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extracts

ABSTRACT

Background: Gnetumafricanumand Ficusvogeliiare vegetables consumed in some parts of
Africa. They are used in ethno medicine for treatment of different diseases, and are
particularly known to hasten wound healing. We investigated the wound healing properties in
a rat model.

Materials and Methods: The powdered leaves of the two plants were successively
extracted with hexane, ethyl acetate and methanol using a Soxhlet apparatus. The crude
methanol extract was screened for secondary metabolites and anti-oxidant properties. The
wound healing activity was evaluated using excision wound model. Thirty healthy female
Wistar albino rats (150-200 kg) were used for the experiment and randomized into 5%
extract + ointment, 3.5% extract + ointment, simple ointment, and gentamicin treatment
groups. The ointments were administered topically daily, and wound contraction was
measured every alternate day. The percentage wound closure rate and histopathology of
healed wound area were determined.

Results: The Imethanol“ extracts of both plants showed the presence tannins, alkaloids,

flavonoids, saponins, and steroids in varying amounts. The antioxidant assays revealed that
the extracts of both plants had good anti-oxidant properties. Extracts of Gnetumafricanum at
3.5% w/w and Ficusvogelii 5% w/w exhibited potent healing activity, eliciting 100% wound
closure by day 7.

Conclusion: The study revealed that Gnetumafricanum and Ficusvogeliihave wound healing
properties which scientifically justifies its use for treatment of wounds traditionally and could
be developed into useful drugs for wound treatment and management.

Keywords: Gnetumafricanum; Ficusvogelii; Wound; Ointment; Ethnomedicine
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1. INTRODUCTION

A wound is a disorder that disrupts cellular and anatomical tissue; it is usually
caused by physical, chemical, thermal, microbial, or immunological damage to the
tissues. A wound might be acute or chronic; acute wounds generally include
abrasions, minor cuts, bites, punctures, surgical incisions, and burns (heat,
chemical, cold, or friction); they usually are properly managed and heal in a short
period. Chronic wounds, on the other hand, are wounds that refuse to heal within
three months; that is the functional and anatomical integrity has not been restored
within this time. (1, 2) Chronic wounds are highly associated with underlying
diseases such as diabetes and some other vascular conditions and are commonly
found on the lower legs. It has been estimated that about 6 million people suffer
from chronic wounds. (3).

Wound infection is a common problem especially in developing countries like the
Sub-Saharan Africa. Wounds provide an environment suitable for colonization and
proliferation of microbes, this is because they expose the subcutaneous tissues
which are usually moist, warm and nutritionally rich, any wound is at a high risk of
getting infected because the skin’s microbiome includes potentially pathogenic and
opportunistic pathogens that can infect compromised skin (4). Infected wounds are
often difficult to manage and often fail to heal, leading to prolonged patient suffering
from pain and trauma, and high cost of treatment of the infected wound (5).

Wound healing is an intricate and dynamic process that entails the repair and
regeneration of a tissue that has suffered past injury (1). The wound healing process
has four interconnected and overlapping phases: hemostasis, inflammation,
proliferation and tissue remodeling or resolution (6).

Medicinal plants have been used globally to cure a wide range of ailments.
According to the World Health Organization, almost 80% of people in developing
countries use plants as their primary source of medication. Medicinal herbs have
been found to possess high contents of alkaloids, flavonoids, tannins, triterpenes,
saponins, naphthoquinone, and other phytochemicals. As a result, they have been
used for a long time to enhance the healing process of wounds by improving the
quality and rate of healing of cutaneous wounds (7). Plants with wound healing
capabilities are expected to have the ability to promote the growth of fibroblasts,
stimulate the proliferation and differentiation of keratinocytes, enhance the
production of collagen and exhibit antioxidant, antimicrobial and anti-inflammatory
characteristics. In most cases, for a medicinal plant or natural product to be

considered an effective wound healing agent, it must possess two or more of the



above properties (8). FicusvogeliiMig. is a tree that thrives in the tropical and sub-
tropical regions worldwide. The West African rubber tree is widespread in countries
such as Nigeria, Mali, Ghana and Senegal (9) and is thus commonly referred to as
the ‘West African rubber tree’ (10). Traditional practitioners have purportedly
employed the leaves of Ficusvogelii to cure diabetic diseases, anemia, dysentery
and diarrhoea (11).

