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ABSTRACT

Background: Wounds are major problems of developing countries that can be managed alternatively using
traditional medicinal plants. Since majority of currently available drugs for wound management are expensive
and pose problems such as allergy and drug resistance, it is pivotal for the world to have intensified inquiries on
the claimed medicinal plants to come up with wound healing chemicals being affordable, effective and safe.
Ethiopian traditional healers recruit a wide range of medicinal plants with wound healing activities. Root bark
juice of Brucea antidysentrica, the leaves of Rhamnus prinoides and Dodonaea angustifolia are claimed among others
in the folklore medicine. Therefore, the aim of this study was to evaluate the in vivo wound healing activities of
the root bark juice of Brucea antidysentrica, the leaves of Rhamnus prinoides and Dodonaea angustifolia in mice.
Method: The root bark juice of Brucea antidysentrica, the leaves of Rhamnus prinoides and Dodonaea angustifolia
were collected, dried, ground to coarse powders. Then the crude extract was obtained by macerating with 80%
methanol. The filtrate was dried, reconstituted in appropriate solvent and the wound healing activity was eval-
uated using excision and incision wound models.

Results: On the last day of treatment, 80% methanol extracts from the selected medicinal plants showed a sig-
nificant wound healing activity against control as supported by an increase in % wound contraction and a
decrease in Epithelialization period. Ten percent of Rhamnus prinoides showed significant wound contraction
against the control (P < 0.05) on days 2 and 4. But on day 6; except 5% extracts of Brucea antidysentrica and
Rhamnus prinoides; all doses of extracts contracted the wound significantly (P < 0.05). Extracts of Dodonea
angustifolia (5% & 10%) and 10% of Rhamnus prinoides and Brucea antidysentrica increases wound contraction rate
with increasing significant level on days 8 & 10 (P < 0.01) and 12 &14 (P < 0.001). Among the extracts, 10% of
Dodonea angustifolia showed maximum percent (99.9%; P < 0.001) of wound contraction followed by 5%
Dodonea angustifolia (99.15%; P < 0.001) and 10% Rhamnus prinoides (99.00%; P < 0.001) on the last day of
treatment. In addition; significantly shorter healing time was attained by 5% &10% leaves of Dodonea angusti-
folia (P < 0.01), 10% leaves Rhamnus prinoides & root barks Brucea antidysentrica (P < 0.05). Ten percent of
Rhamnus prinoides & Brucea antidysentrica (P < 0.05) and both doses (5% & 10%) of Dodonea angustifolia (P <
0.01) significantly increased the tensile strength by 54.10%, 56.58%, 63.04%, and 79.19%, respectively against
the control.

Conclusion: The 80% methanol crude extracts of the study plants support the traditional claims for healing of
wounds as evidenced by an increase in wound contraction rate and tensile strength, decrease in Epithelialization
period.

1. Introduction

connection of living tissues that result in a breach, contravention or
interrupting of tissue integrity [2, 3, 4, 5, 6, 7, 8]. These in turn have an

Wound which might faced everyone in life time [1] can be described important impact on public health care systems and resource expenses
as “a loss or breaking of cellular, anatomical and/or functional [9].
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Based on different criterion; etiology, location, type of injury or
presenting symptoms, its depth, and tissue loss or clinical appearance
[10]; wounds could be injuries, cuts and bites, diabetic, gastric, and
duodenal ulcers [11].

According to the underlying cause of its formation; wound can be
open or closed [12] where the blood escapes the body and bleeding is
clearly visible or blood escapes the circulatory system but remains in the
body respectively [12, 13].

Another parameter to consider for wound classification is its physi-
ology or the time period required to be recovered [14]. Accordingly, the
tissue injury caused by cuts or surgical incisions in acute wound is going
on through orderly and timely reparative process, results in sustained
restoration of anatomic and functional integrity and the healing process
has been completed within the predictable time frame [15]. If this
orderly and timely reparative process of healing is failed and goes to a
state of pathologic inflammation; the wound is considered as chronic
[16]. In this type of wound, healing process is delayed, incomplete, and
does not proceed in a coordinated manner, resulting in poor anatomic
and functional integrity over 3 months [17]. Despite vacant epidemio-
logical profile of chronic wound, identifying and treating its underlying
etiology is crucial to successful treatment [18, 19]. Currently about 6
million peoples are estimated to be affected by chronic wounds world-
wide [15] and the percentage of the healthcare cost is high [20].

Wound is formed due to physical, chemical, thermal, microbial, or
immunological factors [1, 7, 21] and its healing process might be com-
plex, dynamic, and normal biological process [2, 9, 22] which entails
efficient management skills [23]. Wound healing process occurs in a
persistent & integrated manner [1] and this process involves four
temporarily and spatially overlapping phases named as hemostasis,
inflammation, proliferation, and remodeling [7, 9, 22, 24, 25]. These
phases should be well controlled in order for proper wound healing
process [26]. People around the world possess unique knowledge of plant
resources [27] where the trends in the use of these resources is on the
increase in many countries [28] to meet their primary health care needs
[29]. In Ethiopia, the use of traditional medicinal preparation is common
[30] due to cultural acceptability, low cost, and inadequate access to
modern health facilities [31]. In addition, different types of medicinal
plants [3, 9, 32, 33, 34, 35, 36, 37, 38] and others are used to manage
wounds. Among these medicinal plants root bark of Brucea antidysentrica,
leaves of Rhamnus prinoides, and Dodonaea angustifolia are highly claimed
even though their in vivo wound healing activity is not reported: a
driving force to conduct this study using both incision and excision
wound models.

