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Background: The root of Stephania abyssinica (Dill. and A. Rich.) Walp. (Menispermaceae) is traditionally used to treat wounds. 
Despite the fact that there have been in vitro studies and claims supporting wound healing, there has been no scientific data on the 
in vivo wound healing activities of the root of S. Abyssinica.
Objective: The aim of the study was to evaluate the wound healing activity of 80% methanol root extract and solvent fractions of 
S. Abyssinica in mice.
Methods: The roots of S. Abyssinica were air dried, ground and macerated by 80% methanol three times successively. The crude 
extract was fractionated by water, hexane and ethyl acetate separately. The acute dermal toxicity test was done by applying 2000 mg/ 
kg of the 10% w/w crude extract. Wound healing activity of crude extract was evaluated on excision, incision and burn wound models, 
while the fractions were evaluated on excision wound model only.
Results: In mice, an acute dermal toxicity test of 2000 mg/kg of the 10% w/w crude extract was found to be safe. The 10% w/w crude 
extract ointment (CEO) produced significant (p < 0.001) wound contraction from 4th to 16th post wounding days, and the 5% w/w 
CEO were significant (p < 0.01) wound contraction on 10th post wounding day as compared to simple ointment (SO) treated group on 
excision wound. On burn wound models, the CEO showed highly significant (p < 0.001) from the 6th post wounding days onwards. 
The tensile strength was increased significantly (p < 0.001) by the CEO treated mice as compared to the untreated group and SO group.
Conclusion: The data obtained from this study showed 80% methanol crude extract, the aqueous and the 10% w/w ethyl acetate 
fraction possessed better wound healing activities, and decreased period of epithelialization.
Keywords: wound healing, Stephania abyssinica, wound models, Ethiopia

Introduction
The different organs of the body have different structures and functions.1 Mechanical, thermal, chemicals, or radiation 
therapy can induce wounds by destroying the integrity of skin epithelial tissue and disrupting the structure and function 
of underlying normal tissue.2 Depending on how long it takes for a wound to heal, it might be classified as chronic or 
acute. Wounds that demonstrate delayed healing 12 weeks after the initial insult are termed chronic wounds, often as 
a result of prolonged pathological inflammation.3 The wounding of tissue causes a coordinated physiological response 
that initiates the wound healing processes of hemostasis, inflammation, proliferation, and remodeling.2 The most 
common treatment options are infection prevention or treatment (eg, antibiotics), debridement, dressing, and irrigation.4

S. Abyssinica (Dill. and A. Rich.) Walp (Figure 1) belongs to the family Menispermaceae and the genus Stephania. It is 
distributed in tropical and subtropical Asia, parts of Africa and Oceania.5 This plant has different local names in Ethiopia as 
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Yeayit Hareg, Etse Iyesus, chewchawit (in Amharic.), Hidda kalaalaa (in Oromic.).6 S. abyssinica is traditionally used to treat 
different human ailments in different areas of Ethiopia such as wounds, unwanted pregnancy, swelling, anthrax, common cold, 
blackleg, external tumor, and rabies.7–15 Hepatoprotective, antioxidant, antibacterial, antimalarial, anti-inflammatory and 
analgesic activities of the plant were done.16–20 The phytochemical screening of the root showed the presence of alkaloids, 
flavonoids, saponins, and phenols, but no tannins, coumarins, and anthraquinones.16 Despite this study and claims, no 
scientific data reported so far about its wound healing activity of the study plant on animals. The present study was, therefore, 
conducted to investigate the wound healing activities of S. Abyssinica root.

Materials and Methods
Drugs, Chemicals Supplies, and Equipment
Methanol absolute (Taflen industries, Ethiopia), n-hexane (Alpha Chemika, India), ethyl acetate (Alpha Chemika, India), 
white soft paraffin (Ethiopian pharmaceuticals manufacturing, SH.CO), wool fat (Blulux Laboratories Pvt. Ltd, India), 
hard paraffin (Lab tech chemicals), cecostearyl alcohol (Blulux Laboratories Pvt. Ltd, India), 2% nitrofurazone skin 
ointment (Shanghai General Pharmaceuticals Co., Ltd., China), ketamine hydrochloride injection USP (Neon 
Laboratories limited, India), diazepam injection (Gland pharm limited, India), 70% alcohol (Yilmana chemical produc-
tion, Ethiopia), bee wax (Bo International, Delhi, India), hematoxylin and eosin (Alpha Chemika Maharashtra, India), 
Glacial Acetic Acid (Blulux laboratories Pvt., Ltd, India), Iodine (Riedel Laboratories Pvt., Ltd, Germany), sulphuric 
acid (Blulux Laboratories Pvt. Ltd, India), lead acetate (Guangdong Guanghua Chemicals, China), Potassium Iodide 
(Caliber Engineering, India), hydrochloric acid (Pentokay Laboratories Pvt., Ltd, India), Ammonia (Blulux Laboratories 
Pvt. Ltd, India), Ethanol (Hayman Laboratories Pvt. Ltd, England), chloroform (Blulux Laboratories Pvt. Ltd, India), 
ferric chloride (Fin Chem Industries, India), Wagner’s reagent (Research –Lab, Fin Chem Industries, India), and 10% 
formalin solution were procured from pharmacy, suppliers and all the reagents were of analytical grade.

Plant Material Collection and Preparation
Fresh roots of S. Abyssinica were collected from Aba Aregay village located in Farta District, South Gondar Zone of the 
Amhara Regional State, and North-central Ethiopia in February 2021. The plant material was identified and authenticated 
by a botanist from Biology Department, College of Natural and Computational Sciences, Debre Tabor University and 
deposited with a voucher specimen number (TG1) for future reference. The fresh roots were washed with tap water until 

Figure 1 Photograph of the Stephania abyssinica taken from site of collection.
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the dirty part removed and air dried under shade in the house at room temperature. The dried roots were pounded into 
a coarse powder using a mortar and pestle.

