) (99.05) (99.38)

16 17.83±0.30 2.5±0.22A** 0.00±0.00A*** 0.00±0.00A***
(94.05) (99.16) (100.00) (100.00)

EPD 19.16 16.67A* 14.5A*** 14.33A***

Notes: Values are expressed as Mean ± SEM, values in parenthesis indicate % wound contraction; n = 6; A=compared to the negative control, *P < 0.05, **P < 0.01, ***P < 
0.001; Initial wound area was 300 mm2. 
Abbreviations: EPD, epithelialization Days; SSD, silver sulfadiazine ointment.
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medicinal properties.17 Among the plants, Vernonia aur
iculifera Hiern is the one that is traditionally claimed in 
various parts of Ethiopia,28,29,31,97,98 due to its immense 
potential to have wound healing activity.99 Despite the 
claim, no scientific study about the wound healing activity 
of the leaves of this plant in animal models has been 
reported. Therefore, this study aimed to evaluate the 
wound healing activity of the plant in mice using excision, 
incision and burn models.

Acute dermal toxicity test showed no signs of toxicity 
when the animals were monitored for 14 days and PII 
values were zero implying the non-irritant nature of the 
test samples as per the dermal irritation scoring 
system.80,82 Hence, leaves of Vernonia auriculifera extract 
formulation can be used safely as a topical preparation to 
treat wound.

The plant extract was formulated as an ointment base 
for topical application to achieve sustained drug release at 
the application site thereby facilitating wound healing 

process by preventing the escape of moisture from the 
skin, causes skin hydration, and also provides a medium 
for dissolution of the drug and keratinocyte migration. 
Ingredients of ointment base include hard and white soft 
paraffin which have a role in the formation of a barrier for 
moisture over the wound area whereas wool fat and cetos
tearyl alcohol are thickeners and used for stabilization of 
ointment.100,101

Improved rate of wound contraction and reduction of 
healing time has been found in both 5% w/w (P < 0.05) 
and 10% w/w (P < 0.001) crude extract ointments in the 
excision and burn wound models. Although there was no 
statistically significant difference between extract-treated 
groups, the 10% w/w extract formulation showed better 
healing activity than the 5% w/w extract, and wound 
healing effect of 10% w/w extract was found to be com
parable with a standard drug (nitrofurazone).

Contraction of the excision wound was facilitated by the 
plant extract and promoted till day eighteen in extract and 
standard treated groups. Hence, the 10% w/w (P < 0.001) 
extract ointment revealed a better observable effect com
pared to the negative control. However, it showed 
a statistically insignificant result when compared to the 
positive control. The 10% w/w (P < 0.001) aqueous fraction 
showed faster wound area contraction than 5% w/w chloro
form and ethyl acetate fraction ointments from the 4th day 
onwards. Hence, the higher wound contraction rate of the 
10% w/w aqueous fraction was possibly due to either its 
higher dose of antibacterial effect or induction of macro
phage cell proliferation.102 The enhanced effect observed in 
the extracts may be associated with the ability of the extract 
to promote the proliferation of epithelial cells.

In excision wound model of crude extract, the period of 
epithelialization was reduced from 21.17 days (simple 
ointment) to 19.17, 17.83, and 17.67 days for 5% w/w (P 
< 0.001) extract, 10% w/w (P < 0.05) extract and 
Nitrofurazone (P < 0.001) treated groups, respectively. 
Similarly, it was greatly reduced in standard and aqueous 
fractions. This might be due to the ability of the plant 
extract to facilitate collagen synthesis, induction of cell 
proliferation, and antimicrobial activities of bioactive 
constituents.64

The wound healing activity of the extract was also 
evaluated in the incision wound model. Accordingly, the 
tensile strength of crude extracts of 10% ointment was 
statistically highly significant (P < 0.001) as compared to 
simple ointment treated and untreated groups but it 

Table 8 Histological Qualitative Determination of Wound 
Healing Processes of Crude Extract and Solvent Fractions of 
Vernonia auriculifera Hiern in Different Wound Healing Models

Groups FP CD MNC PMN NV

Excision model

Crude extract

Simple ointment – – +++ ++ +

5% (W/W) extract ++ ++ + + +

10% (W/W) extract ++ +++ + – +

Nitrofurazone 0.2% ++ ++ + + +

Solvent fractions

Simple ointment + + ++ +++ +

Chloroform fraction 5% (W/W) + – + ++ –

Chloroform fraction 10% (W/W) + + ++ ++ –

Ethyl acetate fraction 5% (W/W) ++ ++ + + ++

Ethyl acetate fraction 10% (W/W) ++ ++ + + ++

Aqueous fraction 5% (W/W) ++ ++ + + –

Aqueous fraction 10% (W/W) +++ +++ + + +++

Nitrofurazone 0.2% (W/W) ++ ++ + + –

Burn wound model

Simple ointment + + ++ +++ –

5% (W/W) extract + ++ – – +

10% (W/W) extract ++ ++ + + –

Silver sulfadiazine 1% ++ ++ + + +

Notes: Low concentration (+), moderate concentration (++), and high concentra
tion (+++) for epidermal or dermal remodeling. 
Abbreviations: FP, fibroblast proliferation; CD, collagen depositions; MNC, mono
nuclear cells; PMN, polymorphonuclear cells; NV, neovascularization.
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showed slightly lesser strength as compared to the stan
dard treated group. The tensile strength of a wound mainly 
depends upon the increase in collagen concentration and 
stabilization of the fibers. Hence, based on the histopatho
logical analysis, it could be assumed that the 10% w/w 
extract ointment enhances the strength of the incision 
wound by increasing the collagen levels that stick the 

wound edges together at the repair site.103 Thus, the 
crude extract ointment might have roles in increasing 
tensile strength by facilitating collagen synthesis, matura
tion, stabilization, and improving angiogenesis.

