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ABSTRACT

Omphalocarpum ahia A.Chev. is an evergreen medinetdree, about 30 m tall, and exudes a whitighd ffrom
the incised bark. It is used in folklore medicie the treatment of pain, inflammation, bacterialdaparasitic
diseases. Reports of its pharmacological activites not widespread. This study sought to evalutsteanti-
leishmanial, anti-inflammatory and antioxidant pati@l. Its anti-leishmanial activity in comparisono
Amphotericin B was evaluated in vitro against pratigote forms of Leishmania donovani using a hetooogter
counting chamber and a high field microscope withbitity of the parasite as a marker of cell viatyliThe extract
was tested at concentrations between 15.6-500 p.glimb anti-inflammatory activity of the extract wasluated
using the carrageenan-induced foot edema in chidksreas the 2,2-diphenyl-1-picrylhydrazyl radicehgenging
assay was used for the antioxidant evaluation. I@a ahowed a lower anti-leishmanial activity {€124.040.67
pg/ml) than the standard drug amphotericin B (2@67 pg/ml). It also showed moderate anti-inflanonat
activity (EDs;=75.940.667 mg/kg BDW) compared to diclofenac {E[3.7440.333). The radical scavenging
activity of O. ahia was just three times less potean Vitamin E used as positive control. Thedévities may be
due to the presence of tannins, glycosides, sapprerpenoids and phytosterols found in the phyogbal
analysis of the plant. Thus from the observed #gtibarring any toxicity issues, O ahia may be rnessed and
integrated into the treatment of leishmanias issel by L. donovani as it may present a cheaper safd
alternative to the toxic synthetic analogues.
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INTRODUCTION

Leishmaniasis is a major public health problem eiglg in the developing countries. According teetiVorld

Health Organization (WHO)[1], about 88 countries tireatened by leishmaniasis and about 350 mileople are
at risk for the disease [2]. Kwakye-Nuako et al [@ported the outbreak of human cutaneous Leistasinin the
Volta region of Ghana. DNA sequencing of threedsesd revealed them to be Leishmania, identicabti ether
but different from all other forms of Leishmaniaesfes. Phylogenetic analysis indicated the pasasiebe new
members of thd.eishmania enrietticomplex, a new subgenus of Leishmania parasitbis development is
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worrying at a time where the healthcare delivergtayn of Ghana is at breaking point and may have dir
consequences on our ailing economy.

The antimonial drugs in current use are expensosdc and reports of resistance are widespread(Qfjer drugs
like pentamidine and amphotericin B which are alsed to treat the disease have been limited dtieeto high
toxicity and cost [5]. Because of the adverse sgffects of these treatment regimens, consideraidation has
been given to the discovery and development of hess, toxic agents [6]. In an ongoing search fes l@xic and
cheaper Leishmanicidal agents, plant-derived przdpesent a viable option. These plants and freducts are
readily available and accessible in the communéies majority of the populace rely on herbal meusi

Omphalocarpum ahiaccurs mostly in West Africa but majority of theare found in Sierra Leone and Ghana. In
Ivory Coast, it is called ‘Abe aguia’ or ‘akyeahi& Ghana the Ashanti’s called it ‘osonodokono’iletthe Nzemas
called it ‘asoro’.lt is an evergreen medium-sizezbt about 30 m tall, and exudes a whitish flu@hfrthe incised
bark[7]. It is used in folklore medicine for thee&tment of pain, inflammation, bacterial and péiasiiseases. A
closely related specie@mphalocarpumelatulviiers, has been reported to have weak antibactaciality [8]. The
dichloromethane-methanol (1:1) extract of the fpeticarp ofOmphalocar pumprocerurexhibited antiplasmodial,
antileishmania and anti trypanosomal activity [Bius the genu®mphlaocarpummay have a great potential for the
treatment of parasitic diseases, inflammation anzohgst of other©mphalocarpum ahikas not been investigated to
validate scientifically it uses in folklore mediein Phytochemical analysis of the plant has by fatr Imeing
forthcoming. Therefore in this research, the agiimanial, anti-inflammatory and antioxidant ptitgrof O. ahia
was evaluated to give scientific credence to legel folklore uses.