2. Methods
2.1. Plant materials collection

Leaves of Rhamnus prinoides and Dodonaea angustifolia and root barks
of Brucea antidysentrica were collected from East Gojjam Zone, Amhara
regional state, Ethiopia and authenticated by a taxonomist at the national
herbarium unit of Ethiopian public health institute, Addis Ababa,
Ethiopia which then deposited with a voucher specimen (number ZT-
002, ZT-003, and ZT-004 respectively).

2.2. Experimental animals

Healthy, adult Swiss albino mice of both sex (25+5g weight and
6-8 weeks of age) were attained from Ethiopian public health insti-
tute, Addis Ababa, Ethiopia and they were bred at College of health
sciences, university of Gondar. They were kept in cages under stan-
dard conditions (25 + 2 °C, 55 + 5% relative humidity, and 12 h
light and dark cycles) and provided with pellet diet and water ad
libitum. Before the actual experiment, they were acclimatized to the
laboratory conditions for a week. Handling and care of animals were
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secured during the experiment as per the international laboratory
animal use and care guidelines. At the end of the experiment, they
were scarified using high dose of anesthesia [39]. The experiment
was conducted following ethical approval by the Ethical Review
Committee of Health sciences college, Debre Markos University, for
the use of animals for the experiment (ref no. 1354/2018).

2.3. Preparation of experimental plant materials

Using maceration extraction technique, course powdered leaves (300
gm) and root barks (300 gm) of the experimental plant materials were
soaked in 80 % (V/V) methanol for at least 3 days in a conical flask
separately with frequent agitation and then followed by strain and
filtration of each of the mixtures. The marc was re-macerated to increase
the yield. The three successive filtrates were combined, concentrated by
Rota vapor at 40 °C to eliminate the alcoholic solvent, deep-frozen in a
refrigerator at -20 °C, dried using drying oven at 40 °C, and stored in a
refrigerator till used for the experimental [5].

2.4. Ointment formulation

Simple ointments of the hydroalcoholic extracts of the experimental
plant materials were prepared following the formula (Table 1) described
in the British Pharmacopoeia [40].

Different doses (5% and 10% w/w) of medicated ointments from each
of the experimental plant materials and simple ointments were formu-
lated. Ingredients of the ointment base were mixed, heated gently with
stirring to achieve homogeneity, and then stirring is continued until it
cooled [41].

2.5. Grouping and dosing of experimental animals

For the excision model, 8 groups of mice; six animals per group were
used. Animals in group 1 & 2 were treated with Nitrofurazone (0.2 %)
and simple ointment to serve as a positive & a negative control respec-
tively. Animals from group 3 to 8 were treated with different doses (5%
and 10% w/w) of the hydroalcoholic ointments prepared from experi-
mental plant extracts. For the incision model, 9 groups of mice; having six
mice per group were used. Here the 9 group was added as compared to
the excision model because, in the incision model, one more group which
was left untreated was required to compare the tensile strength due to
simple ointment. The animals under group 1 to 8 were treated similar to
excision model, and the oth group was left untreated and served as un-
treated controls.

2.6. Determination of wound healing activity

2.6.1. Excision wound model

As per the excision wound model, wound site was made by
anesthetized the experimental animals. The surgical processes were
done under sterile conditions by utilizing ketamine (80 mg/kg) plus
diazepam (5 mg/kg i. p) and a full-thickness of circular excision
wound measuring 314 mm? and 2mm depth was prepared on the
shaved dorsal thoracic region. The dose of ketamine and diazepam
was selected at the indicated range due to the limited cardiovascular
effects including minimal hypotension and better anesthetics effect
during the actual experiment. Then both medicated and simple oint-
ments were applied topically on daily bases as described under
grouping and dosing section. Wounding day was considering as day 0.
Wound closure to the wounded area and its period of epithelialization
were observed at 2, 4, 6, 8, 10, 12, and 14t days of post wound
[42]. The percentage of wound contraction effect of the extracts was
calculated (Taking the initial size of wound i.e. 314mm? as 100 %)
using equation [1] as follow [43, 44].
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Wound area on day0— Wound area on day n X 100

% Wound contraction =
¢ Yround corfraction Wound area on day0

2.6.2. Linear incision wound model

After preparation of the mice in the same fashion to excision wound
model, their dorsal fur was thieved and a 3 cm long longitudinal para-
vertebral incision wound was created and sutured 1 cm apart using a
surgical thread (no. 000) & curved needle (no. 11). To achieve better
wound closure, the thread was tightened continuously on both wound
edges. After 24 h of wound creation (on 1 day), a topical formulation of
simple ointment, extract ointments, and standard drug were applied daily
on wounded animals according to the grouping and dosing section for 9
days. The sutures were removed on day 8 post-incision and tensile
strength was measured and calculated (Egs. (2), (3), and (4)) on the 10t
post-wounding day using the continuous water flow technique [45] as
shown below [46] in Figure 1.

TS extract — TS vehicle

Tensile strength (TS) of extract (%) = TS vehicle x100  (2)
v

TS ref — Ts vehicl
Tensile strength (TS) of reference (%) = re ere;};evehicslze e x100
3

TS simple ointment — Ts L.U

Tensile strength (TS) of simple ointment (%) = TSLU

where L.U = left untreated groups.