GnetumafricanumWelw is a shade loving dioecious perennial plant that can grow up
to about 10m long (12). It belongs to the section of Gnetophytes known as Gnetum
and the sub-section of microgenomes (The Gymnosperm database). The leaves and
seeds of the plants have been used to treat enlarged spleen, pain relief during child
birth, as antidote for poisonous snake bites (13) and excessive urination in diabetic
patients (14).The leaves have been previously reported to have anti-carcinogenic,
anti- oxidant and anti- inflammatory properties (15).

The aim of this study was to investigate the wound healing properties of
Gnetumafricanumand Ficusvogelii to provide insight on the scientific basis of their

use in ethnomedicine.

2. MATERIALS AND METHODS

2.1. Plant Collection and Preparation

The leaves of Gnetumafricanum and Ficusvogeliiwere collected from the Botanical Garden,
University of Ibadan, Ibadan, Nigeria and verified at the Department of Botany, University of
Ibadan, with voucher numbers UIH-22557 for Gnetumafricanum and UIH-22856 for
Ficusvogelii. The leaves were air dried under the shade at ambient temperatures, pulverized
and weighed.

2.2. Plant Extraction

The powdered leaves of Gnetumafricanum(1500g) and Ficusvogelii (2088g)
weresuccessively extracted with |hexane, ethyl acetate andmethanolusing a Soxhlet
apparatus. The crude extracts were concentrated to dryness using arotary vacuum

evaporator, weighed and stored in a refridgerator at 4°C for further analysis.

2.3. Phytochemical Screening
fThe crude extracts obtained from both plants were analyzed for the presence of secondary
metabolites using conventional techniques (16)

2.4. In vitro antimicrobial screening of plant extracts
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[The assessment of the plant extracts’ antibacterial activity was carried out using the agar-

well diffusion method. A 0.5 McFarland standard equivalent suspension of each isolate was

made in 0.85 % saline and 0.1 mL of resulting isolate suspension was used to inoculate the
plates of Mueller Hinton Agar. Wells of equal distances were bored with the aid of a standard
sterile 8mm cork borer and 100 pL of different concentrations of extracts and control were
placed into the corresponding wells. Gentamicin (10 pg) was used as the standard drug
control. To facilitate the diffusion of the extract, the plates were left at room temperature for
about one hour. Incubation of the plates was carried out at 37 °C for 24 h. All tests were
done in duplicates and the average values recorded for the results. The extracts with the

most promising activity was used for further downstream studies.

2.5. In vivo wound healing potential of most active extracts

2.5.1. Animals

Prior to conducting the experiment, ethical approval was obtained from the Animal Care Use
and Research Committee (UI-ACUREC/052-0521/26) of the University of Ibadan, Nigeria.
The animal research utilized experimental and handling procedures that were compliant with
regulations set forth by national and institutional bodies. Every experiment has undergone
thorough examination and received approval from the relevant ethics committee.

Thirty (30) Wistarfemale falbino rats in good condition, weighing between 150 and 200 kg
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Escherichia coli

Staphylococcus aureus

Klebsiella pneumoniae

Proteus mirabilis

Pseudomonas aeruginosa

were divided into six (6) groups of five animals each. Each group was individually confined in
plastic cages. Animals were fed with standard pellet diet and water ad libitum. The
experiments commenced after a 10-day acclimatization period in the laboratory environment.
2.5.2. Excision wound model

The experiments were carried out using the method described by Murthy et al (17) with
some modifications. Full thickness excision wound of about 600 mm?was made on the rats.
The wound was then inoculated with 0.1 mL suspension of Staphylococcus aureus (ATCC
25923), adjusted to 0.5 McFarland standard. Infected wounds were left for 48 hours before
administration of extract preparations. The methanol extract ointments of

Gnetumafricanumand Ficusvogelii at [3.5% and 5%. One group of rats each received the
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preparation of Gnetumafricanum at 3.5% and 5%, for a total of two groups while another two
groups received similar concentration of ointment from Ficusvogelii. One control group
received the simple ointment base used in preparation of extract-ointment while another
group received gentamicin ointment. All ointments were applied topically to the lesion sites
till the wounds were fully healed. The wound healing potential was determined by the rate of
wound contraction and wound closure time. Wound area was measured using a translucent

ruler on the day it was formed, and subsequently every alternate day until the wound had
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fully healed. The degree of wound healing was calculated. Wound contraction was
calculated as percentage reduction in wound area using the formula;
% of wound closure = Wound area on day 0 - Wound areaonday N x 100

Wound area on day 0

N: number of days.

