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ABSTRACT

Wound healing disorders present a serious clinralblem of medical health care in Africa and in Ghamost of
these disorders lead to complications, high motgidind mortality rates. However, most of the syithérugs
currently used for the treatment of wounds areardy expensive but also pose problems such agysli@nd drug
resistance. Anogeissus leiocarpus (Combretaceaml{petoideae)) is a well known plant in Ghana andduse of
its use in Ghanaian folk medicine as a wound-hgaligent; the present study was carried out to itigate its
wound healing activities. The parameters studieduiced rate of % wound contraction, days of congplebund
healing and the antimicrobial activity of the plaatract. The crude methanol extract was also screened dtal T
phenolic content, total flavonoid content, anti@d ability using ferric reducing antioxidant powéfRAP) assay
and the presence of phytoconstituerfisom the FRAP assay, absorbance increased witrea®ing concentration
of plant extract indicating a significant reductipotential of the plant. Similarly, high values weecorded for the
total phenolic and flavonoid contents, the secogdaetabolites synthesize in plants known to poasgexidant
activities. The result of the study relative to wdlnealing was very interesting. There was a pregike decrease
in wound area with time, indicating an efficacytioé formulations in healing the induced woundstigy 15" day,
the mixture containing 100 mg / ml of agueous extemd 10 % w / w of powdered ointment of A. leipaa
showed 100 % healing similar to the standard antibi ( 2% w/w penicillin). The plant A. leiocarptpically
possesses wound healing activity in a dose depémdanner and thus provides a scientific rationabe the
traditional use of thiplantin the management of wounds. As such could bdageekinto an alternative drug in
wound healing.
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INTRODUCTION

Wound is defined as a disruption of cellular, amatal, and functional continuity of a living tissi®ounds are the
result of injuries to the skin that disrupt the tstiésue. It may be produced by physical, chemittarmal,

microbial, or immunological insult to the tissi@Wounds represent a significant burden on the piatiand health
care professionals worldwide.
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Wounds affect physical and mental health of mikiaf patients and impose significant cost on p&iewounds
are major cause of physical disabilities. Currestineates indicate that nearly 6 million people asrthe globe
suffer from chronic wounds [1]. All wounds contdacteria and even if the wound is healing normalljimited

amount of bacteria will be present. But if the leaiet count rises, the wound may become infectedteBal

overload in a wound can lead to a serious infedtiam requires antibiotic treatment.

In the past, commercial antibiotics were successfuight these infections however; the future efifeeness of
antimicrobial therapy is somewhat in doubt. Micigamisms, especially bacteria, are becoming resistamore
and more antimicrobial agents.

A large number of plants are used by traditionatliced practitioners in many countries for the tneant of wounds
and burns. These natural agents induce healingregeheration of the lost tissue by multiple mecérasi The
herbal extracts and fractions effectively arreseting from fresh wounds, inhibit microbial grovethd accelerate
wound healing [2]. These phytomedicines are noy @hieap and affordable but also safe. Records hathet
different parts of plants used for wound healingtam some active principles or components thagatinicrobial
and nutritive in function [3].

The presence of various life-sustaining constitsiéntplants has urged scientist to examine plaiis a view to
determine potential wound healing properties [4].

Anogeissus leiocarpus a plant that has been identified among the Bwése Kpando district in the Northern part
of Volta region, Ghana, for wound healing. It basrto the phylum, Tracheophyta; Ordklyrtales andFamily:
Combretaceaécombretoideae). It is commonly called Axle-wooektrand in Ghana, it is referred to as hehe (Ewes,
Krepi), Kojoli (Fulani), Annum (Kanuri), Ayin or Gm-odan Ainy (Yoruba), Atara (Igbo) and Kukunchiypg). In

this study we assess the phytoconstituents andidiad healing ability oAnogeissus leiocarpuBotanicals with
antioxidant or free radical-scavenging activity bedieved to play a significant role in healingvafunds [5]. Hence
the study also sought to determine the antioxigaoperty using FRAP assay and quantify both phenatid
flavonoid contents in the plant.