Both aqueous and ethyl acetate fractions (P < 0.001) in 
the incision wound model showed increased tensile strength 
compared to the negative control and chloroform fractions. 

MNC

PMN

A B

C D

E F

FB

CD

NV
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NV
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Figure 1 Photomicrographs of skin tissue (H and E x40) of crude and solvent fraction ointment treated mice in excision and burn wound models. (A) Mice treated with Negative 
control in excision wound model, (B) mice treated with 5% extract in excision wound, (C) mice treated with 10% extract in excision model, (D) mice treated with Nitrofurazone in 
excision wound, (E) mice treated with negative control in burn wound, (F) mice treated with 5% in burn, (G) mice treated with 10% extract in burn wound, (H) mice treated with 
positive control in burn, (I) mice treated with negative control in fractions, (J) Mice treated with Ethyl acetate fraction 5%, (K) mice treated with Ethyl acetate fraction 10% (L) mice 
treated with 5% aqueous fraction, (M) mice treated with 10% aqueous fractions, (N) mice treated with positive control in fractions. 
Abbreviations: CD, collagen deposition; D, dermis; E, epidermis; RE, re-epithelialization; HF, hair follicle; FP, fibroblast proliferation; MNC, Mononuclear cells; PMN, polymorpho
nuclear cells; NV, neovascularization.
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This may be due to the astringent, antioxidant, and anti
bacterial properties of the phytoconstituents such as phenols 
and tannins in water and ethyl acetate fractions that enhance 
regeneration of new tissues.104 In the present study, rela
tively less concentration of inflammatory cells, and more 
collagen fiber, fibroblasts and angiogenesis were found in 
the crude extract of excision model, ethyl acetate fraction 
aqueous fraction, and crude extract of burn wound model.

A study conducted in South Africa shows that triterpenoids 
from Vernonia auriculifera Hiern exhibit antimicrobial activ
ity. In the study, eight triterpenes and one aminated sesquiter
pene were isolated from this plant and all compounds were 
tested against E. coli, P. aeruginosa, K. pneumoniae, S. aureus, 
B. subtilis, Enterococcus faecium, Staphylococcus epidermi
dis, and Staphylococcus saprophyticus.27

In another study, antimicrobial activity test has also 
been done and the qualitative crude methanolic leaves 
and stems extract activity result showed that 
Staphylococcus aureus and Staphylococcus epidermidis 
are found to be more susceptible.39

In addition, a study showed that Vernonia auriculifera 
possess antibacterial activities against the commonly 
wound infecting bacteria such as Staphylococcus aureus, 
Escherichia coli, and Pseudomonas aeruginosa and the 
microbial growth inhibition may be responsible for the 
wound healing effect of the plant by preventing infection 
and creating a clean wound bed for initiation and progres
sion of the natural tissue repair process so that the overall 
time required for wound healing reduced significantly.105 

Therefore, the in-vitro studies might support the wound 
healing activity of Vernonia auriculifera Herin by 
destructing wound surface contaminating pathogens.

Phytochemical screening test results showed the possible 
presence of flavonoids, phenols, saponins, tannins, and terpe
noids. Similar studies on phytochemical screening of the 
methanol leaf extract of Vernonia auriculifera Hiern have 
been conducted and the result revealed the presence of sec
ondary metabolites such as tannins, flavonoids, saponins, and 
terpenoids.62,105 The presence of flavonoids, phenols, and 
tannins had great implications for the enhanced wound healing 
activity that resulted by scavenging reactive oxygen species 
(ROS) thereby prevention of cells and tissue damage.106 

Moreover, these secondary metabolites in the plant extract 
might also be attributed to the increased wound contraction 
and the reduced period of epithelialization. Tannins have 
astringent properties, hasten the healing of wounds. Saponins 
exhibit antioxidant and antibacterial property which appear to 
be important for wound contraction and an elevated rate of 

epithelization.107 Terpenoids promotes wound healing due to 
their astringent and antimicrobial property. In general, the 
observed wound healing activity may be due to the synergistic 
or independent action of the phytochemicals present in 
Vernonia auriculifera Hiern.

In all models used in the current study, even though 
promising result was found, but the extract and solvent 
fractions did not show significant significant better effect 
when compared with positive control. The effect of 10% 
ointment was especially promising. Studies by using other 
healing models would be important for further study.

Conclusion
The present study showed that 80% methanol extract and 
solvent fractions of the leaves of Vernonia auriculifera Hiern 
prepared as ointment formulations with a strength of 5% w/w 
and 10% w/w have rapid wound healing activity as compared 
to the simple ointment (negative control group). Among 
solvent fractions, ethyl acetate and aqueous fractions have 
shown significant wound healing activity. The presence of 
bioactive metabolites might be the reason for the extract to 
possessed wound healing activity. Thus, the results indicated 
that the leaves of Vernonia auriculifera Hiern possessed 
wound healing properties and these justify the use of the 
leaves of the plant for the treatment of wounds as claimed 
in the traditional medicine pieces of literature.
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