2.7. Phytochemical screening

The hydroalcoholic extracts of the leaves of Rhamnus prinoides and
Dodonaea angustifolia, and root barks of Brucea antidysentrica were
screened for the presence of secondary metabolites like alkaloids, sapo-
nins, flavonoids, terpenoids, phenols, and tannins according to standard
tests described [47, 48, 49, 50]. The specific tests for the phytochemicals
were done as follows.
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2.7.1. Test for alkaloids (Wagner's test)

Ten mg of each of the crude extracts were dissolved in 1ml of
distilling water. With this solution three drops of Wagner's reagent was
added. The presence of alkaloids was confirmed by the formation of a
reddish-brown colored solution.

2.7.2. Tannins test (Lead acetate and ferric chloride test)

For the lead acetate test, 0.1 gm of each of the extracts was dis-
solved in 2ml of distilling water. Then 1ml of each of the solutions
was taken and 0.5 ml of 1% lead acetate was added to it. Formation
of yellowish precipitate was observed for the presence of tannins.
For the ferric chloride test, 0.5 ml of 5% ferric chloride solution was
added to the same solution used for the lead acetate test, and the
development of dark bluish or black color was observed for the
presence of tannins.

2.7.3. Test for Triterpenoid

The dry crude plant extracts of each of the preparations (10mg) were
dissolved in 2ml chloroform and then 1 mL acetic anhydride was added
to each of the solutions. Then 1mL concentrated sulphuric acid was

x100 @

Table 1. The formula used for the preparation of the ointment.

Ingredients MF RF
Wool fat 50 g 10g
Hard paraffin 50 g 10g
Cecostearyl alcohol 50 g 10g
White soft paraffin 850 g 170 g
1000 g 200 g

MF, Master formula; RF, reduced formula.

A B

Figure 1. Incised mice (A) and continuous water flow method for determination of tensile strength (B &C).
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Figure 2. Excision wound immediately after wounding and healing progress after application of the hydroalcoholic medicated extracts: A = Immediately after
excision; B=Simple ointment, C = 10% w/w Brucea antidysentrica; D = 5% w/w Dodonaea angustifolia; E = 10% w/w Rhamnus Prinoides; F = 10% w/w Dodonaea

angustifolia; G = Standard (0.2% Nitrofurazone ointment).

Table 3. Effect of topical application of 80 % hydroalcoholic extracts of the of leaves of Dodonaea angustifolia, Rhamnus prinoides and root barks of Brucea antidysentrica

on breaking strength of an incision wound model on day 10 of wound creation.

Dose Breaking strength (g) % Tensile strength
LU 131.04 +2.25 -

SO (control) 161.0 + 9.2 12.86

5% w/w DA 262.5 + 34.4*2 " 3 63.04

10% w/w DA 288.5 +19.8*2 + 3 79.19

5% w/w RP 241.9 +£10.973 50.25

10% w/w RP 252.1 £18.6*1 13 56.58

5% w/w BA 234.3+9.973 45.52

10% w/w BA 248.1 +18.6*1 * 3 54.10

0.2%NF 310.6 + 4.924*3 * 3 92.92

Values are expressed as mean + SEM (n = 6 animals in each group) and analyzed by one-way ANOVA followed by Tuckey post hoc test; tensile strength was measured on
the 10th post-wounding day using continuous water flow technique; SO = simple ointment base; LU = left untreated control; DA = Dodonaea angustifolia; RP = Rhamnus
prinoides; BA = Brucea antidysentrica, NF = nitrofurazone ointment, *: compared against the control, +: compared against left untreated 1p < 0.05; 2p < 0.01; 3p <

0.001.

residues of 52.3 and 41.7 and 36.4 g were gained making the yields
17.43%, 13.9%, and 12.13% respectively.

3.2. Wound-healing effect of the extracts

3.2.1. Excision wound model
As depicted in Table 2, 10% medicated formulations of Rhamnus
prinoides showed significant wound contraction against the control (P <

0.05) on days 2 and 4. On day 6, all doses of medicated extracts except
5% w/w extracts of Brucea antidysentrica and Rhamnus prinoides con-
tracted the wound significantly (P < 0.05). Both doses (5% &10% w/w)
of Dodonaea angustifolia and 10% of Rhamnus prinoides as well as Brucea
antidysentrica increases percentage of wound contraction with an
increasing significant level on days 8 &10 (P < 0.01) and 12 &14 (P <
0.001). All doses of the extracts were comparably effective (P < 0.05)
against the simple ointment on days 12 and 14. On the other hand, 5% w/

Table 4. Results of phytochemical screening of the hydroalcoholic extracts of leaves of Dodonaea angustifolia, Rhamnus prinoides and root barks of Brucea antidysentrica

Test used Phytochemical screening test results from the hydroalcoholic extracts
Phytochemicals 5% DA 10% DA S%RP 10%RP S%BA 10%BA
Alkaloids Mayer's and Wagner's test 45 AF aF + aF aF
Tannins Braymer's Test 4F <F + 4= 4F +
Terpenoids = aF aF + + aF 4F
Flavonoids Alkaline reagent test 4 4 4 + + 4+
Saponins foam test 4F <F + 4F = —
Phenols Ferric chloride test + + 4 e 4 +

Note: (+) indicates the presence and (—) indicates the absence of particular metabolites.