2.5.3. Histopathology

Biopsy from wound site was collected after 7 days of treatment, fixed in 10% formalin and
sectioned for histology examination (18).

Sampled rats in each group were euthanized at the end of the experiment.

2.6. Antioxidant activity of Gnetumafricanum and Ficusvogelii

Two methods were used to determine the anti-oxidant properties of the methanolic extracts
of the plants

2.6.1. DPPH scavenging activity

The DPPH scavenging activity was carried out according to the method described by
Manzocco et al. (19) with slight modifications. The sample extract (1 mL) was diluted with
1mL of DPPH solution (0.3mM). After 30 min, the absorbance was measured at 517 nm. The

percentage of the DPPH radical scavenging was calculated using the equation below:

% DPPH scavenging = % inhibition of DPPH radical Abr - Aar x 100

ADT

Where Abr is the absorbance control and Aar is the absorbance of the sample after the
reaction.

2.6.2. Ferric ion reducing antioxidant power assay (FRAP)

Ferric ions reducing power was measured according to the method of Benzie (20) with a
slight modification. Methanolic extracts of both plants in different concentrations ranging from
100ug/ml to 500ug/ml were mixed with 2.5ml of 20 mM phosphate buffer and 2.5 ml 1%, w/v
potassium ferricyanide, and then the mixture was incubated at 50 °C for 30 min. Afterwards,
2.5 ml of 10%, wi/v trichloroacetic acid and 0.5 ml 0.1%, wi/v ferric chloride were added to the
mixture, which was kept aside for 10 min. Finally, the absorbance was measured at 700 nm.
Ascorbic acid was used as positive reference standard. Each assay was performed in

triplicate.

3.0. RESULTS



3.1. Phytochemical screening
Quantitative and qualitative phytochemical screening of methanolic extract of
Gnetumafricanum and Ficusvogeliirevealed the presence of saponins, alkaloids, flavonoids,

tannins, coumarins, steroids, terpenoids, anthraquinones and phenols jas reported previously

by Coker et al. (21, 22).

3.2. In vivo wound healing potentials

The methanol extracts of both plants were tested against excision wounds made on rats. For
Ficusvogelii, the extracts had a better activity at a concentration of 5% w/w showing
approximately 100% wound closure at day 7 while for Gnetumafricanum; the extracts had a
better activity at a concentration of 3.5% w/w showing approximately 100% wound closure
atday 7.

The wound biopsy results revealed that the groups treated with 5% Ficusvogelii and 3.5%
Gnetumafricanumhad rapid healing and the wounds were in the final stages of wound
healing by the 7 day with no lesion which further confirmed the results obtained from
observing percentage contractions.

Ficusvogelii showed better wound healing properties at a concentration of 5% w/w than at
3.5% w/w while Gnetumafricanum showed better wound healing properties at a

concentration of 3.5% w/w than at 5% w/w (Fig. 1).
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Fig 1. Percentage wound contraction of 3.5%, 5%Gnetumafricanum,

Ficusvogeliigentamicin, simple ointment and no treatment groups on day 3, 5and 7




Fig. 2 Skin biopsy of rat treated with 3.5% Gnetum africanum after treatment showing

maturation phase of wound healing. There are few acute inflammatory cells and

proliferation of connective tissues. HE x100

A B
Fig 3 Skin biopsy of rat treated with 5% Ficus vogelii after treatment showing
proliferative phase of wound healing. There is keratosis, acanthosis and acute
inflammatory cells in theepidermis.
A-HE x100, B- HE x 400

3.3. Antimicrobial activity of extracts
Theantimicrobial assay carried out on the methanol extracts also revealed that both plants
had in vitro anti-bacterial activity against clinical isolates from wound infections. Table 1

shows the average diameter of zones of inhibition against various clinical isolates.