MATERIALS AND METHODS

Plant material collection and identification

The stem bark oD. ahia (Sapotaceae) was harvested from Adukrom, a villagezema East Metropolis of the
Western region of Ghana, in October 2014 and westifted by curators of the University of Cape Qdasrbarium
(Ghana). A voucher specimen (BHM/Omph/018A/2014) &lao been identified and deposited at the heninaoif the
Department of Herbal Medicine, Faculty of Pharmaéwame Nkrumah University of Science and Technology
Ghana.

Extraction

The stem bark oD. ahiawas air dried for 7 days followed by oven dryingté’C 48 hours. The dried material was
milled into powder and packed into brown paper begd kept until needed for extraction. The powdexediried
stem bark (600 g) was cold macerated with 70% ethimn 72 hours. The resulting extract was thetefdd and
concentrated under reduced pressuréQ} give the crude extract (yield of 4.2%4,).

In vitro anti-leishmanial activity

Cultivation of parasite

Promastigote strain dfeishmania donovan{LV90) was obtained from the Division of Biomediead Life Sciences,
Faculty of Health and Medicine, Lancaster Univgrdit. K. The promastigotes were cultivated at 25i@niedium 199
(Gibco, Invitrogen) supplemented with 5% penicillilneptomycin, 10% heat-inactivated fetal bovineise(FBS), 10
mM adenine (pH 7.5), and 5 Mm L-glutamine Using ipetie, 500 microlitre of parasite (containing »4.d6
parasites) were picked and added to 15 mL of M188iain a culturing flask. The mixture was inculdag 25°C for
five days. The number of parasites was counteq daiing a hemocytometer (2359629 SIGMA) accordimghie
method described by Adade et al, [10].

Anti-leishmanial assay

The anti-leishmanial activity of the selected paint comparison to Amphotericin B was evaludteditro against the
promastigote forms dfeishmania donovaniusing a hemocytometer counting chamber and a fretsthmicroscope
with mobility of the parasite as a marker of cedihility. A stock solution of the total crude metiwh extract of the
plant (1000 pg/mL) was prepared in DMSO. The déferconcentrations of the extract were preparetivoyfold
dilution of the stock as follows: 1 ml of the stoatdution was dispensed into the first well of &fewell micro titre
plates. It was topped up with 1 mL of M199 mediximg thoroughly. 1 ml of this solution was agaisginsed into
the second cell and procedure repeated in subseqell Each cell was then topped with 20 plLefshmania
donovani culture containing 95.5x106 cells/mL of the protigages. Finally, each well was topped up with adle
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amount of the medium (M199) to make a final voluoh@ mL, thereby achieving concentrations of 18862, 125,
250 and 500 pg/mL. The total concentration of DM&@s thus reduced to 0.5%V/V, a concentration wiiak
negligible effect on parasite growth rate and molpdy [11]. Total solution contained M199, DMSOapt extract
and 20ul promastigotes of Leishmania parasite.séhee procedure was repeated for the positive dartrphotericin
B. The negative control consisted of the medium $)IIMSO and promastigotes bf donovanimixed evenly in a
cell without the extract. The parasites were intedbaip to 72 hours at 25°C. All tievitro experiments were run in
triplicate and the results expressed as a % imtribih parasite numbers.

Anti-inflammatory assay

Experimental animals

Cockerels Gallus gallus Akate farms, Kumasi, Ghana) were obtained 1-dey-patch and were housed in a stainless
steel cages (34 x 57 x 409nat a population density of 10 chicks per cageeyTwere fed with chicks-feed (Chick
mash, GAFCO, Tema, Ghana) and clean water wasadsiable. The chicks were routinely maintainedsieven days

at a room temperature of 8 They were tested at 7 days of age.

Anti-inflammatory assay

The experimental model used in assaying the aftdinmmatory activity of the extract was the carraggeinduced

foot edema in chicks [12]. The chicks were randosdlected and grouped into 5 per cage. Their lifidizt volumes

were determined by using a digital vernier calip8}] The anti-inflammatory activities of the extimevere compared
to diclofenac and dexamethasone, used as standeysl d