DA = Dodonaea angustifolia; RP = Rhamnus prinoides; BA = Brucea antidysentrica
Unit of Concentration = w/w.
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w Rhamnus prinoides showed a significant wound contraction effect on
12% and 14t days (P < 0.01 and P < 0.001, respectively). On the same
day, similar dose of Brucea antidysentrica contracted the wound with
different significant level (P < 0.05 and P < 0.001, respectively). On the
last day of treatment, 10% medicated formulation of Dodonaea angusti-
folia showed greatest percent (99.9%; P < 0.001) of wound contraction
followed by 5% w/w Dodonaea angustifolia (99.15%; P < 0.001) and 10%
w/w Rhamnus prinoides (99.00%; P < 0.001). The data from (Table 2)
confirmed that considerably shorter healing time was recorded by 5%
&10% w/w of Dodonaea angustifolia (P < 0.01) and 10% w/w Rhamnus
prinoides & Brucea antidysentrica (P < 0.05) against the control. The
healing time due to 5% w/w Rhamnus prinoides & Brucea antidysentrica
was not significant (Figure 2).

3.2.2. Incision wound model

As shown in Table 3, the hydroalcoholic extracts were effective in
increasing the breaking strength of the healing wound. Ten percent of
Rhamnus prinoides & Brucea antidysentrica (P < 0.05) and 5%&10% (w/
w/) of Dodonaea angustifolia (P < 0.01) increased the tensile strength
significantly by 54.10%, 56.58%, 63.04%, and 79.19%, respectively.
Comparing with the animals remain untreated, all medicated prepara-
tions had a greater increasing effect on the tensile strength (P < 0.001).

3.3. Phytochemical screening

Phytochemical screening of leaves of Dodonaea angustifolia, Rhamnus
prinoides, and root barks of Brucea antidysentrica was done to qualitatively
identify the presence or absence of secondary metabolites and the results
showed the presence of various secondary metabolites as publicized
below (Table 4).

3.4. Acute oral toxicity study

The results of the oral acute toxicity study revealed that all tested
extracts of the medicinal plants were appeared safe to the dose of 2000
mg/kg as none of the mice was died and even did not show any sign of
toxicity to the final date of the experiment. Therefore, the Lethal Dose
50% (LD50%) of both leaves of Dodonaea angustifolia and Rhamnus pri-
noides and root barks of Brucea antidysentrica are greater than 2000 mg/
kg.

4. Discussion

Peoples of the world utilized numerous plants and/or their de-
rivatives as wound-healing agents despite proven evidence of their safety
and effectiveness were under question [11]. All the wound-healing
phases cannot be halted using conventional wound healing agents,
indicating the necessity of developing newly proven effective and safe
wound-healing drugs. Fast wound contraction, shorter epithelization
period, and satisfactory improvement of breaking strength characterized
rapid wound -healing process. Biochemical markers including tissue
DNA, RNA, total protein, and hydroxyproline are of good quality of drugs
for enhanced healing [52, 53].

In the excision wound model, the topical application of the hydro-
alcoholic extracts resulted in an enhanced wound reduction rate and this
may be attributed to better wound healing progression and noticeable
wound margin hydration due to tissue regeneration. On the last day of
treatment, the percentage closure of all extracts was fallen between
97.7%-99.9% while the group treated with simple ointment was 89.9%.
Wound contraction that contributes to wound closure is articulated as a
reduction in the percentage of original wound size [21].

Wound contraction role is crucial as it decreases wound dimension
and increases amount of extracellular matrix required to repair the
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defect cell and assists re-epithelization [3]. The wound reduction ef-
fect of the extracts here may be due to inhibition of microbial growth
particularly in the inflammatory phase, their mitogenic activity which
enhances motility of the fibroblast and its cellular proliferation as well
as subsequential conversion to myofibroblasts through the healing
process mainly being dermal [21]. Fibroblasts stimulation is one of the
mechanisms of plant extracts to assist wound healing owing to their
migration from the wound edge to its site, proliferation, and conse-
quently formation of collagen; the main constituent of extracellular
matrix [54].

In this study, animals treated with all medicated crude extracts
except those treated with 5% Rhamnus prinoides and Brucea anti-
dysentrica significantly shortened an essential component of wound
healing; the period of epithelization [53]. As this essential element
proceeds, different biochemical processes are conducted and this
attributed to the momentous effect of the extracts (88). This signifi-
cant effect of extracts on the period of epithelization proved their
potential healing activity.

Furthermore; the considerable effect of the extracts on the tensile
strength that revealed their wound-healing activity may be due to
collagen synthesis, its maturation, angiogenesis, and stabilization of fi-
bers where all these cumulative effect improves circulation, thus
providing oxygen and nutrients, essential for the healing process of the
wound site [55, 56].

Phytochemical screening test of plant material extracts revealed the
presence of various secondary metabolites including alkaloids, saponins,
tannins, flavonoids, phenols, and terpenoids with the exception that root
bark of Brucea antidysentrica lacks saponins.

These biologically active compounds are directly accountable for
antioxidant, antimicrobial, antifungal, and anticancer activities [57].
Tannins for example encourage wound healing process by chelating of
free radical or reactive oxygen species, shrinking of proteins, promoting
wound contraction, increasing capillary vessels and fibroblasts forma-
tion [58, 59]. Besides; phenolic compounds act as antimicrobials, an-
tioxidants, and anti-inflammatory [60]. Restrain the reactive species
produced by phagocytic cells is also important in wound healing pro-
cess [61].

Another metabolites termed as flavonoids reduce lipid peroxida-
tion by preventing or slowing the onset of cell necrosis and
improving vascularity which in turn increases the viability of
collagen fibrils by increasing the circulation, preventing cell damage,
and promoting DNA synthesis. These compounds and Triterpenoids
are also promote the wound-healing process mainly due to their anti-
microbial and antioxidant ability, which seems to be responsible for
wound contraction and increased rate of epithelialization period
[62]. As reported by another study; certain flavonoids hold back
enzymes such as phospholipaseA2 and have astringent effects playing
an important role in wound contraction and rate of epithelialization
[63, 64, 65]. The relationship between antibacterial activity to ste-
roids, anti-inflammatory activity to saponins, and anti-bacterial and
anti-analgesic activities to alkaloids is also reported by Kumar Bargah
where all these metabolites attributed to fast wound contraction and
shorter epithelialization period [66].