Table 1: |Averagel diameter of zone of inhibition of Gnetum africanum and | Comment [fto10]: The result is not avareage but
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Ficusvogeliiat 100mg/ml.

Clinical Isolates zone of inhibition (mm)




Gnetum africanum  Ficusvogelii

Escherichia coli 16.33+2.87 11+1.2

Staphylococcus aureus 16.8+2.77 13.8+1.76

Klebsiella pneumoniae 18+6.22 13.7£2.4

Proteus mirabilis 17.5+1.87 12.6+0.96

Pseudomonas aeruginosa  [14+2.82) 11+1 Comment [fto11]: Means +/- SD
Where are significancy
Statisitcal analysis not found in materials asd

3.4. Anti-oxidant property of extracts methids

The assays consistently revealed that the methanol extracts of both plants had good anti-
oxidant property. The percentage inhibition increased as concentration increased for the
DPPH assay. The percentage inhibition of the extracts at concentrations of 200-500ug/ml
was higher than 50%. The ferric reducing power tests also showed that the methanol
extracts of the plants had good anti-oxidant properties when comparing the absorbance of
the extract to that of the standard antioxidant drug (ascorbic acid). The results generally
revealed that both Gnetumafricanum and Ficusvogeliihad good anti-oxidant properties,

although Gnetumafricanum had higher anti-oxidant properties than Ficusvogelii (Fig. 4&5).
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Fig. 4 DPPH radical scavenging showing percentage inhibition and absorbance at
different concentrations (ng/ml) of methanol extract of
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Fig. 5 Graph of Absorbance (nm) of FRAP against concentration of methanol extract
of FicusvogeliiandGnetumafricanum

4.0. DISCUSSION

The methanol extracts of both Gnetumafricanum and Ficusvogelii contained a variety of
phytochemicals which may be responsible for their antibacterial, anti-oxidant and wound
healing potentials. Both plants contained tannins, alkaloids, steroids, anthraquinones,
saponins and flavonoids which have also been reported in similar studies (21, 22, 23). Eneh
et al. (23) reported the presence of cardiac glycosides which were absent in the methanol
extract of Gnetumafricanumin this study. This difference may be as a result of slight
difference in the choice of solvents used for extraction and the method of extraction used.
These phytochemicals have been said to have astringent and excellent antioxidant

properties that can hasten wound healing and treat inflamed mucous membranes (24).

The in vivo studies showed that methanol extract ointment from both plants had good wound
healing properties. The infected excision wounds inflicted in the rat models healed rapidly
with the application of the plants’ extract ointment. The Gnetumafricanum extract ointment
showed a slightly better activity at 3.5%w/w than at 5%w/w while the Ficusvogeliiextract
ointment showed a better activity at 5%w/w than at 3.5%w/w (Fig. 1). The rate of healing,

however, at both concentrations for both plants was faster than in the positive control



(Gentamicin) group, although by day 7 the percentage wound closure rate was similar to that
of the Gentamicin group. The negative control groups also experienced wound contraction
only at much slower rate. The wound biopsy results revealed that the groups treated with 5%
Ficusvogelii and 3.5% Gnetumafricanumhad rapid healing and the wounds were in the final
stages of healing by the 7t day with no lesions which further confirms the results obtained
from observing percentage contractions. The wound healing potential of
Gnetumafricanumreported in this study agrees with the claims stated by Ali Assanta& Robert
(15) where he reported that the plant has been used ethnomedicinally for treatment of
wounds due to its anti-inflammatory and anti-oxidant properties. The antioxidant and wound
healing properties of the Ficusvogelii extracts in this study agrees with work done by
Yadav et al. (27).

The antioxidant studies revealed that both Gnetumafricanumand Ficusvogelii have good
antioxidant properties when compared to the standard antioxidant, Vitamin C. (28) Ali
Assanta& Robert (15) stated that the plant Gnetumafricanumhas antioxidant properties, and
this study further confirms their claims. Yadav et al.(27) also mentioned in their work that
members of the Ficus genus were generally known to have antioxidant properties; the
results of this study further confirm that claim as Ficusvogelli demonstrated good antioxidant
properties in the two assays highlighted above. The ferric-reducing tests showed that
Gnetumafricanum had excellent antioxidant properties similar to vitamin C, used as the
standard positive control. The excellent antioxidant property of both plants is proposed to be
involved in their wound-healing potential and can be exploited for drug discovery for wounds
and other infectious conditions.

