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ABSTRACT

There is an urgent need for the development ofteféeanti-malarial drugs due to emergence of tasisstrains of
P. falciparum. Medicinal plants represent a pleta@f compounds to achieve this feat. The stemeafdekiracts of
Alstonia boonei and Carapa procera are used in aasi traditional medicines for the treatment of nnialaln the
present study, the petroleum ether and hydro-altohextracts of these two plants were tested imoviin
choloroquine sensitive (3D7) strains of Plasmodiiatciparum for their anti-malarial activity. Growtimhibition
was determined in vitrby counting GIEMSA-stained parasites by light mscapy The petroleum ether extract of
the leaves and stem bark of A. boonei were botttivea (IGy>100 pg/ml). Their soxhlet ethanol extracts wer® als
inactive with 1G,>100 pg/ml. However, the leaf extract, obtained dg ecnaceration, showed weak activity {{&
71.24 pug/ml) whereas that of the stem was 88.1Bdhe petroleum ether extract of the stem bark.gbrocera
inhibited the growth of the chloroquine sensitia®7) Plasmodium falciparum parasite withsiGralue of 19.52
png/ml and the soxhlet extracted ethanol extraangivCso = 11.41 pg/ml. Column chromatography of the biosect
soxhlet ethanol extract afforded fractions withrsfigant antimalarial activities (IG<10pg/ml).The present study
has revealed that the leaves and stem bark of Andioshow weak antiplasmodial activity. Extractitite
constituents of A. boonei by cold maceration retadonsiderable antiplasmodial activity. The stemkbaf C.
procera however, showed significant antiplasmodietivity. Chromatographic fractionation afforded ragpotent
antiplasmodial fractions.
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INTRODUCTION

Malaria contributes substantially to the poor Hedlituation in Africa. It is on record that, Subh8ean Africa
accounts for 90% of the world’s 300 — 500 millioases and 1.5 —2.7 million deaths annually. Abodb % all

these deaths in Africa occur in young children.vizegtn 20 and 40 percent of outpatient visits andideh 10 and
15 percent of hospital admissions in Africa areilaited to malaria [1]. It is a massive problem,iathplagues all
segments of the society.

On a continent-wide basis, malaria has severe smmaomic effect through increased poverty, imghisarning
and decreasing attendance of school and work, dsawelirect costs that include a combination ofspaal and
public expenditures on both prevention and treatnoérthe disease [2]. The cost of treating malainaGhana,
amounted to US $772.4 million in 2009. This amouhgt equaled to Ghana's entire health budget 6082
represents 10% of the country's entire Gross Damesbduct for 2006 [2].
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Self prescribed medication is a widespread phenomén Ghana. Majority of the malaria victims onlgek
medical examination and treatment from health itéesl when the initial attempts have failed resgtiin late
presentation [3-4]. Very often malaria treatmemsGhana occur at home with only a few of such hdamsed
treatments being correct and complete. Accesgitiitorthodox medical treatment in Ghana is lowhwier capita
outpatient visit of 0.46 in 2000 [5].

The search for new anti-malaria drugs remains petisable in the face of resistant strainB ofalciparum One of

the most promising targets in the search for netivaalaria drugs is the large repository of meditiplants used in
the treatment of malaria in traditional societiébe first anti-malaria drug provided by ancestrabtment was
quinine, derived from the bark of the Peruviaimchonatree [6]. Despite the cost and adverse effecttaadard
treatment for severe malaria in Africa and in Ewdapstill the intravenous administration of qummifr]. Still now,

resistance against quinine in Africa is absent.

The world’s poorest are the worst affected by tigeake, and many treat themselves with traditidwesbal
medicines. These traditional herbal remedies aenahore available and affordable, and sometimesparceived
as more effective than conventional anti-malariagdr Some Ghanaians living in rural areas depenualagiitional
herbal medicine for treatment of many infectiousedises including malaria. The reputed efficaciebede plants
have been experienced and passed on from one genet@a the other. Apparently, lack of scientificopf of
efficacies claimed by traditional medical practigos in Ghana called for this study. The preseséarch was
aimed at investigating the anti-plasmodial actiityvitro) of two Ghanaian medicinal plantSarrapaproceraDC
(Meliaceae) andhIstonia booneDe Willd (Apocynaceae), used in ethnomedicinetfar treatment of malaria and
also explore the effect of different methods ofastion on the antiplasmodial activity.