Experimental Animals
For the evaluation of wound healing in the three models (incision, excision, and burn), healthy Swiss albino mice of 
either sex (20–30 g, 6–8 weeks old) were used for the study. The animals were given full access to food and water, and 
were kept in an individual cage with a regular 12 hour light/dark cycle at room temperature. The mice were acclimatized 
for five days to the laboratory environment before the experiment began. Mice were handled according to the interna-
tional and East African care and usage criteria throughout the experiment.21,22

Preparation of the Crude Extract
In an Erlenmeyer conical flask, one kilogram of the coarsely powdered root was macerated in 80% methanol (1:6 ratio)23 

for three days with regular shaking. After three days, the mixture was filtered with sterile gauze followed by Whatman 
filters paper No. 1. To increase the extract yield, the residue was again macerated twice with the same amount of 
methanol for a total of six days. The mixed filtrates were evaporated and concentrated by a rotatory evaporator and 
a drying oven at 40°C, respectively. Finally, the concentrated extract was frozen in a deep freezer and then freeze dried in 
a lyophilizer to remove the water from the extract. The final dried extract (131.20 gm) was stored in a refrigerator at 
−4°C until required.24,25

Solvent Fractionation of Crude Extract
Fractionation was performed by hexane, ethyl acetate, and water. In a given amount of distilled water, 75 mg of crude extract 
(1:6 ratio)26 was suspended in a separatory funnel. An equal amount of hexane was added to the mixture. Then, the mixture 
was allowed to mix well by shaking for 3–5 minutes at room temperature. Two phases, the hexane phase at the upper and the 
aqueous phase at the lower were formed. After a clear layer was formed between the two phases, the hexane fraction was 
separated from the mixture and collected in a separate container. This was done two times in the same manner. After the 
separation of the hexane fraction, an equal amount of ethyl acetate was mixed with the aqueous residue, and the ethyl acetate 
fraction was separated. Like the previous procedure, it was done two times and the ethyl acetate fractions then separated from 
the aqueous fractions. The two fractions (ethyl acetate and hexane) were dried and concentrated at 40°C through a dry oven, 
while the aqueous fraction was frozen in refrigerator and dried in with a lyophilizer. Finally, the dried fractions (5.81g hexane, 
20.63g ethyl acetate, and 40.95g aqueous) were stored in a tight container at 4°C until use.27

Ointment Formulation
Simple ointment (Table 1), the 80% methanol crude extract and the three fractions (hexane, ethyl acetate and aqueous) 
were prepared according to the master formula taken from British pharmacopeia.28

The medicated ointments of crude extract and solvent fractions were prepared as 5% w/w and 10% w/w ointments. 
The 10 g and 5 g crude extract was added to 90 gm and 95 gm simple ointment, respectively, to prepare 10% w/w and 5% 
w/w methanol crude extract ointment. Similarly, the 5% w/w and 10% w/w solvent fraction ointments were prepared by 

Table 1 Simple Ointment Formula

Ingredients Master Formula (g) Reduced Formula (g)

White soft paraffin 850 85

Cecostearyl alcohol 50 5

Wool fat 50 5

Hard paraffin 50 5

Total 1000 100
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mixing 1.5 g and 3 g of each fractions mixed into 28.5 g and 27 g of simple ointment base, respectively, to yield 30 
g medicated ointment of the fractions.

Phytochemical Screening
Qualitative preliminary phytochemical screening tests were done for Stephania abyssinica root crude extract and 
aqueous, ethyl acetate and hexane fractions as per the standard methods so as to determine the presence or absence of 
secondary metabolites23,29,30 (Annex 1)

Acute Dermal Toxicity Test
The acute dermal toxicity test was done according to OECD guideline 404.31 Three adult female Swiss albino mice with 
normal skin texture were individually caged and acclimatized to laboratory conditions for 5 days before the test began. 
Before 24 hours of conducting the study, 10% of the body surface of mice from the dorsal area of the trunk was shaved after 
proper anesthesia with ketamine 50 mg/kg intrapertonially. In the first test, a single dose of 2000 mg/kg (maximum limit 
dose) of S. Abyssinica 10% w/w crude extract was applied evenly over the shaved region in a single mouse. Within 60 
minutes of application of the ointment, the mice’s responses were examined, and recorded. A confirmatory test was 
performed on other two mice after 24 hours of observation of the initial test. After the residual ointment was removed, 
the mice were observed daily for the development of any adverse skin reaction in terms of edema and erythema for 14 days.32

Grouping and Dosing of Experimental Animals
A total of 126 mice were used to evaluate wound healing activity of the root crude extract and solvent fractions of 
S. Abyssinica on excision, incision, and burn wound models. Each wound model had four groups and one additional 
group on incision wound model,24 and six mice per group. In all three wound models, group I treated with simple 
ointment (served as a negative control), whereas groups II, III, and IV treated with 5% w/w, 10% w/w crude extract 
ointment (CEO), and nitrofurazone 0.2% ointment (served as a positive control), respectively. Group V in the incision 
wound model was left untreated.24,25

Solvent fractions (ethyl acetate, hexane and aqueous) were evaluated on excision wound model with eight groups (each 
group had 6 mice) I–VIII. Groups I, II, III, IV, V, VI, VII and VIII were treated with simple ointment, nitrofurazone, 5% w/w 
hexane fraction (HF), 10% w/w HF, 5% w/w ethyl acetate fraction (EAF), 10% w/w EAF, 5% w/w aqueous fraction (AQF), 
and 10% w/w AQF, respectively.33 The mice were sacrificed with high dose of ketamine (four times the anesthetic dose) and 
buried in a controlled environment at the end of the experiment.