According to the results from the acute oral toxicity test, the median
lethal doses (LD50) were greater than >2000 mg/kg for both leaves and
the root bark extracts. Generally, the [67] guideline recommends the test
chemical to be categorized under experimentally safe substance for use if
the LD50 value of the test chemical is more than 3 times the minimum
effective dose. Since the hydroalcoholic extract of the leaves and the root
bark had an LD50 value of more than the recommended dose (100
mg/kg), it was taken as a good candidate for further studies. Based on the
LD50 value, (LD50 > 2000 mg/kg) both extracts can be designated as
“unlikely to be hazardous" [68].
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5. Conclusion and recommendations

The present study indicated that the hydroalcoholic extracts of the
leaves of Dodonaea angustifolia, Rhamnus prinoides, and root bark of Brucea
antidysentrica possess wound healing activity established by a significant
rate of wound contraction and shorter epithelization period that may be
due to the presence of biologically active secondary metabolites acting as
either individually or collectively to bring about the overall effect. These
findings provide scientific support for the folkloric repute of the leaves of
Dodonaea angustifolia, Rhamnus prinoides, and root bark of Brucea anti-
dysentrica as a wound-healing agent. Therefore, based on the results of

this study, the authors would like to forward the following
recommendations.
e Performing wound healing activity tests with various solvent
fractions.
e Carrying out in vitro tests for the wound healing activity of the crude
extract and its fractions.
e Performing out a quantitative phytochemical study to quantify the

active components against wounds from the plant.
e Carrying out chronic toxicity studies of the extract in animal models.

Declarations
Author contribution statement

Z. Tessema: Conceived and designed the experiments; Performed the
experiments, Wrote the paper.
Y. Molla: Analyzed and interpreted the data; Wrote the paper.

Funding statement

This work was supported by Debre Markos University.

Data availability statement

Data will be made available on request.

Declaration of interests statement

The authors declare no conflict of interest.

Additional information
No additional information is available for this paper.

References

[1] M. Majumdar, Evaluation of Tectona Grandis Leaves for Healing Activities,
Department of pharmacology, KCP, Bangalore, 2005. MSc thesis.

[2] V. Kumar, A.K. Ahmed, K. Nagarajan, Animal models for the evaluation of wound
healing activity, Int. Bulletin Drug Res. 3 (5) (2013) 93-107.

[3] A. Mulisa, E. Engidawork, Evaluation of wound healing and anti-inflammatory
activity of the rhizomes of Rumex abyssinicus J. (Polygonaceae) in mice, BMC
Compl. Alternative Med. 15 (2015) 341.

[4] R. Raina, S. Prawez, P.K. Verma, N.K. Pankaj, Medicinal plants and their role in
wound healing, Online Vet. J. 3 (1) (2008) 1-25.

[5] S.O. Udegbunam, R.O. Kene, S.M. Anika, R.I. Udegbunam, T.O. Nnaji,

M.U. Anyanwu, Evaluation of wound healing potential of methanolic Crinum jagus
bulb extract, J. Intercult. Ethnopharmacol. 4 (3) (2015) 194.

[6] S.Murthy, M.K. Gautam, S. Goel, V. Purohit, H. Sharma, R.K. Goel, Evaluation of In
vivo wound healing activity of Bacopa monniera on different wound model in rats,
BioMed Res. Int. (2013) 1-9.

[7] L Hussain, S. Bilal, S.A. Bhat, S.P. Ahmad, V. Tripathi, J. Parrah, A.B. Abidi, Wound

healing parameters at different time intervals in excision wounds of rabbit, J. Vet.

Adv. 4 (5) (2014) 535-539.

M. Subalakshmi, A. Saranya, M. UmaMaheswari, A. Jarina, S. Kavimani, R. Murali,

An overview of the current methodologies used for the evaluation of drugs having

wound healing activity, Int. J. Exp. Pharma. 4 (2) (2014) 127-131.

[8

—

[91

[10]
[11]
[12]
[13]
[14]
[15]

[16]

[17]
[18]
[19]

[20]

[21]

[22]

[23]
[24]
[25]
[26]

[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Heliyon 7 (2021) 05901

A. Fikru, E. Makonnen, T. Eguale, A. Debella, M.G. Abie, Evaluation of in vivo
wound healing activity of methanol extract of Achyranthes aspera L,

J. Ethnopharmacol. 143 (2012) 469-474.

P.C. Udaya, K. Girija, K. Lakshman, N. Pruthvi, Evaluation of wound healing activity
of bark of bombax malabaricum, Int. J. Biol. Pharmaceut. Res. 1 (1) (2011) 50-55.
P. Sabale, B. Bhimani, C. Prajapati, V. Sabale, An overview of medicinal plants as
wound healers, J. Appl. Pharmaceut. Sci. 2 (11) (2012) 143-150.

G. Alam, M.S. Pratap, A. Singh, Wound healing potential of some medicinal plants,
Int. J. Pharmaceut. Sci. Rev. Res. 9 (1) (2011) 136-146.

M. Shrimanker, N. Patel, H. Modi, R. Dave, Screening models for wound healing
activity in animals: a review, Am. J. Pharm. Tech Res. 3 (3) (2013) 238-251.
F.R. Diegelmann, C.M. Evans, Wound healing: an overview of acute, fibrotic and
delayed healing, Front. Biosci. 9 (2004) 283-289.