MATERIALS AND METHODS

Materials

The following materials were purchased from thewdl suppliers and used without further purificati®enicillin
(Glaxo, Nigeria), citric acid, sodium hydroxide (Mk&), acetone (BDH, England), concentrated HClakehe
chloride injection (Gracure pharmaceuticals Ltahdid), gallic acid monohydrate (Sigma Chemical camy,
Quercetin dehydrate 99% (Acros Organics), Folin &dalteu’s phenol reagent (Fischer Scientific). Ather
reagents were of analytical grade and were ussdcis

Plant material and sample preparation

Fresh leaves oA. leiocarpuswere collected from Kpando in the Volta Region d¢faBa during the month of March-
2012. The plant material was properly identifiedNdyy Agyarkwa and Mr. Otoo, the Curators at the bégium of
School of Biological Sciences, University of Capea€t, Ghana. A voucher specimen was deposited ivetsity
of Cape Coast Herbarium.

The leaves were washed and shade dried. The dréadd were milled using Vivekananda Madras Mill78,9
USA).

Preparation of methanol and aqueous plant extracts

A mass of 40 g weight of the powdered plant materés extracted with 40 ml of 70 % methanol. Thetorie was
heated for 30 minutes and the resulting liquid viidered using filter paper (Whatman No 3, Whatmiad.,
England). Extraction was repeated five times argl filtrates were combined in one vessel. The sdlwess
removed on a water bath at 4. The resulting dried mass was then powdered,guaitko a glass vial and stored
in a desiccator over silica gel until use. The saraeedure was followed to obtain the aqueous ex{ral AE)
with a higher temperature used to remove the stlven
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Wound healing activity

Experimental animals

Albino Wistar rats of either sex weighing 150-300 mere used for the study. The animals were maiathunder
hygienic conditions and they were provided with coencial food pellets and tap water. Cleaning andtaton

work were done on alternate days. The cages wemataireed clean and all experiments were conductddiden
the hours of 9 am to 5 pm.

Grouping of animals

The animal weights were recorded. The animal grogsgiwvere stratified according to Weights, so thatdverage
weights of all groups were comparable. 6 groupshefanimals with 5 rats each were used. GROUP tatad
treated with 5 % w/w of powdered plant ointment (2%EO), GROUP 2- rats treated with 10.0 % w/w of
powdered plant ointment (10% ALEO), GROUP 3- ra¢smted with 30 mg/ml of aqueous extract (30mg ALAE)
GROUP 4- rats treated with 100 mg/ml of aqueousaek{100mg ALAE), GROUP 5- rats treated with 2 %ww
penicillin ointment. GROUP 6- rats treated with Stoaitter ointment and GROUP 7-rats left untreated.

Creation of excision wound

An excision wound model was used for studying wohedling activity Fresh 50mg/ml ketamine chloride solution
was prepared for anesthesia and a single-use syfamgnjection. For the IV injection, the rat whsld at its neck
directly behind the ears and the tail was graspkeitevholding the head down. The rats were placezk ligto the
cage to prevent agitatiomhe administratiomf the anesthetic solution prevented any movemetiteoanimals for

at least 2 hours so that the animals could benigifiout being restrained. Hair wasmoved by shaving the dorsal of
all rats. A full thickness of the excision wound aproximately 490mfrand 2mm depth was created along the
markings using toothefbrceps and pointed scissors. The back of the hetstd rats were shaved using the razor
blade and the hair was carefully removed from theklof the animal. The anesthetized and shavedvexts placed
on a paper towel. The shaved back of the animalwiasd with a sufficient amount of 70 % alcohol.eTtats were
held at the neck directly behind the ears andahet the rats was held down. The back of the skas lifted using
forceps. The skin was incised first and carefully gsing the scissors. Lifting up the skin ensutet the incision
will move through the panniculu@arnosus. After completion of excision woundirge tvound was left undressed
to the open environment and no local or systemit-raitrobial agents were used before the animalsewe
transferred into cages.

Determination of microbial load on the wound
Swabs were taken from the excision wound each grbda0, and 15. The collected swabs were immdgtiatnt
to the laboratory for testing. In the quantitatoaunt study, each swab stick was added to 2 mkpfone water.
The sample was mixed thoroughly and a 5-fold sefilation was performed. A volume of 0.1ml of eadmple
dilution was spread onto MacConkey and blood atgtep. They were incubated at 37°C for 24 hourg. ddlonies
were counted and the results were recorded.

Phytochemical screening
Chemical tests were carried out on the methanoticaets for the qualitative determination of phytemical
constituents as described by [6, 7, 8]. Belowlisief description of the methods used

Alkaloids: The chloroform extracts were evaporated to dryaessthe residues were heated with 2% HCI solution
on a boiling water bath. The extracts were codfitéred and then treated with the Mayer's reagdie sample
was then observed for the presence of yellow pitatipn or turbidity.