Wound Healing Evaluation
Circular Excision Wound Model
The wound healing activity of crude extract and solvent fractions were evaluated on circular excision wound. The wound 
was created on the dorsothoracic region of mice after proper anesthesia with diazepam (5 mg/kg) and ketamine (50 mg/ 
kg) intrapertonially.34 After labeling with a permanent marker, a circular excision of 300 mm235 was excised using 
forceps and sterilized scissors. The day when the wound was created was considered as wounding day 0. The mice were 
treated on a daily basis beginning on the first post wounding day, and continuing until the test group was healed. The 
healing activity was examined using parameters such epithelialization time, histopathological study, and percentage of 
wound contraction (which was measured every two post wounding days using 1mm2 graph paper and a transparent 
sheet).36 Percent wound contraction was calculated by the following formula:

% Wound contraction¼
WA0 � WAt

WA0
� 100 

Where WA0- wound area at day 0, WAt- wound area at day t
t = number of days, ie, 2nd, 4th, 6th, 8th, 10th, etc.
Epithelialization refers to the number of days it takes for dead tissue remains to fall off without leaving a raw wound, 

as evaluated at the end of the study.37
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Histopathological investigation: 3µm thickness samples of tissues were obtained from each group after mice were 
scarified with high dose of ketamine (four times the anesthetic dose) and stored in 10% buffered formalin. It was then 
processed and stained by Hematoxylin and Eosin. Finally, the tissue was analyzed by pathologist and graded for the level 
of inflammatory cells, collagen fibers, fibroblast, mononuclear/polymorph nuclear cells and angiogenesis as none (-), low 
(+), moderate (++) and high (+++) concentration.38

Linear Incision Wound Model
The incision wound was created in 30 mice after suitable anesthesia with diazepam and ketamine. The dorsal fur of each 
mouse was shaved and a 3 cm long, longitudinal paravertebral incision was done24 (Figure 2). The edges of the wound 
were closed together with silk no. 00 round and curved needle (no. 11). Mice were treated with extract (group 1 with 5% 
and group 2 with 10%), simple ointment (group 3), and nitrofurazone (group 4) once daily for 9 days starting from the 1st 
post-wounding day and one group was left untreated (group 5) as described on the grouping and dosing section. The 
suture was removed on the 8th day of post wounding and the degree of healing was assessed by measuring the tensile 
strength on the 10th day by using continuous water flow technique.35,39 The percentage of tensile strength for each group 
with their respective treatment was measured as follows:

Percentage tensile strength TSð Þ of extract ¼
TS extract � TS so

TS so
� 100 

Percentage tensile strength of reference drug ¼
TS ref � TS so

TS so
� 100 

Percentage tensile strength of simple ointment ¼
TS so � TS lu

TS lu
� 100 

Where so-simple ointment, lu- left untreated, ref-reference

Burn Wound Model
A total of 24 mice were anesthetized and shaved in the same manner as in excision and incision wound models. A partial- 
thickness burn wound was created by pouring hot molten wax at 80°C into a metal cylinder of 300 mm2 circular 
openings placed on the shaven area of the mice and stayed until the wax gets solidified for 10 minutes. After the wax 
solidified, the metal cylinder with wax that adhered to the skin was removed. The mice were treated daily with the 
extracts, simple ointment, and nitrofurazone with their respective groups. Wound healing was assessed by the parameters 
like the circular excision wound model.35

Statistical Analysis
The data obtained from this experiment were expressed as mean ± SEM. Then, it was analyzed by one way ANOVA, 
followed by post hoc Tukey’s test with SPSS version 25 software. At confidence level 95% and p-value <0.05, the 
difference was considered as statistically significant.

A-at dv0 B- open wound

Figure 2 Incision wound tensile strength measurement by water flow technique.
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Result
Phytochemical Screening
The different secondary metabolites produced from 80% methanol crude extract and solvent fractions revealed by 
phytochemical screening. Among the solvent fractions, the aqueous fraction showed the secondary metabolites present in 
the crude extract (Table 2).

Acute Dermal Toxicity
The topical application of 2000 mg/kg of the 10% w/w methanol crude extract ointment was safe. There was no edema or 
erythema, as well as no evidence of any toxicity or death, during the 14 days of monitoring and observation, as indicated 
in Figure 3.

Excision Wound Model
Wound contraction
The topical application of the crude extract ointments (5% w/w and 10% w/w) showed a higher percentage of wound 
contraction (Table 3). The 10% w/w crude extract-treated group and the positive control group showed substantial wound 
contraction (p < 0.05) starting from the 2nd post-wounding day onwards compared to the simple ointment treated group. 
However, the 5% crude extract ointment showed significant wound contraction (p < 0.001) from the 4th day onwards. No 
apparent difference was observed between the treatment groups on all the treatment day, except on the 10th day, whereby 
the contraction induced by the 5% was significantly lower (p < 0.05) than the 10% and the standard.

Wound contraction percentage of 5% w/w and 10% w/w treated mice was higher on the 14th post wounding day that 
is 96.33% and 97.78%, respectively, and on the 16th day 99.22% for simple ointment and 100% of crude extract. This 
wound contraction percentage on the 14th and 16th post-wounding days were significant (p < 0.001) as compared to the 
simple ointment treated group (Figures 4 and 5).

Period of Epithelialization
Both crude extracts and nitrofurazone treatment produced a significant reduction in the period of epithelialization (p < 
0.001) as compared to the group treated with simple ointment. There was no significant decrease in the period of 
epithelialization between the crude extracts and standard drug-treated groups. The percentage reduction in epithelializa-
tion period was 16.65%, 21.65%, and 21.84% for 5% w/w, 10% w/w crude extract ointment, and 0.2% nitrofurazone, 
respectively (Table 4).