The chicks were weighed and their doses calcula¢edheir body weight. 10uL of 2% carrageenan hiseprepared
in normal saline, was injected sub-plantar intol#fiefoot of the chicks. One hour after the caeegan challenge, the
foot volume was measured again. The 70% ethanmastofOmphalocarpum ahidEOA) given orally at 30, 100,
and 300 mg/kg body weight. The standard drugs,rdettzasone (0.3, 1, and 3mg/kg body weight) andfdichc (10,
30 and 100mg/kg body weight) were also given ordllye control groups received only the vehicle ifmairsaline).
The foot volumes were measured at hourly interf@s6 hours. The edema component of the inflammatias
guantified by measuring the difference in foot vo&ubefore carrageenan injection and at the vatioes intervals.
The percentage inhibition of edema was calculatesgdh on the following equation:

Percentage (%) inhibition of edema{(‘—fwc0 - AUC)/AUCO] X 100%

Where: AUC is the Area under the curve for the control (nmemted group)
AUC is the Area under the curve for the test sam(ftteated group).

In vitro antioxidant assay

2,2-diphenyl-1-picrylhydrazyl radical scavengingag

In this assay, the method described by Govindarejaad [14] with few modifications by Amponsah &t §l5]was
followed. The extracts (1 ml quantity of each) ahcentrations of 500, 250, 125 and 62.5 pg/ml vaaked to 3 ml
methanol solution of DPPH in a test tube and intedbat 25°C for 30 minutes. The ability of the agtrto decolourise
the purple colour of DPPH was determined at 517imia spectrophotometer (Cecil CE 7200 ms pectrapheter,
Cecil instrument limited, Milton Technical CentEngland). The control was prepared by adding 1fmiethanol and
3 ml of DPPH, incubating at 25°C for 30 minutestaxfiin E (100, 50, 25, 12.5 and 6.25 pg/ml) was @sepositive
control. Results were expressed as percentagéarns Ahe EGiwhich is the concentration required to scaveng&50
of the DPPH molecule was calculated. Each testoaaged out using three replicates

% DPPH Scavenging activity[-—(Ao - A)/Ao] X 100%

Where: & is the absorbance of the blank (negative control)

A is the absorbance of the test sample (positivéral).
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Phytochemical analysis
Phytochemical analysis on the plant for the presaficecondary metabolites such as tannins, atislgiycosides,
terpenoids and phytosterols was done accordirfgetanethod described by Trease and Evans, [16].

STATISTICAL ANALYSIS

Doses and concentrations responsible for 50 %eofriaximal effect (E€; and 1Gy) for the extract was determined
using an iterative computer least squares methdd, the following nonlinear regression (three-pagsen logistic)
equation.

_ a¥(b-3

Where X is the logarithm of dose antiis the responsé. starts at (the bottom) and goes b(the top) with a sigmoid
shape. The fitted midpoints (EfICs, values) of the curves were compared statisticgingF test [16-17]. Graph
Pad Prism for Windows version 5.0 (Graph Pad Soéwaan Diego, CA, USA) was used for all statis$técelysesP
< 0.05 was considered statistically significant][18

RESULTS AND DISCUSSION

Anti-leishmanial activity

The study looked at the anti-leishmanial activifyethanol extract oO. ahiausing promastigotes &f donovaniat
concentrations 500ug/ml, 2p@/ml, 125ug/ml, 62.pg/ml, 31.25ug/ml and15.68/mL.It showed a concentration
dependent activity. The 508/ml extract produced 59.4%, 89.4%, 99.5% and 1G£%hmanicidal activity at 6h,
12h, 24h, 48 and 72h respectively (Figure 1). Tveel concentrations were practically inactive. Derall anti-
leishmanial activity, as measured by the(€24.0+0.67pug/ml) was lower than that of Amphoteri8 (2.4+
0.67ug/ml) used as positive control (Figure 2).sTlg the first report of the leishmanicidal actviof
Omphalocarpum ahiaDrugs with potential leishmanicidal activity habeen found to inhibit the activity of
trypanothione synthetase (TryS) which synthesizeganothionebis(glutathionyl) spermidine; (T[SH] a
metabolite that keeps the cellular redox homeastadihe parasite [19]. A similar mechanism is thaticipated for
0. ahia

EOA

1000-
15.6ug/ml

31.3ug/ml
62.5ug/ml
125ug/mi

250ug/ml

500ug/ml

Control

Number of parasites
Mg e et n e

Time/hrs

Figure 1: The time-course effect oDmphalocarpum ahia alcoholic extract onL. donovani parasites
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Figure 2: Concentration response curve fo©. ahia and Amphotericin B

Leishmania donovanis the main cause of the deadly visceral leishassi the most severe type of the disease that
can cause death in almost 100% of the cases adogdiot nearly 50000 deaths per year; a deatlstojbassed only

by malaria [1]. The high cost and nephrotoxicityAfiphotericin B has limited it use as the main adgen the
treatment of this type of leishmaniasis. Thus fitti® observed activity, barring any toxicity issu@sahia may be
harnessed and integrated into the treatment offesiasis caused Hy. donovanias it may present a cheaper and
safe alternative to the toxic synthetic analogues.