N. Agyepong, C. Agyare, P.P. Ossei, Y.D. Boakye, Antioxidant and in vivo wound
healing activities of Clausena anisata, Eur. J. Med. Plants 10 (2015) 1-8.

H. Trostrup, T. Bjarnsholt, M. Kirketerp-Moller, N. Hoiby, N. Moser, What is new in
the understanding of non healing wounds epidemiology, pathophysiology, and
therapies, Ulcers (2013) 1-9.

N.B. Menke, K.R. Ward, T.M. Witten, D.G. Bonchev, R.F. Diegelmann, Impaired
wound healing, Clin. Dermatol. 25 (2007) 19-25.

F. Werdin, M. Tennenhaus, H. Schaller, H. Rennekampf, Evidence-based
management strategies for treatment of chronic wounds, J. Surg. 9 (2009) 169-176.
N. Graves, H. Zheng, The prevalence and incidence of chronic wounds: a literature
review, Wound Pract. Res. 22 (1) (2014) 4-19.

C.K. Sen, G.M. Gordillo, S. Roy, R. Kirsner, Human skin wounds: a major and
snowballing threat to public health and the economy, Wound Repair Regen. 17 (6)
(2009) 763-771.

R. Thakur, N. Jain, R. Pathak, S. Sandhu, Practices in wound healing studies of
plants, Evid. base Compl. Alternative Med. (2011) 1-18.

M. Mohsenikia, H. Nuraei, F. Karimi, N. Jamalnia, S. Ashkani, R.E. Shima,

Z. Azizian, A. Moradi, Comparing effects of Arnebia euchroma and alpha ointment
on wound healing process, Thrita 3 (4) (2014) 1-3.

T. Velnar, T. Bailey, V. smrkolj, The wound healing process: an overview of the
cellular and molecular mechanisms, J. Int. Med. Res. 37 (2009) 1528-1542.

G.R. Frykberg, J. Banks, Challenges in the treatment of chronic wounds, Adv.
Wound Care 4 (9) (2015) 560-582.

S. Ud-Din, A. Bayat, Electrical stimulation and cutaneous wound healing: a review
of clinical evidence, Healthcare 2 (2014) 445-467.

A. Gould, C. Naidoo, G.P. Candy, Arginine metabolism and wound healing, Wound
Heal. South. Afr. 1 (1) (2008) 48-50.

G. Bekele, R.P. Reddy, Ethnobotanical study of medicinal plants used to treat
human ailments by Guji Oromo tribes in Abaya district, Borana, Oromia, Ethiopia,
Univ. J. Plant Sci. 3 (1) (2015) 1-8.

Y. Limenih, S. Umer, M. Wolde-Mariam, Ethnobotanical study on traditional
medicinal plants in Dega Damot Woreda, Amhara region, north Ethiopia, Int. J. Res.
Pharm. Chem. 5 (2) (2015) 258-273.

World Health Organization- Regional Office for Africa, World health organization
regional office for Africa, Afr. Tradition. Med. day (2010), 31 august.

S. Getaneh, Z. Girma, An ethnobotanical study of medicinal plants in Debre Libanos
Wereda, central Ethiopia, Afr. J. Plant Sci. 8 (7) (2014) 366-379.

K.D. Kassaye, A. Amberbir, B. Getachew, Y. Mussema, A historical overview of
traditional medicine practices and policy in Ethiopia, Ethiop. J. Health Dev. 20 (2)
(2006) 127-134.

B. Taye, M. Giday, A. Animut, J. Seid, Antibacterial activities of selected medicinal
plants in traditional treatment of human wounds in Ethiopia, Asian Pac. J. Trop.
Biomed. 1 (5) (2011) 370-375.

M. Wubetu, G. Abula T Dejenu, Ethnopharmacologic survey of medicinal plants
used to treat human diseases by traditional medical practitioners in Dega Damot
district, Amhara, Northwestern Ethiopia, BMC Res. Notes 10 (2017) 157.

G. Gebeyehu, Z. Asfaw, A. Enyew, N. Raja, Ethnobotanical study of traditional
medicinal plants and their conservation status in Mecha Woreda, West Gojjam Zone
of Ethiopia, Int. J. Pharma. Health Care Res. 2 (3) (2014) 137-154.

T. Teklehaymanot, Ethnobotanical study of knowledge and medicinal plants
use by the people in Dek Island in Ethiopia, J. Ethnopharmacol. 124 (2009)
69-78.

M. Giday, T. Teklehaymanot, A. Animut, Y. Mekonnen, Medicinal plants of the
shinasha, agew-awi and Amhara peoples in northwest Ethiopia, J. Ethnopharmacol.
110 (2009) 516-525.

B. Abera, Medicinal plants used in traditional medicine in Jimma zone, Oromia,
south west Ethiopia, Ethiop. J. Health Sci. 13 (2) (2003) 85-93.

R. Regassa, Diversity and conservation status of some economically valued
indigenous medicinal plants in Hawassa College of Teacher Education Campus,
Southern Ethiopia, Int. J. Adv. Res. 1 (3) (2013) 308-328.

Institute for Laboratory Animal Research (ILAR), Guide for the Care and Use
Laboratory Animals, National Academy Press, Washington D.C, 1996.

British Pharmacopoeia, Department of Health and Social Security Scottish home
and Health Department, second ed., Office of the British Pharmacopoeia
commission, UK, 1988, p. 713.