Flavonoids: 1.5 ml of a 50% aqueous methanol was added to d@f plant extracts. The solution was warmed and
magnesium turning was added. 5 to 6 drops of cdrated HCl was added to the solution and obsereeded
coloration.

Tannins: To 0.5 ml of extract solution, 1 ml of distilled tea and 1 to 2 drops of ferric chloride solutionsveaided
to it, and observed for blue or green black colorat

Saponins: 2 ml of distilled water was added to 2 ml of thetteolution and shaken very well till frothing was
observed.
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Phenols:Ethyl alcohol was added to 2 ml of the test solutimd few drops of ferric chloride solution and etved
for coloration.

Determination of flavonoid contents

The aluminum chloride colorimetric method was usedneasure the flavonoid content of all plant etsd9].

Extract solution (0.25ml, 1mg/ml) of each plantragt was added to 1.25 ml of distilled water. Sodinitrite

solution (0.075ml, 5%) was then added to the mefiotlowed by incubation for 5 minutes after whigli5ml of

10% aluminium chloride was added. The mixture wisvad to stand for 6min at room temperature befageml

of 1 M sodium hydroxide was finally added and thigtare diluted with 0.275 ml distilled water. Thbsorbance of
the reaction mixture was measured at 510 nm with/&/IS spectrophotometer immediately. Quercetin wasd
as the standard for the calibration curve. Flavdroointents were expressed as mg quercetin equi@én)/g dry
weight (D.W.).

Determination of total phenolic content

Total phenol content was estimated using Folin-@liec reagent based assay as previously descrittddafth
little modification. To one ml of each extract (1@fml) in methanol, 5ml of Folin -Ciocalteu reagédituted ten-
fold) and 4 ml (75 g/l) of N&CO; were added. The mixture was allowed to stand &€ Z0r 30 min and the
absorbance of the developed colour was recordédmnhm using UV-VIS spectrophotometer. 1 ml aliguot 20,
40, 60, 80, 100pg/ml methanolic gallic acid solnsievere used as standard for calibration curvedétérminations
were performed in triplicate. Total phenol valuesvedotained from the regression equation: y = 0.88040.0055
and expressed as mg/g gallic acid equivalent usiagformula, C = cV/M; where C = total content dfepolic
compounds in mg/g GAE, ¢ = the concentration ofigakcid (mg/ml) established from the calibratiaimee, V =
volume of extract (0.5ml) and m = the weight ofg@pfant methanolic extract (0.0529) (diluted tenes).

Ferric Reducing Antioxidant Power Assay (FRAP)

The reducing antioxidant power of plant methana@idracts was determined by the method of Oyaizy.[11
Different concentrations of plant extracts (25000Q ppm) in 1 ml of distilled water were mixed wiphosphate
buffer (3.0 ml, 0.2 M, pH 6.6) and potassium feyagide [K;Fe(CN})] (2.5 ml, 1%). The mixture was incubated at
50°C for 20 min. Then, 2.5 ml of trichloroacetic a¢itD%) was added to the mixture, which was thenrifaged
for 10 min at 3000 rpm. The upper layer of solutfarb ml) was mixed with distilled water (2.5 mhdaFeC} (0.5
ml, 0.1%). The absorbance was measured at 700 amsa@ blank using UV-Vis spectrophotometer (TURGVIS
Spectrometer, PG Instruments Ltd). Increased abscebof the reaction mixture indicates increaseetucing
power. Ascorbic acid was used as standard.

Statistical Analysis

All the experiments were performed in triplicatedahe results were expressed as mean + SD (stadduaiation).
Statistical analysis was performed using SPSS d3d0Excel 2003. The difference was considered fiignit at p <
0.05.

RESULTS

The flavonoid content of the extracts in terms oéigetin equivalent (the standard curve equatior0.9092x +
0.0249, T = 0.9854) was 330.7 + 29 md dor the methanol extract (Table 1). Table 1 alsovss the contents of
total phenols that were measured by Folin- Ciocaleagent in terms of gallic acid equivalent (staddcurve
equation: y = 0.00048x + 0.0055:10.9991). The total phenol content was 1294.80:n3g ¢* in the methanol.