Anti-inflammatory and antioxidant activities

In this research, the anti-inflammatory potentifittee methanol extracts of (EOA), using the chickrageenan
induced inflammation model was evaluated. The iafid?anmatory activity of the extract was compared t
diclofenac and dexamethasone, used as standard.dndyuction of oedema begun one hour after subt@ia
injection of carrageenan (2%) with the inflammatiomaching its peak within 2-3 hours (Figure 3). IOra
administration of the extracts (30-300 mg/kg bodgight) resulted in the reduction of the oedema é¢eduby
carrageenan in the chick paw from the second hallirthe extracts and standard drugs showed a sogmf
(p<0.05) dose-dependent reduction in oedema (Figur&€he anti-eodematogenic activity was quantifisthg the
EDso. This is the dose required to reduce the inflanonatby 50%. O ahia showed moderate activity
(EDs¢=75.9+0.667 mg/kg BDW) compared to diclofenac {E3.74+0.333 BDW)(Table 1).The extract also
showed a concentration dependent DPPH radical sgag activity (Figure 4). The decrease in the ataioce of
DPPH was due to phytoconstituents in the plantaetdracting as antioxidants by hydrogen donatidre fdical
scavenging activity o ahiawas three times less potent than Vitamin E usqabagive control.

Immunological response to Leishmania parasite tifedncludes inflammation with cytokines and letriene B4
(LTB4) playing active roles in the process. Many tbhe molecules that promote inflammation also atév
phagocytes leading to the production of the reaatixygen species nitric oxide (NO), which acts diyeto kill the
parasite [20]. However, an exacerbated productibthese molecules may also lead to tissue damaheser
molecules seem to have a beneficial role at eafction but worsen the disease outcome in estaaisnfections
[21]. Studies on Leishmaniasis showed that higheguency of pro-inflammatory cytokine productiorads to
larger lesions. Anti-inflammatory agents providebalance between pro-inflammatory and anti-inflamomat
cytokines and that determines the outcome of tfeefion [22]. Thus the antioxidant and anti-inflartory activity

of O ahiamay be beneficial in the treatment of leishmasiesiivo. These activities may be due to the presence of
tannins, glycosides, saponins, terpenoids and ptertals found in the phytochemical analysis ofglant
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Table 1 Effect ofO ahia and standard drug on carrageenan-induced oedema

Extracs/Drug ED50+SEM (mg/kg bodyweight)
Diclofenac 3.74+0.333
Dexamethasone 1.98+0.133
Omphalocarpum ahia 75.9+0.667
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Figure3: Effect of 70% ethanol extract ofOmphalocarpum ahia (30-300 mg/kg; p.0)] on time course curve (a) arttle total oedema
response, calculated as AUC's, for 6 h, in carragean induced paw oedema in chicks (b). Values are mes + S.E.M (n=5), *** p < 0.001,
** n < 0.01. *P < 0.05 compared to vehicle-treatedroup (One-way ANOVA followed by Newman-Keul's poshoc test)
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Figure 4: Free radical scavenging activity oD. ahia and Vitamin E

Table 2 Secondary metabolites dD ahia

Plant constituents | O. ahia
Tannins Positive
Flavonoic Negative
Terpenoids Positive
Alkaloids Negative
Glycosides Positive
Saponins Positive
Phytosterols Positive
CONCLUSION

The present study has shown that ethanol extracO.ofahia exhibits considerable anti-leishmanial, anti-
inflammatory and antioxidant activities and thustifies it use in folklore medicine. If the toxigitprofile is
establishedD ahiamay be useful in the treatment of leishmaniasislation of its bioactive compounds is currently
on going in our laboratory.
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