Histopathological Analysis
Histopathological analysis was done on the excision wound on day 16th. The crude extract-treated groups had 
a moderate to the high concentration of fibroblasts, collagen fibers, blood capillaries (angiogenesis), and few inflam-
matory cells, whereas the negative control-treated groups had a higher concentration of inflammatory cells (Table 5 and 
Figure 6).

Table 2 Secondary Metabolites from Phytochemical Screening

2° Metabolites Test 80% Methanol Extract Hexane Ethyl Acetate Aqueous

Terpenoids Salkowski + – + ++

Alkaloids Wagner´s + + ++ +++

Tannins Gelatin – – – –
Flavonoids Shinoda + – + +

Saponins Foam + + + +

Phenols FeCl3 + – – +
Steroids Salkowski + + + ++

Glycosides Keller Killioni – – – –

Anthraquinones Borntrager´s – – – –

Abbreviations: –, absent; +, present.
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Incision Wound Model
The 5% w/w, 10% w/w crude extract, and 0.2% nitrofurazone treated groups produced statistically significant (p < 0.001) 
increase in tensile strength measured by water flow technique as compared to the simple ointment and untreated groups. 
In comparison to the untreated group, the simple ointment treatment group showed a significant (p < 0.05) increase in 
mean breakage of the repaired tissue. Percentage of tensile strength of 5% w/w, 10% w/w and 0.2% nitrofurazone was 
53.35%, 61.01%, and 61.11%, respectively (Table 6).

Burn Wound Model
Wound Contraction
The 10% w/w CEO produced significant wound contraction (p < 0.05) on 2nd, (p < 0.01) on 4th, and (p<0.001) from 6th 
post wounding days onwards when compared to the negative control group (Table 7). Similarly, it produced significant 
wound contraction (p < 0.05) on 6th and 8th, (p < 0.01) on 10th post wounding days as compared to 5% w/w crude 
extract treated groups.

Groups treated with nitrofurazone showed statistically significant contraction (p < 0.01) on 8th post-wounding day as 
compared to 5% w/w crude extract treated groups and 10% w/w treated groups showed significant (p < 0.05) on 6th and 
8th, (p < 0.01) on 10th post wounding days as compared to 5% w/w crude extract treated groups.

On the other hand, 5% w/w crude extract showed significant wound contraction (p < 0.05) on 4th and 6th, (p < 0.01) 
on 8th, and (p < 0.001) on 10th post wounding days onwards as compared to simple ointment treated mice.

The wound was completely closed on day 20 for groups treated with 10% w/w CEO and nitrofurazone and on day 22 
for groups treated with 5% w/w CEO (Figures 7 and 8).

A B

Figure 3 Acute dermal toxicity test. Before (A) and after (B) application of crude extract ointment.

Table 3 Effect of Topical Application of the Crude Root Extract Ointment on Excision Wound

Days of Wound Area Measurement Wound Area (mm2) ±SEM

SO 5% CEO 10% CEO 0.2% NF

Day 2 273.67 ±2.26 262.33 ±2.99 258.50 ±3.74a,* 257.33 ±3.67a,*
Day 4 261.50 ±3.32 229.17 ±5.23a,*** 218.83 ±2.36a,*** 216.00 ±3.84a,***

Day 6 218.17 ±2.68 155.17 ±2.89a,*** 142.33 ±4.21a,*** 144.17 ±3.26a,***

Day 8 166.33 ±3.41 112.35 ±4.01a,*** 96.00 ±4.37a,*** 97.17 ±4.86a,***
Day 10 92.67 ± 6.72 63.00±3.06a,** 45.33±2.36a,***,b,* 47.17±4.58a,***,b,*

Day 12 62.67±3.09 24.00±0.86a,*** 18.17±1.30a,*** 16.50±1.84a,***

Day 14 38.17±1.00 11.00±0.97a,*** 6.67±0.80a,*** 5.83±3.54a,***
Day 16 21.29±1.00 2.33±0.84a,*** 0.00±0.00a,*** 0.00±0.00a,***

Notes: Values are expressed as mean ± SEM (n = 6 mice in each group), and analyzed by one way ANOVA followed by post hoc Tukey’s test. 
aCompared to the negative control. bCompared to 5% CEO. *p < 0.05, **p < 0.01, ***p < 0.001. Initial wound area was 300mm2. 
Abbreviations: SO, simple ointment; NF,nitrofurazone; CEO, crude extract ointment.
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Period of Epithelialization
The complete epithelialization period was significantly shorter (p < 0.001) for crude extracts and nitrofurazone treated 
mice as compared to negative control in partial thickness burn wound. There was no significant difference of epithelia-
lization period between crude extracts and the standard drug (Table 8).

Figure 4 Percent wound contraction induced by crude extract on excision wound. 
Abbreviations: CEO, crude extract ointment; NF, nitrofurazone; SO, simple ointment.

Day 2                      day 8               day 16

5% w/w CEO  

10%w/w CEO 

NF    

SO     

Figure 5 Photograph of excision wound on day 2, 8, and 16.
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Histopathological Analysis
The histopathological analysis on burn wound was done on 20th post wounding day on each treatment group. The result 
showed that the crude extract treated groups had more fibroblasts, collagen fibers, blood capillaries (angiogenesis), and 
few inflammatory cells, whereas the negative control treated groups had a higher concentration of inflammatory cells and 
a lower concentration of collagen fibers, fibroblasts, and blood capillary cells (Table 9 and Figure 9).