Table 1: Quantification of Phenolic and Flavonoid ontents in the methanol extract

Extract Phenolic Content (mg of GAE/g of extra¢t) lavenoid content (mg of QE/g of extract).
Methanol 1294.8 + 3.0 330.72 + 29

From the FRAP assay (fig. 1), absorbance increagtbdncreasing concentration of plant extract.sTsiignified the
consistent reduction of Feo F€* indicating a strong reduction potential of therpla potential much higher than
that of the standard antioxidant.
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Figure 1: Ferric reducing power of A. leiocarpus méhanol extract compared with Ascorbic acid as stanard

The results from the study on excision wound rex@¢a wound healing activity induced by tHeaf extract of
different formulations ( ALAE 30 mg / ml, ALAE 10thg / ml, ALEO 5 % w / w, ALEO 10 % w /weated
groups, untreated groups (control), shea butter arfb penicillin ointment (standard drug) of animarhe mean
percentage closure of wound area was calculatedeo8rd, 6th, 9th, 12th and 15th post wounding @syshown in
table 3. Table 2 shows the result of the prelimirrytochemical screening on both the aqueous attianol leaf
extracts of the plant. The result revealed thegires of many major phytoconstituents in the plant.
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Table 2:

Preliminary phytochemical study ofAnogeissus leiocarpus Leaves

Phytoconstituent

Aqgeous Extract|

Methanol Extract

Alkaloid

+

Saponins

+

Tannins

+

Anthraquinone

Flavonoid

Terpenoids

|++++++

+
+

+
+

Steroids

Cardiac glycosideg

+

Phenol compound

+

+

Acid compound

+ indicates presence, - indicates absence

The microbial load on the excision wounds were afsanitored throughout the study period to estimtie
presence of microbes that might be present to caased infection. The result is shown in fig. 3.
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Figure 3. Comparison of the microbial load of the arious rat groups that were administered with diffeent treatments

Each bar indicates microbial load of different tted wound on the given days
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Table 3: Effect ofA. leiocarpusleave extract on excisional wound in terms of percgage wound closure

\%E\ DAY 0 DAY 3 DAY 6 DAY 9 DAY 12 DAY 15
Treatmen

2.63+0.05 183+0.03 1.77+0.08 1.29+0.11 0.79+0.11 0.48+0.06

Control (Untreated) (0.00%)  (27.94%) (2845%)  (50.88 %) (69.85%)  (81.76 %)
244+010 2.19+0.10 1.83+0.12 1.05+0.13 0.65+0.04 0.14 +0.06

(0.00 %) (10.00 %) (25.07 %) (56.11 %)  (72.85%)  (94.52 %)
259+0.03 1.77 £+0.06* 1.41+0.08* 0.82+0.12* 0.69 +0.09 0

(0.00 %) (31.60 %) (45.52 %) (68.37 %)  (75.75 %) (100.00 %)*
252+0.07 196+0.15 1.66+0.07 0.91+0.11* 0.59+0.05 0.13 +0.08*

(0.00 % (22.33% (34.16%) (64.30 % (76.49 % (95.06 %
258+0.12 197+0.21 1.65+0.13 0.91+0.09* 0.57 +0.07 0*

(0.00 %) (24.00 %) (35.38 %) (64.59 %)  (77.78 %)  (100.00 %)
254+005 172+0.10 151+0.06 1.04+0.07* 0.55+0.05 0.17 +0.10*

(0.00 %) (31.46 %) (40.70 %) (62.80 %) (78.54%) (93.63 %)
258+0.08 1.74+£0.06* 1.41+0.04* 0.93+0.06* 0.51+0.06 0*

(0.00 %) (32.44 %) (45.16 %) (63.90 %)  (80.21 %)  (100.00 %)
Values are mean + SEM. Numbers in parenthesis atdicpercentage wound closure. * Significantlyedéft from the control at P<0.05, n=5

Shea butter treatment

2 % w/w penicillin ointment
5 % w/w of drug dose

10 % w/w of drug dose

30 mg / ml of agueous extract

100 mg / ml of aqueous extract

DISCUSSION

The therapeutic benefit of medicinal plants is wftdtributed to their antioxidant property [4]. Aokidants play
very important roles in coetaneous tissue repathayg significantly prevent tissue damage that sk&tes wound
healing process. It has been mentioned that thiexihnt activity of plants might be due to theihgmolic
compounds [12]. Flavonoids are a group of polypliermmpounds with known properties which includeef
radical scavenging, inhibition of hydrolytic andide&tive enzymes and anti-inflammatory action [18lavonoids
are the most important natural phenolic compoumikane of the most diverse and widespread groupstofral
compounds [9]. Some evidences suggest that thediall actions of these compounds are related éir th
antioxidant activity [14].