MATERIALS AND METHODS

Plant collection and identification

The stem bark ofCarapa proceraDC (Meliaceae) and the leaves and stem barllstfonia booneiDe Willd
(Apocycnaceae) were harvested from a farm in Effidy a town in the Sekyere-East district of theafsiRegion.
The plants were identified by Dr. George Henry Safrthe herbarium section of the Department of Herba
Medicine, Faculty of Pharmacy and Pharmaceuticéénses, Kwame Nkrumah University of Science and
Technology.

Plant material processing and extraction
The leaves and stem barks were initially screenefbfeign matter and air dried for seven days. ifagerials, thus
dried, were coarsely milled and packed into a brpaper bag and kept in the laboratory until requfoe use.

Petroleum ether and ethanol (70%) were the maieatsd used for the extraction of the plant materi@hey were
supplied from B.D.H. Ltd (England) and were of Btish pharmacopoeia (BP) grade. 65.5g of coarpelydered
stem bark ofC. proceraand 72.5g ofA. booneileaves and stem bark were soxhlet extracted ssigeds with

petroleum ether and 70% ethanol for over 48houts tire material was completely exhausted. Eachaektwas
concentrated under reduced pressure to a smalimeoly means of rotavapor (R-114, Buchi, Switzerjaasida
temperature of 50°C. Similar weights of powderegihpimaterials were extracted again by cold maaarafihe
extracts were kept in a desiccator for subsequeatbays and phytochemical analysis.

ANTI-MALARIA ASSAY

In vitro cultivation of malaria parasite

Frozen laboratory strains &f. falciparum(chloroquine sensitive 3D7 strain) were culturedaading to the method
described by Hoet al, [8] with slight modifications. Parasite vials wetaken from a liquid nitrogen tank, thawed
quickly in a water bath set at 37 °C. The vialsevgpun 10 minutes at 2000rpm and the supernatscardied. An
equal volume of thawing mixture (3.5% NaCl in dietd water) was added to each of the pellet, thoghtumixed

and spun at 2000rpm for 10 minutes. The pelletewently disengaged and 1ml of complete parasitiune(5ml

of L-glutamine, 2.5ml of 10mg/ml and 50ml Albumax 500ml of RPMI 1640) was added and span again at
2000rpm for 10 minutes. This washing step was regeand the supernatant discarded. The parasites we
suspended in 25ml culture flask (BD Falcon) contejri200pu! freshly prepared pack RBC (sickling nagatO
rhesus positive) and 5ml of complete parasite nrediv have a haematocrit of 4%. The culture was thessed
with a special gas mixture (2% Oxygen, 5.5% Carthoxide and 92.5% Nitrogen) for 30 seconds for 26uaiture
flask or 90 seconds for 75ml culture flask. Theskkawere quickly closed and placed in an incub@R& Biotech)

set at 37C. The spent culture medium was changed daily u&gh complete parasite medium. Spent complete
parasite medium was aspirated out from the cullask using pipette and each time a thin smearpvepared on
microscope slides under sterile conditions in tmihar flow safety cabinet (Hitachi Clean Benchpalg. The
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slides were fixed in absolute methanol, staineth 4% giemsa in phosphate buffer for 10 minutesadted adding
a drop of immersion oil (Fluka, BDH England) exasdnusing 100X magnification light microscope to ahéhe
level of parasitaemia, growth stages and viabdityhe parasites. The culture flasks were then baok into the
incubator after adding appropriate amount of comeplparasite medium and gassing (Hdual, 2006).The
parasitaemia was determined as below:

o P it . numberofinfectedRBCs 100
0 AT aSIaemiA S S AIRBCcount (IRBCs + URBCs) x

Where: IRBCs = RBCs infected with falciparum
URBC = RBCs not infected withR. falciparum

At a parasitaemia of about 5%, subcultures (of 3b&) were made by adding known amount of freshlisigk
negative O rhesus positive JTORBCSs to the culture to reduce the parasitaemibaanays maintaining 200ul or 1ml
of the pack red cells in 25ml or 75ml culture fatskpectively The parasites were maintained inicoats culture
to obtain a stable parasitaemia before they wezd fa the efficacy assay.