Wound Healing Activity of Solvent Fractions on Excision Wound Model
Wound Contraction
Mice treated with 10% w/w AQF showed statistically significant wound contraction (p < 0.001) from the 4th post wounding days 
onwards as compared to the negative control, again significant wound contraction (p < 0.01) on the 2nd and 4th, (p < 0.001) from 
the 6th post wounding day onwards when compared to groups treated with 5% w/w HF. There was also statistical significant as 
compared to 10% w/w HF treated mice which was (p < 0.05) on the 4th and 6th, (p < 0.01) on 8th post wounding days onwards.

Significant wound contraction (p < 0.05) on 2nd to 6th, (p < 0.01) from 8th post wounding days onwards was seen on 
groups treated with nitrofurazone as compared to groups treated by 5% w/w HF, also significant (p < 0.05) on 8th and 
10th, (p < 0.01) from 12th to 16th post wounding days as compared to 10% w/w HF treated groups. There was significant 
wound contraction (p < 0.05) on 8th and 10th, (p < 0.01) from 12th to 16th post wounding days compared to 5% w/w 
EAF treated mice.

Ethyl acetate 10% w/w treated groups showed highly significant (p < 0.001) from 6th to 16th and (p < 0.001) from 
12th and 16th post wounding days as compared to negative control and 5%w/w HF treated mice, respectively.

The wound was completely closed on the 16th day in groups treated with 10% AQF, 10% EAF and nitrofurazone 
(Table 10, Figure 10).

Table 5 Histopathological Qualitative Determination of Wound Healing Processes of Crude Extract on 
Excision Wound

Wound Model SO NF 5% w/w CEO 0% w/w CEO

Excision wound of crude extract CD + +++ ++ +++

MNC +++ – + –

NV + ++ + ++

PMN ++ – + +

FB + +++ ++ +++

Notes: (+) low concentration, (++) moderate concentration, and (+++) high concentration. 
Abbreviations: MNC, mononuclear cells; CD, collagen depositions; PMN, polymorph nuclear cells; NV, neovascularization; FP, fibroblast 
proliferation; NF, nitrofurazone; CEO, crude extract ointment; SO, simple ointment.

Table 4 Effect of Topical Application of the Crude Root Extract on Epithelialization 
Period of Excision Wound

Treatment Group Period of Epithelialization (days) % Decrease PE

Simple ointment 19.83±0.31 ——–

5% CEO 17.00± 0.00a,*** 16.65%

10%CEO 15.83±0.40a,*** 21.65%
0.2 Nitrofurazone 15.50±0.84a,*** 21.84%

Note: Values are expressed as mean± SEM (n = 6 in each group), analyzed by one way ANOVA followed by Post 
Hoc Tukey’s test. aCompared to negative control. ***p < 0.001. 
Abbreviations: PE, period of epithelialization; CEO, crude extract ointment.
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Period of Epithelialization
The AQF, 10% w/w EAF, and nitrofurazone produced significant (p < 0.001) and 5% w/w EAF and 10% HF (p < 0.01) 
decreased period of epithelialization as compared to simple ointment treated groups (Table 11). Mice treated with 10% w/ 
w AQF, 10% w/w EAF and nitrofurazone were significant (p < 0.001) and 5% w/w AQF significant (p < 0.01) as 
compared to 5% w/w HF treated mice. There were no significance difference in period of epithelialization between AQF, 
10% EAF, and nitrofurazone.

The 10% w/w AQF had the shorter period of epithelialization (15.17±0.40 days); on the other hand, the 5% w/w HF 
treated mice had longer period of epithelialization (18.50±0.56 days).

Table 6 Effect of 80% Crude Extract on Tensile Strength on Incision Wound

Treatment Group Tensile Strength (gm) (Mean± SEM) % of Tensile Strength

Left untreated 234.10±3.16 ——–

Simple ointment 257.53±4.29a,* 10.01%

5%CEO 394.92±5.14a,***,b,*** 53.35%
10%CEO 414.64±3.50a,***,b,*** 61.01%

0.2% Nitrofurazone 414.90±7.07a,***,b,*** 61.11%

Notes: Values are expressed as mean ± SEM (n = 6 mice in each group), analyzed by one way ANOVA followed by the post hoc 
Tukey’s test. aCompared to left untreated. bCompared to simple ointment. *p < 0.05, ***p < 0.001. 
Abbreviations: SO, simple ointment; CEO, crude extract ointment.

A B

C D

Figure 6 Photograph of histological section on excision wound tissues treated by crude extract and controls A-nitrofurazone, B-10% crude extract, C-5% crude extract 
and D-simple ointment.
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Histopathological Analysis
The histopathological analysis of solvent fraction treated groups taken from granulation tissue revealed that the 5% w/w 
and 10% w/w AQF, 10% w/w EAF had more fibroblast, collagen, and blood capillaries, and few inflammatory cells, 
while the HF and the simple ointment treated groups showed a high level of inflammatory cells (Table 12).

Discussion
The medicinally active component of S. Abyssinica root was isolated from the insoluble cellular marc by the maceration 
technique with 80% methanol. From different extraction techniques, maceration is convenient, cost-effective, widely 
used, and more applicable for the extraction of medicinal plants. Maceration with 80% methanol was the most widely 
used solvent and yield the maximum flavonoid and phenolic content.40,41

To ensure the prolonged and constant release of active ingredients in the wound area, both the crude extract and fractions were 
prepared as ointments. Treating wound by topical application is preferable due to ease of removal, sufficient concentration in the 
applied area, and low systemic side effect. This promotes wound healing. The ointment ingredients, wool fat, and cecostearyl 
alcohol provide thickness and stabilization of the ointment, while soft and hard paraffin prevents the skin from drying.24

Figure 7 Percent wound contraction induced by crude extract on burn wound.