The results of the antimicrobial susceptibility tests revealed that the methanol extracts of
Gnetumafricanum and Ficusvogeliihad considerable anti-bacterial activities against the
clinical isolates from wounds, as previously reported by Coker et al. (21,22). This is
consistent with the observations of Ayuk et al. (24) which reported that extracts of
Gnetumafricanumhad activity against organisms such as Staphylococcus aureus,
Escherichia coli, and Pseudomonas aeruginosa. The result is also consistent with what was
reported by Eneh et al. (23) on the antimicrobial activity of aqueous and methanol extract
against various bacterial isolates. The report by Eneh et al. (23) showed that the extracts
were not active against Escherichia coli isolates but this study showed that the methanol
extracts of Gnetumafricanumpossessed activity against all the clinical isolates of Escherichia
coli isolates tested. The differences may either be due to the strains of isolates tested or the

manner in which the plants extracts were processed. Different strains of bacteria can exhibit



high variation in antimicrobial susceptibility depending on genetics and gene expression.
Also, plant processing, time of plant collection, location and age of plants, amongst other
factors, can influence phytochemical composition and by extension, antimicrobial activity.

5.0. CONCLUSION

This study showed that the leaves Gnetumafricanumand Ficusvogeliicontain bioactive
compounds that have excellent wound healing potentials. The wound healing potential of the
extracts is comparable to that of gentamicin ointment and the plants are thus a potential
source for potent antimicrobials. The extracts contained secondary metabolites like
alkaloids, flavonoids, tannins, terpenoids, steroids, and anthraquinones. These metabolites
have been reported to have pharmacological uses and could be responsible for the
antibacterial, wound healing and antioxidant properties exhibited by the plant extracts in this

study.

ETHICAL APPROVAL
Ethical approval was obtained from the Animal Care Use and Research Committee (Ul-
ACUREC/052-0521/26) of the University of Ibadan, Nigeria.

DATA AVAILABILITY STATEMENT

All raw data from this study were generated by the authors and are available upon request
from the corresponding author. The analyzed form of all data are however present within the
article.
REFERENCES

1. Wubante D, Getnet MA, Seyfe A. Evaluation of the wound healing activity of the
crude extract of leaves of Acanthus polystachyusDelile (Acanthaceae). Evidence-
Based Complementary and Alternative Medicine. 2018; Article ID 2047896,
https://doi.org/10.1155/2018/2047896

2. Siddiqui A. Bernstein J. Chronic wound infection: Facts and controversies. Clinics in
Dermatology. 2010; 28: 516.

3. Kumar B. Vijayakumar M. Govindarajan R. Pushpangadan P. Ethno-

pharmacological approaches to wound healing exploring medicinal plants of India.
Journal of Ethnopharmacology. 2007; 114, 103-113.

4. Bowler, PG. Davies, BJ. The microbiology of acute and chronic wounds. Wounds.
1999; 11: 72.

5. Robson, MC. Wound infection. A failure of wound healing caused by an imbalance
of bacteria. Surgical Clinics of North America. 1997; 77: 637.

{

Comment [fto12]: Newest refercence since 3
years (2021)



https://doi.org/10.1155/2018/2047896

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Gosain, A. DiPietro, LA. Aging and wound healing, World Journal of Surgery. 2004;
28 (3): 321-326. Doi: 10.1007/s00268-003-7397-6.

Hashemnia, M. Javdani, M. Nikousefat, Z. Hoseinpour, F. Kakaei, S. Evaluation of
the wound healing activity of methanolic extract of Tragopogonporrifolius in rat.
Research Opinions in Animal and Veterinary Sciences. 2014; 4(8): 446-452.

Agyare, C. Bekoe, EO. Boakye, YD. Dapaah, SO. Appiah, T. Bekoe, SO. Medicinal
plants and natural products with demonstrated wound healing properties. Wound
Healing - New insights into Ancient Challenges.2016; https://doi.org/10.5772/63574.

Neuwinger, HD. African traditional medicine; a dictionary of plant use and
applications. 2000.