Incubation of Parasites with Plant Extracts

Thin smears were prepared and the level of pasasitadetermined. The parasites were then diluted non-
infected O RBC to obtain 1% parasitaemia. Complete parasidimm was then added to the culture in the culture
flask to have a haematocrit of 4.44%. Nine hundrectolitres (900ul) aliquots of the culture at 1%rasitaemia
were separately dispensed into each of twenty-foigro titre plates at haematocrit. One hundred ofitces
(100ul) of the prepared plant extract at the varidilutions (100-0.09mg/ml) were then added toléthelled wells
except the first 2 wells which served as positivatmls and the last 4 in order to observe theceffé the drug on
normal RBC whiles the remaining 2 wells served rag dhegative controls while the remaining two weksved as
non-drug negative controls. Standard antimalarialgdartesunate was tested at dilutions between004%
12.5ug/ml. Assays were performed in duplicates @amdker aseptic conditions. In all the cases, thétiaddof 100
ul/medium to the culture in the microtitre plateibght the haematocrit to 4%. The micro titre platese covered
and placed in a clean modular incubator chambelif¢@am, USA) tightly closed and gassed for 6 misit The
chamber containing the plates were then placetigriricubator previously set at°87for 48 hrs. After 48 hours,
cultures were removed from incubator and 2 thin aaserepared from each of the wells on double dmbst
microscope slides (Fisher, USA). Slides were aiedirfixed with methanol and stained with 10% gianis
phosphate buffer (Fluka, BDH England). The slidesravthen examined using the light microscope atX100
magnification after a drop of immersion oil was edd

The same procedure was used for the fractions H2Z&;,, H2D and H2E except that they were tested latials
between 0.03 and 31.25 pg/ml.

Column chromatography
Silica gel 60 (70-230 mesh ATSM) was used as taostary phase for the column. The packing of leron was
done by the dry method while gradient elution wapleyed in developing the column.

Detection for analytical thin layer chromatography

The zones on TLC plates corresponding to sepacaegounds were detected under U.V light 254nm &&hm
and also by spraying with anisaldehyde 0.5%w/v @AC-H,SO;-MEOH (10:5:85) followed by heating at 105°C
for 5-10 minutes.

Column chromatographic fractionation of extract

90g of silica gel 60 (70-230 mesh ASTM) was paclledinto a glass column (90cm x 5cm). 159 of thehset

extracted stem bark extract was dissolved in ab0unl of ethanol (90%) and mixed with 30g of silgal 60 (70-
230 mesh ASTM), allowed to dry to attain the samescstency as the silica in the column, and spgesdly on top
of the packed column. The column was eluted witiradient of Pet-ether, chloroform and methanolqédits of

50ml each were collected based on the polarityhefdluent. By means of thin layer chromatographyQ)T the

profiles of the aliquots were determined employamisaldehyde reagent as detecting agent. Simaatiéins were
bulked together based on the TLC profiles resulimdour bulked fractions (H2A, H2B, H2C and H2Djhe

fractions were subjected to thin layer chromatobi@gtudies to ascertain some compounds which ragyrésent.
The identification of major chemical groups wasrieat out by TLC on silica gel 60 F254 Merck (laybickness
0.25 mm) as follows; for polyphenols (flavonoids)hutanol/acetic acid/water 4:1:5 (top layer) wasdiuas solvent
system, 5% vanillin (BDH laboratory) in concentchtdCl as detecting reagent [9]. The developed chtogram
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was exposed to fumes of ammonia and observed Wwideast 365 nm. Flavanols give a blue-green fluorasee
whereas catechins and proanthocyanidins form aiginted colour after spraying with vanillin in CondCI[9].
Alkaloids were detected with Dragendorff's reagant chloroform/ acetone/diethylammine: 5:4:1 wasduas
mobile phase. Anthragquinones detected with NaOH 18#g ethylacetate/methanol/water: 8:1:1 as mqifikese.
Coumarins were detected under UV (366 nm) by thieie fluorescence which becomes intense after spyayith
KOH 10%. Terpenes or steroids were identified wigbermann—Burchard test [10].

STATISTICAL ANALYSIS OF DATA
Growth inhibition due to each extract defined as difference between the % parasitaemia of eaelintent group
and the corresponding positive control was caledlats follows [11].