Table 7 Effect of Crude Extract on Burn Wound

Days of Wound Area Wound Area (mm2) ±SEM) Measurement

SO 0.2% Nitrofurazone 5%CEO 10%CEO

Day 2 282.83±2.79 264.67±3.70a,* 272.67±4.05 264.83±4.79a,*

Day 4 254.67±4.83 232.00±4.12a,** 237.00±1.98a,* 227.67±5.36a,**
Day 6 232.33±5.56 183.83±3.9a,***,b,* 206.83±2.39a,* 184.00±7.98a,***,b,*

Day 8 201.17±6.77 144.50±4.19a,***,b,** 169.67±3.84a,** 148.17±3.66a,***,b,*

Day 10 171.67±3.25 120.17±3.16a,***,b,* 134.50±2.05a,*** 119.83±2.82a,***,b,**
Day 12 143.17±2.75 90.67±4.22a,***,b,* 107.67±3.64a,*** 95.00±3.79a,***

Day 14 112.50±4.28 49.33±1.36a,*** 65.00±4.28a,*** 52.17±2.21a,***

Day 16 77.17±3.17 22.50±1.78a,*** 31.83±2.09a,*** 25.17±2.36a,***
Day 18 53.50±2.19 6.83±1.45a,*** 13.67±2.22a,*** 7.33±0.76a,***

Day 20 35.33±2.17 0.00±0.00a,*** 2.33±0.99a,*** 0.00±0.00a,***

Day 22 22.17±1.83 0.00±0.00a,*** 0.00±0.00a,*** 0.00±0.00a,***

Notes: Values are expressed as mean ± SEM (n = 6 mice in each group) and analyzed by one way ANOVA followed by Post Hoc Tukey’s test. 
aCompared to the negative control. bCompared to 5% ointment. *p < 0.05, **p < 0.01, ***p < 0.001. Initial wound area was 300mm2. 
Abbreviations: SO, simple ointment; CEO, crude extract ointment.
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Acute dermal toxicity test showed there were no signs of toxicity during the 14 days of monitoring and observation. 
Therefore, the S. Abyssinica root extract might be used safely as a topical application to treat wounds.

In this study, wound healing of crude extracts and solvent fractions on excision and burn wound models were assessed 
by the rate of wound contraction, period of epithelialization, and histopathological analysis, while tensile strength of the 
incision wound model. Rapid wound closure, a shorter time for a wound to heal, and wound breaking strength are all 
factors that contribute to adequate and timely wound healing.42

The decreased period of epithelialization, increased percentage of wound contraction, increase tensile strength, more 
collagen, fibroblast, new blood cells and low level of inflammatory cells by crude extracts might be associated with the 

Table 8 Methanol Crude Extract Effect on Period of Epithelialization 
of Burn Wound

Treatment Group Period of Epithelialization

5% w/w CEO 20.33±0.42a,***

10% w/w CEO 19.33±0.21a,***

Nitrofurazone 19.17±0.17a,***

SO 24.50±0.43

Notes: Values are expressed as mean ± SEM (n = 6 mice in each group) and analyzed by one 
way ANOVA followed by Post Hoc Tukey’s test. aCompared to 5% ointment. ***p < 0.001. 
Abbreviations: SO, simple ointment; CEO, crude extract ointment.

Day 2  Day 14                      Day 20

SO                    

NF                   

10%w/w CEO 

5% w/w CEO   

Figure 8 Wound area of burn wound on day 2, 14, and 20.
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individual or additive effect of bioactive constituents or secondary metabolites including, alkaloids, terpenoids, steroids, 
flavonoids, saponins, and phenols present in plant extract, which are obviously promoting wound healing.

Terpenoids facilitate wound healing and decrease the period of epithelialization due to their astringent, antimicrobial 
effect by disrupting bacterial membranes, antioxidant activity by preventing DNA damage, lipid peroxidation, and 
inactivation of free-radical scavenging enzymes caused by free radicals.43 Alkaloids have wound healing activity of their 
antibacterial and anti-inflammatory effect by blocking the synthesis of inflammatory mediators such as prostaglandins 
from arachidonic acid.34 The lowering of the synthesis of inflammatory mediators facilitates the wound phase enter into 
the maturation phase and the wound healed rapidly. The anti-inflammatory, free radical scavenging activity thus prevents 
cell damage, enhances cellular vascularity which decreases cell death and antimicrobial activity of flavonoids are 
important effect that promotes wound healing and shortens the period of epithelialization.1,32 The wound-healing effect 
of steroids and phenolic compounds could be due to their antimicrobial and anti-inflammatory activity.44

The fast wound contraction in excision and burn wound models by the extract could be related to greater collagen 
fibers, fibroblasts, and capillary blood cells as indicated by histological investigation. The fibroblasts are activated and 

H

E F

G

Figure 9 Photograph of histological section on burn wound tissues treated by crude extract.

Table 9 Histopathological Qualitative Determination of Wound Healing Processes of Crude Extract 
on Burn Wound

Wound Model SO NF 5% w/w CEO 10% w/w CEO

Burn wound of crude extracts CD + ++ ++ ++

MNC +++ – + +

NV – ++ ++ ++

PMN ++ – + –

FB + +++ ++ ++

Notes: (+) low concentration, (++) moderate concentration, and (+++) high concentration. 
Abbreviations: MNC, mononuclear cells; CD, collagen depositions; PMN, polymorph nuclear cells; NV, neovascularization; FP, 
fibroblast proliferation; NF, nitrofurazone; CEO, crude extract ointment; SO, simple ointment.
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Table 10 Stephania Abyssinica Root Extract Solvent Fractions Effect on Excision Wound

Wound Areas (mm2) (Mean ± SEM) (% Contraction)