The result recorded very high values for total mtienand flavonoid contents. The high values reedrdor the
extract of the plant showed that leiocarpusmay be a good source of antioxidant activity amid aigreed vividly
with the results from the FRAP assay. The FRAP eadhcreased with increase in concentration of tkteaet.
Substances that increase FRAP value and perceatdgexidant activity in DPPH spectrophotometric aasss
assumed to have antioxidant activity [15]. It isrésfore not out of place to state tatleiocarpushas demonstrated
good antioxidant activity from the results andahde suggested that the plant may be useful intaiaing health
and preventing degenerative diseases such as calmeetes, coronary heart disease that are exaedriby the
generation of reactive oxygen species (ROS) irbtuy.

Similarly, treatment of the excision wounds witle tiifferent formulations of the plants gave goodi¢ations of
the wound healing potency of the plant comparabtbé standard drug. It was observed that the dioantracting
ability of the plant and the 2 % penicillin ointmemere significantly greateghan that of the control. The aqueous
extracts and the ointment formulation of the plamtall treated groupshowed significant wound healing from the
3rdday onwards, which was comparable to that of thads#rd drug on the treated group of animals witlzoiyt
significant difference. The percentage wound catima was much more with the 10 mg / ml ALAE ané &0 %
ALEO (higher doses) than the 5 mg / ml ALAE and 1isv / w ALEO (low doses)The wound closure time was
also lesser withthe higher dosage treated animals as they shtesedr days of complete wound healing (15 days)
than the animals treated with lower doses (17dayss showed that the plant extract was dose dep#mwith high
doses exhibiting greater wound healing activityntlawver doses.

Microbial load determination on the various treatsalinds showed a significant reduction on day 5aidd 15 with
the standard treated and the various plants extreated groups been significant more than therobnfgain
reduction in microbial load was dose dependentiglen doses significantly reduced microbial loadntHower
doses as observed in figure 3.

Wound healing is a complex and dynamic procesgesibring cellular structures and tissue layersaimagyed tissue
as closely as possible to its normal state. Wowmdraction is a process that occurs throughouh#ating process,
commencing in the fibroblastic stage whereby tleaaf the wound undergoes shrinkage. In the manadtphase,
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the final phase of wound healing, the wound undesgoontraction resulting in a smaller amount ofaappt scar
tissue.

The preliminary phytochemical analysis of aqueousraethanol leaf extract &. leiocarpusrevealed the presence
of flavonoids, terpenoids, tannins, alkaloids, @dglycosides, saponins, steroids, anthraquinomaesl phenol
compounds. Flavonoids are known to reduce lipicbxidation not only by preventing or slowing the ensf cell
necrosis but also by improving vascularity [16]avenoids, and terpenoids are also known to prorieevound-
healing process mainly due to their astringent amttmicrobial property, which seems to be respdaditr wound
contraction and increased rate of epithelializafibn, 18]. This is very important as researcheved that the
control of microbial infection is necessary forteetvound healing and its management.

Tannins, the main components of many plant extradisas free radical scavengers. Researches iatmté of
antioxidants from plant extracts in wound healiryédr been widely published. This gives credencéddfact that
free radical scavenging action of plants as wellttasir antioxidant properties enhances wound hgd|ii9].
Antioxidants are known to play very important rolescoetaneous tissue repair as they significgmtéwent tissue
damage that stimulates wound healing process [dBle result indicated larger proportions of these
phytoconstituentsas well as high antioxidant activity iA. leiocarpus Thus, thewound-healing activity ofA.
leiocarpusmay be attributed to the presence of these phgstitoents, which may be either due to their irdiinl

or synergetic effect that hastens the process ahddealing and their antioxidant activity.

CONCLUSION

In conclusion, the formulations from the extracttlod plantAnogeissus leiocarpuspically posses wound healing
activity and thus provides a scientific rationade the traditional use of thiglantin the management of wounds. As
such could be developed into an alternative drugdond healing.

Further studies are needed to find out the mecitmapisthese biological effects and also the actigastituents
responsible for these effects.
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