Arbonnier, M. Trees, shrubs and lianas of West African Dry Zones. Quae. 2004.
Fern, K. Useful Tropical Plants Database Recuperado. 2014

Orwa, C. Mutua, A. Kindt, R. Jamnadass, R. Anthony, S. Agroforest tree database: a
tree reference and selection guide version 10 4.0. 2009

Akinpelu, DA. Onakoya, TM. Antimicrobial activities of medicinal plant used in folk
lore remedies in south-western. African Journal of Biotechnology. 2006; 5:1078-
1081.

Mialoundama, F. Paulet, P. Regulation of vascular differentiation in leaf primordial
during the rhythmic growth of Gnetumafricanum, Canadian Journal of Botany. 1986;
64: 208-213.

Ali, F. Assanta, MA. Robert, C. Gnetumafricanum: A wild food plant from the African
forest with many nutritional and medicinal purposes. Journal of Medicinal Foods.
2011; 14(11): 1289 —1297.

Vinoth, B. Manivasagaperumal, R. Balamurugan, S. Phytochemical analysis and
antibacterial activity of Moringa oleifera Lam. International Journal of Research in
Biological Sciences. 2012; 2(3): 98-102.

Murthy, S. Gautam, MK., Shalini, G. Purohit, V. Shama, H. Goel, RK. Evaluation of
in vivo wound healing activity of Bacopamonniera on different wound model in rats.
BioMed Research International. 2013; 6:972028, doi: 10.1155/2013/972028.
Winsor, L. Tissue processing in Laboratory Histopathology: A complete guide
Reference 1% Edition. Published by Choirchull-Livingstone. 1994.

Manzocco, L, Arese M, Nicoh,MC. Antioxidant properties of tea extracts as affected
by processing. LWT-food Science and technology. 1998; 31:694-698. https:
doi.org/10.1006/fst 1.1998.049.

Benzie, IF. Strain, JJ. 1996, ‘The Ferric reducing ability of plasma (FRAP) as a
measure of antioxidant power: The FRAP Assay. Anal. Biochem. 1996;239: 70-76.


https://doi.org/10.5772/63574

21.

22.

23.

24,

25.

26.

27.

28.

Coker, ME. Fadele, MO. Udoh, HM. Susceptibility of multi-drug resistant wound
pathogens to extracts and fractions of FicusVogelii(Mig) and TelfairiaNigerian
Journal of Pharmaceutical Research. 2021; 17(5): 23-32.

Coker, ME. Ekpe, IE. Adewuyi, OA. Onu, CE. In vitro antimicrobial activity and
bactericidal kinetics of the extracts and fractions of Gnetumafricanum on clinical
wound isolates. African Journal of Biomedical Research. 2021; 24:435-441.

Eneh, FU. Onwubiko, CE. Ugochukwu, GC. Phytochemical and antimicrobial activity
screening of Gnetumafricanumleaf extracts. 2017; International Journal of Herbal
Medicine. 5(3): 105-109.

Ayuk EL, Oforji, CF, Aronimo, SB., Ugwu, FC. Njokunwaogbu, AC. Determination of
secondary metabolites and biological potential of Gnetumafricanum (Okazi) leaves.
The Pharmaceutical and Chemical Journal. 2017; 4(4): 115-122.

Mabhiza, D. Chitemerere, T. Mukanganyama, S. Antibacterial properties of alkaloid
extracts from Callistemon citrinus and Vernoniaadoensis against Staphylococcus
aureus and Pseudomonas aeruginosa. International Journal of Medicinal Chemistry
2016; Article ID 6304163.

Gurrapu, S. Mamidala, E. In vitro antibacterial activity of alkaloids isolated from
leaves of Eclipta alba against human pathogenic bacteria.Pharmacognosy Journal.
2017; 9(4): 573-577

Yadav, RK. Nandy, BC. Maity, S. Sakar, S. Saha, S. Phytochemistry,
pharmacology, toxicology, and clinical trial of Ficusracemosa. Pharmacogn Rev.
2015; 9(1): 73-80.

Eleazu,CO. Eleazu,KC. Health promoting compounds and in vitro antioxidant activity
of raw and decoctions of GnetumafricanumWelw. Asian Pac J Trop Dis. 2013; 3(6):
472-479. Doi: 10. 1016/S2222-1808(13) 60103-6