Day Aqueous Hexane Ethyl Acetate Nitrofurazone Simple 
Ointment

5% w/w 10% w/w 5% w/w 10% w/w 5% w/w 10% w/w

2 272.83±2.36  

(9.06%)

266.50±3.4 

(11.17%)a,**,b,**

281.83±1.89  

(6.06%)

278.50±2.62  

(7.17%)

274.83±3.68  

(8.39%)

268.83±1.7 

(10.39%)a,*,b,*

265.00±2.22 

(11.67%)a,**,b,**,c,*

281.67±1.23  

(6.11%)

4 235.50±2.57 

(21.5%)1,**

228.00±1.77 

(24.00%)a,***,b,**,c,*

246.83±3.33  

(17.72%)

243.67±5.37  

(18.78%)

239.33±2.80  

(20.22%)

233.17±1.56 

(22.28%)a,**,b,*

229.50±2.90 

(23.5%)a,***,2,**,c,*

252.83±2.66  

(15.72%)

6 172.83±3.44 

(42.39%)a,***,b,*

164.33±7.43 

(45.22%)a,***,b,***,c,*

202.83±3.78  

(32.39%)

190.00±8.23  

(36.67%)

180.00±6.35 

(40.00%)a,*

170.83±3.63 

(43.06%)a,***,b,**

164.83±3.06 

(45.06%)a,***,b,***,c,*

209.00±3.90  

(30.33%)

8 131.67±3.33 

(56.11%)a,***,b,**

120.50±5.41 

(59.83%)a,***,b,***,c,**,d,**

158.17±3.02  

(47.28%)

147.83±2.54 

(50.72%)a,*

146.67±6.01 

(51.11%)a,*

130.17±5.31 

(56.61%)a,***,b,**

123.50±5.29 

(58.83%)a,***,b,***,c,**,d,*

174.67±3.34  

(41.78%)

10 91.67±3.48 

(69.44%)a,***,b,**

84.67±2.20 

(71.78%)a,***,b,***,c,**,d,**

115.17±7.58  

(61.61%)

108.00±1.81 

(64.00%)a,*

110.50±4.41 

(63.16%)a,*

90.17±3.54 

(69.94%)a,***,b,**,c,a*

84.67±1.86 

(71.78%)a,***,b,***,c,**,d,*

131.50±3.15  

(56.17%)

12 35.17±1.17 

(88.28%)a,***,b,**

29.50±1.98 

(90.17%)a,***,b,***,c,**,d,*

47.00±4.64  

(84.33%)

40.83±2.54 

(86.39%)a,**

40.50±1.54 

(86.50%)a,**

35.33±1.84 

(88.22%)a,***,b,***

28.17±1.85 

(90.61%)a,***,b,***,c,**,d,**

68.33±1.96  

(77.22%)

14 9.17±3.00 

(96.94%)a,***,b,**

2.17±1.08 

(99.28%)a,***,b,***,c,**,d,**

26.33±3.77 

(91.22%)a,*

19.67±3.20 

(93.44%)a,**

21.50±3.92  

(92.83%)a,**

4.33±1.28 

(98.56%)a,***,b,***,c,**

1.83±0.83 

(99.39%)a,***,b,***,c,**,d,**

39.17±3.15  

(86.94%)

16 3.17±1.56 

(98.94%)a,***,b,**

0.00±0.00 

(100.00%)a,***,b,***,c,**,d,**

16.50±2.57  

(94.50%)

10.83±2.77 

(96.39%),**

10.33±2.61  

(96.56%)a,***

0.00±0.00 

(100.00%)a,***,b,***,c,**

0.00±0.00 

(100.00%)a,***,b,***,c,**,d,**

25.17±2.70  

(91.61%)

Notes: The data are expressed as mean ± SEM. n = 6 mice in each group. aCompared with simple ointment. bCompared with HF 5% (w/w). cCompared with HF 10% (w/w) ointment.dCompared with EAF 5% (w/w). *P < 0.05; **p < 0.01; 
***p < 0.001. 
Abbreviations: HF, hexane fraction; EAF, ethyl acetate fraction.
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differentiated to myofibroblasts which regulate the formation and growth of other cells and new epithelial tissue over the 
wound area. The myofibroblast increases the pulling force between the cells on the opposite side of the wound which 
increases the rate of wound contraction. Neovascularization is necessary to promote wound healing by supplying oxygen 

5% w/w AQF                     10%w/w AQF          5%w/w HF                10%w/w HF            

Day 10 

Day 16  

5%w/w EAF              10%w/w EAF     SO                               NF

Day 10   

Day 16   

Figure 10 Wound area of solvent fractions and the control groups at day 10 and 16.

Table 11 Effect of Solvent Fractions on Period of Epithelialization

Treatment Group Period of Epithelialization (Days) % Decrease PE

SO 20.33±0.42 ——–

5%AQF 16.00±0.5a,***,b,** 21.30%
10%AQF 15.17±0.40a,***,b,***,c,**,d,* 25.38%

5%HF 18.50±0.56 9.00%

10%HF 17.67±0.50a,** 13.08%
10%EAF 15.50 ±0.22a,***,b,***,c,*,d,* 23.76%

5%EAF 17.50±0.34a,** 13.92%

NF 15.00±0.45a,***,b,***,c,**,d,** 26.22%

Notes: The data are expressed as mean ± SEM; n = 6 mice in each group. aCompared with simple ointment. bCompared with HF 
5% (w/w). cCompared with HF 10% (w/w) ointment. dCompared with EAF 5%(w/w). *p < 0.05. **p < 0.01. ***p < 0.001. 
Abbreviations: AQF, aqueous fraction; EAF, ethyl acetate fraction; HF, hexane fraction; NF, nitrofurazone; SO, simple ointment.
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to the wound site, which is essential for cell metabolism, particularly the synthesis of energy and necessary nutrients 
required for wound repair.45