H.C. Ansel, Introduction to Pharmaceutical Dosage Forms, fourth ed., Lea and
Febiger, Philadelphia, 1985, pp. 299-301.

D.D. Kokane, R.Y. More, M.B. Kale, M.N. Nehete, P.C. Mehendale, C.H. Gadgoli,
Evaluation of wound healing activity of root of Mimosa pudica, J. Ethnopharmacol.
124 (2009) 311-315.

G.N. Sharma, S.K. Dubey, N. Sati, J. Sanadya, Evaluation of wound healing activity
of aegle marmelos seed, Pharmacologyonline 2 (2011) 171-178.


http://refhub.elsevier.com/S2405-8440(21)00006-2/sref1
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref1
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref2
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref2
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref2
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref3
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref3
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref3
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref4
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref4
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref4
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref5
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref5
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref5
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref6
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref6
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref6
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref6
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref7
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref7
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref7
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref7
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref8
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref8
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref8
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref8
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref9
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref9
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref9
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref9
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref10
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref10
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref10
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref11
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref11
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref11
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref12
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref12
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref12
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref13
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref13
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref13
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref14
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref14
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref14
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref15
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref15
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref15
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref16
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref16
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref16
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref16
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref17
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref17
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref17
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref18
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref18
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref18
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref19
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref19
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref19
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref20
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref20
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref20
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref20
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref21
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref21
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref21
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref22
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref22
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref22
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref22
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref23
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref23
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref23
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref24
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref24
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref24
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref25
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref25
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref25
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref26
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref26
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref26
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref27
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref27
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref27
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref27
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref28
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref28
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref28
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref28
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref29
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref29
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref30
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref30
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref30
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref31
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref31
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref31
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref31
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref32
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref32
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref32
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref32
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref33
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref33
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref33
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref34
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref34
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref34
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref34
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref35
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref35
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref35
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref35
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref36
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref36
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref36
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref36
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref37
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref37
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref37
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref38
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref38
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref38
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref38
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref39
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref39
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref40
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref40
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref40
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref41
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref41
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref41
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref42
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref42
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref42
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref42
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref43
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref43
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref43

Z. Tessema, Y. Molla

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

A. Mekonnen, T. Sidamo, K. Asres, E. Engidawork, In vivo wound healing activity
and Phytochemical screening of the crude extract and various fractions of
Kalanchoe petitiana A. Rich (Crassulaceae) leaves in mice, J. Ethnopharmacol. 145
(2013) 638-646.

J. Wang, J. Ruan, Y. Cai, Q. Luo, H. Xu, Y. Wu, In vitro and in vivo evaluation of the
wound healing properties of Siegesbeckia pubescens, J. Ethnopharmacol. 134
(2011) 1033-1038.

1. Stintar, A.E. Kiipeli, H. Keles, A. Oktem, K. Hiisnii, E. Yesilada, A novel wound
healing ointment: a formulation of hypericum perforatum oil and sage and oregano
essential oils based on traditional Turkish knowledge, J. Ethnopharmacol. 134
(2011) 89-96.

R. Yadav, M. Agarwala, Phytochemical analysis of some medicinal plants, J. Phytol.
3(12) (2011) 10-14.

M. Yadav, S. Chatterji, S.K. Gupta, G. Watal, Preliminary phytochemical screening
of six medicinal plants used in traditional medicine, Int. J. Pharm. Sci. 6 (2014)
30-34.

A. Wadood, M. Ghufran, S.J. Babar, M. Naeem, A. Khan, R. Ghaffar, Phytochemical
analysis of medicinal plants occurring in local area of Mardan, Biochem. Anal.
Biochem. 2 (2013) 1-4.

S.C. Ugochukwu, L.A. Uche, O. Ifeanyi, Preliminary Phytochemical screening of
different solvent extracts of stem bark and roots of Dennetia tripetala G. Baker,
Asian J. Plant Sci. Res. 3 (3) (2013) 10-13.

Organization for Economic Cooperation and Development Guideline for Testing of
Chemicals 425: Acute Oral Toxicity-Up and Down Procedure, France, 2008.

T.K. Biswas, B. Auddy, N.P. Bhattacharya, S. Bhattacharya, B. Mukherjee, Wound
healing activity of human placental extracts in rats, Acta Pharmacol. Sin. 22 (12)
(2001) 1113-1116.

1. Pastar, O. Stojadinovic, N.C. Yin, H. Ramirez, A.G. Nusbaum, A. Sawaya,

S.B. Patel, L. Khalid, R.R. Isseroff, M. Tomic-Canic, Epithelialization in wound
healing: a comprehensive review, Adv. Wound Care 3 (7) (2014) 445-464.

W.N. Abood, N.A. Al-Henhena, A.N. Abood, M.M. Al-Obaidi, S. Ismail,

M.A. Abdulla, R. Al Batran, Wound-healing potential of the fruit extract of Phaleria
macrocarpa, Bosn. J. Basic Med. Sci. 15 (2) (2015) 25.

K. Murti, U. Kumar, Enhancement of wound healing with roots of Ficus racemosa L.
in albino rats, Asian Pacific J. Trop. Biomed. 2 (4) (2012) 276-280.