The parameter used to assess the effect of crude extract on the incision wound model is tensile strength. Tensile 
strength measures the resistance of breakage of repaired tissue against tension, as well as evaluates how good the mended 
tissue is.46 This increased resistance to breaking could be related to the synthesis of collagen by fibroblast at the wound 
site. S. Abyssinica root crude extract’s increased tensile strength might be due to collagen synthesis and stabilization 
achieved by plant extract.47

Period of epithelialization was another parameter to assess the wound healing activity of S. Abyssinica root on 
excision and burn wound models. The significantly decreased period of epithelialization on these models by crude 
extracts might be related to keratinocyte proliferating and migration across the wound area. Wound contraction decreases 
the distance of epithelial cells to migrate toward each other, thus decreasing the period of epithelialization.1

From a previous study, the 80% methanol root extract of the study plant had antibacterial and antioxidant activity.16,17 

The wound healing activity of the study plant might be enhanced by the antibacterial and antioxidant activity of the plant.
The plant antioxidant activity scavenges free radicals, preventing damage to cellular membrane lipids, enzymes, 

proteins, and nucleic acids of the healing wound, therefore promoting the wound healing process.48 Higher wound 
contraction, a shorter period of epithelialization, and an increase in resistance to breakage of the repaired tissue against 
tension were observed in crude extract-treated groups, which could be associated with the plant antioxidant effect.16

Antibacterial activity of 80% methanol extract of S. Abyssinica root was found in a previous study on Staphylococcus 
aureus,17 this antimicrobial activity cleans the wound from infection and cellular debris. Bacterial infection and endotoxins 
boost proinflammatory cytokines (interleukin-1 and TNF-α). The inflammatory phase is prolonged when bacteria and 
bacterial endotoxins are present. If this phase is prolonged, the wound will become chronic and fail to heal.49 The 
antimicrobial activity of S. Abyssinica root could be related to a reduction in bacterial endotoxin load around the wound 
area, which improved fibroblast and epithelial cell proliferative activity, thus decreasing the epithelialization period.34

The solvent fractions had a different wound healing activity measured by the period of epithelialization, histopatho-
logical analysis, and wound contraction. Aqueous fractions showed better wound contraction, a shorter period of 
epithelialization, lower inflammatory cells, more collagen fibers, and fibroblast and blood capillaries as compared to 
simple ointment and hexane fractions. These effects of AQF might be due to the presence of more secondary metabolites 
or most of the bioactive components are water-soluble. These bioactive constituents enhance wound healing by their anti- 
inflammatory, astringent, antibacterial, and antioxidant activity. Furthermore, the presence of polar components in the 
aqueous portion causes the non-polar base ointment to release faster and more effectively. This release promotes the 
absorption of the AQF contents, resulting in a faster rate of wound healing and a shorter epithelialization period.44

The minimal wound contraction, longer period of epithelialization, more inflammatory cells, and low level of 
collagen, fibroblast, and new blood cell (angiogenesis) in the hexane fraction, possibly due to differences or low 
concentration of secondary metabolites or low amount of non-polar constituents present. Besides the slower release of 

Table 12 Histopathological Qualitative Determination of Wound Healing Processes of Solvent Fractions on Excision Wound Model

Excision Wound Model 
of Fraction Treated Groups

SO NF 5% w/w 
AQF

10% w/w 
AQF

5% w/w 
EAF

10% w/w 
EAF

5% w/w 
HF

10% w/w 
HF

CD – ++ + ++ + ++ + ++

MNC ++ – + + + + ++ +

NV + ++ ++ ++ + ++ + +

PMN ++ – + – + + + +

FB + +++ ++ +++ ++ ++ + ++

Notes: (+) low concentration, (++) moderate concentration, and (+++) high concentration. 
Abbreviations: MNC, mononuclear cells; CD, collagen depositions; PMN, polymorphonuclear cells; NV, neovascularization; FP, fibroblast proliferation; AQF, aqueous 
fraction; EAF, ethyl acetate fraction; HF, hexane fraction; NF, nitrofurazone; CEO, crude extract ointment; SO, simple ointment.
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its non-polar content from the non-polar ointment ingredients might be the reason for its minimal effect on wound 
healing.42

The wound healing activity of the 10% w/w ointments of all fractions was better than the wound healing of the 5% w/ 
w fractions, which could be related to a dose-dependent antibacterial, astringent, anti-inflammatory, antioxidant, collagen 
synthesis, fibroblast proliferation, and angiogenesis effect of secondary metabolites.

Conclusion
From the present study, the topical application of the limit test dose 2000 mg/kg of the 10% w/w 80% methanol crude 
extract of Stephania abyssinica root was safe. The crude extract of Stephania abyssinica root and the aqueous and ethyl 
acetate fraction activity by increasing wound contraction, had better wound healing tensile strength, and shortening 
period of epithelialization. In the aqueous fraction, wound contraction was higher and the epithelialization period was 
shorter than other two fractions.

Abbreviations
FGF, Fibroblast Growth Factor; MMPs, Matrix Metalloproteases; NO, Nitric Oxide; NSAIDs, Non-steroidal Anti- 
inflammatory Drugs; OECD, Organization for Economic Cooperation and Development; PDGF, Platelet-Derived 
Growth Factor; PGE2, Prostaglandin E2; ROS, Reactive Oxygen Species; TGF, Transforming Growth Factor; TGF- 
β1, Transfer Growth Factor β1; TNF-α, Tumor Necrosis Factor α; TS, Tensile Strength; VEGF, Vascular Endothelial 
Growth Factor.
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