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

Heliyon 7 (2021) e05901

R. Samanta, A.K. Pattnaik, K.K. Pradhan, B.K. Mehta, S.P. Pattanayak,

S. Banerjee, Wound healing activity of silibinin in mice, Pharmacogn. Res. 8
(4) (2016) 298.

M.A. Hossain, K.A. AL-Raqmi, Z.H. AL-Mijizy, A.M. Weli, Q. Al-Riyami, Study of
total phenol, flavonoids contents and phytochemical screening of various leaves
crude extracts of locally grown Thymus vulgaris, Asian Pacific J. Trop. Biomed. 3
(9) (2013) 705-710.

R.S. Pawar, F. Toppo, A Plants that heal wounds. A review, Herba. Polonoca 58 (1)
(2012) 47-65.

P.K. Ashok, K. Upadhyaya, Tannins are astringent, J. Pharmacogn. Phytochem. 1 (3)
(2012) 45-50.

A. Aberoumand, Screening of phytochemical compounds and toxic proteinaceous
protease inhibitor in some lesser-known food based plants and their effects and
potential applications in food, Int. J. Food Sci. Nutr. Eng. 2 (3) (2012) 16-20.

A. Adetutu, W.A. Morgan, O. Corcoran, Ethnopharmacological survey and in vitro
evaluation of wound-healing plants used in South-western Nigeria,

J. Ethnopharmacol. 137 (1) (2011) 50-56.

M. Arun, S. Satish, P. Anima, Evaluation of wound healing, antioxidant and
antimicrobial efficacy of Jasminum auriculatum Vahl. leaves, Avicenna J. Phytomed.
6 (3) (2016) 295.

1. Lesschaeve, A.C. Noble, Polyphenols: factors influencing their sensory properties
and their effects on food and beverage preferences, Am. J. Clin. Nutr. 81 (1) (2005)
330S8-335S.

S. Ambiga, R. Narayanan, D. Gowri, D. Sukumar, S. Madhavan, Evaluation of
wound healingactivity of flavonoids from Ipomoea carnea Jacq, Ancient Sci. Life 26
(3) (2007) 45.

V.Z. Safari, M.P. Ngugi, J. Orinda, E.M. Njagi, Antipyretic, anti-inflammatory and
analgesic activities of aqueous stem extract of Cynachum viminale (L.) in albino
mice, Med. Aromatic Plants 5 (2) (2016) 1-7.

R. Kumar Bargah, Preliminary test of phytochemical screening of crude ethanolic
and aqueous extract of Moringa pterygosperma Gaertn, J. Pharmacogn. Phytochem. 4
(1) (2015 May 1).

Organization for Economic Cooperation and Development Guidelines for Testing of
Chemicals 420: Acute Oral Toxicity-Fixed Dose Procedure, France, 2001.
Research Guidelines for Evaluating the Safety and Efficacy of Herbal Medicine 59,
Regional Office for the Western Pacific, Manila; Philippines, 1992.


http://refhub.elsevier.com/S2405-8440(21)00006-2/sref44
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref44
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref44
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref44
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref44
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref45
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref45
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref45
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref45
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref46
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref46
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref46
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref46
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref46
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref47
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref47
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref47
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref48
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref48
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref48
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref48
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref49
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref49
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref49
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref49
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref50
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref50
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref50
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref50
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref51
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref51
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref52
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref52
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref52
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref52
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref53
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref53
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref53
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref53
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref54
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref54
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref54
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref55
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref55
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref55
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref56
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref56
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref56
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref57
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref57
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref57
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref57
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref57
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref58
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref58
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref58
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref59
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref59
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref59
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref60
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref60
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref60
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref60
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref61
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref61
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref61
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref61
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref62
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref62
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref62
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref63
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref63
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref63
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref63
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref64
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref64
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref64
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref65
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref65
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref65
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref65
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref66
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref66
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref66
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref67
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref67
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref68
http://refhub.elsevier.com/S2405-8440(21)00006-2/sref68

	Evaluation of the wound healing activity of the crude extract of root bark of Brucea antidysentrica, the leaves of Dodonaea ...
	1. Introduction
	2. Methods
	2.1. Plant materials collection
	2.2. Experimental animals
	2.3. Preparation of experimental plant materials
	2.4. Ointment formulation
	2.5. Grouping and dosing of experimental animals
	2.6. Determination of wound healing activity
	2.6.1. Excision wound model
	2.6.2. Linear incision wound model

	2.7. Phytochemical screening
	2.7.1. Test for alkaloids (Wagner's test)
	2.7.2. Tannins test (Lead acetate and ferric chloride test)
	2.7.3. Test for Triterpenoid
	2.7.4. Test for flavonoids (Alkaline reagent or NaOH test)
	2.7.5. Test for saponins (Foam test)
	2.7.6. Test for phenols (Ferric chloride test)
	2.7.7. Test for steroids (Liebermann-Burchard test)
	2.7.8. Test for glycoside (Glycoside tests)

	2.8. Acute oral toxicity study
	2.8.1. Statistical analysis


	3. Results
	3.1. Yields of extraction
	3.2. Wound-healing effect of the extracts
	3.2.1. Excision wound model
	3.2.2. Incision wound model

	3.3. Phytochemical screening
	3.4. Acute oral toxicity study

	4. Discussion
	5. Conclusion and recommendations
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interests statement
	Additional information

	References