(% Parasitaemia CIRBC - % parasitaemiaBIRx 100%
% Growth inhibition =

% parasitaemia CIRBC

Where CIRBC = % parasitaemia of infected RBC withextracts i.e. control
DIRBC = % parasitaemia of infected RBCs incubatéth wxtract or standard drug

Total parasitaemia over the 48 hour period wasutatied in arbitrary unit as the area under the e (AUC).
Differences in AUCs were analyzed by one way anmnalg$ variance (ANOVA) followed by Student-Newman-
Keuls’ post hoc test.

Doses and concentrations responsible for 50% ofrtheimal effect (IC50) for each drug/extract weetedmined
using an iterative computer least squares meth2dL8l. Using regression equations of best fit aftigld growth
inhibition versus concentration curves, the IC50eath plant extract against each of the parasigénstwere
obtained. Graph Pad Prism for Windows version &faph Pad Software, San Diego, CA, USA) was usedlfo
statistical analyse®< 0.05 was considered statistically significant][14

RESULTS

Antimalarial activity was determined vitro by counting GIEMSA-stained parasites by light mggopy [15].The

plant materials were extracted by cold maceratioth @lso by soxhlet extraction using petroleum ethet 70%
ethanol. This was to investigate the effect of lmathe secondary metabolites which may be resplenfr the

antiplasmodial activity (if any) as well as the egriate solvent for the extraction of the bioaetisonstituents
towards further development of appropriate dosag®a.fThe yields of the various extracts are showahld 1.

Table 1: Percentage yield of extracts oA. booneiand C. procera

% yield of extracts (“/y)

Solvents ABoone stem bark A booneileaves C procerastem bark
Pet-ether PS1=2.51 PSL=4.1 PS2=3.6
Hot ethanol (70%) H1=7.2 H3=11.1 H2=8.81
Cold ethanol (70%) Cl=6.8 C3=8.7 C2=6.51

Antiplasmodial activity of Alstonia boonei extracts

Petroleum ether extracts of the leaves and stekn(P8L and PSS) as well as soxhlet extracted (A&Rid ABSs

respectively) and cold macerated (ABLc and ABSpeesvely) 70% ethanol extracts of the leaves dathavere

tested for their antiplasmodial activity at coneations of 0.09-100 mg/ml. The extracts showed seditependent
chemo suppressive with varying degrees of growtlbition against thélasmodium falciparunparasite. The pet-
ether extracts of the leaves and stem as well @sdithlet extracted and the cold macerated etrsteal bark

extract of A. booneiwere practically inactive (I§>100 pg/ml) (Table 2). However, the cold maceratdtanol

extracts of the leaves (ABLc) and stem bark (ABS@wed some considerable level of activity (Talh)leThe cold

macerated ethanol extract of the leave#\ obooneishowed the highest antimalarial potentials(iZ1.24 pg/ml)

(Table 2).
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Table 2:In vitro antiplasmodial activity of extracts ofA. boonei

Extracts  1C50/ugmi*

PSL >100
ABLs >100
ABLc 71.24

PSS >100
ABSs >100
ABSc 88.15

Petroleum ether extracts of the leaves and sterk 8L and PSS);soxhlet extracted ethanol leafségh extracts (ABLs and ABSs
respectively); cold macerated ethanol leaf and stetracts (ABLc and ABSc respectively)ok@0 pg/ml (good activity); 16>100 pg/ml
(inactive); 1Go between 10-50 pg/ml (moderate activity); angh 8 50—100 pg/mi(low activity) (Bascoet al., 1994).

Antiplasmodial activity of Carapa proceraextracts

Petroleum ether (CPP) and ethanol (soxhlet extlaCfeg and cold macerated CRPEtem bark extracts @arapa
procera were tested at concentrations of 0.09-100 mg/rmk @ose dependent chemo-suppressive effect of the
extracts at the various doses employed is showirigure 1. There was total clearance of the pamasite
concentrations greater than 25mg/ml for the petirolesther extract and the hot ethanolic extract. Tdtal
parasitemia is represented by the area under tve ¢AUC) shown in Figure 1b. The extracts showexdsiderable
degree of growth inhibition against tlasmodium falciparunparasite. The soxhlet extracted ethanol extract
(CPE) showed a significant anti-malarial activity<@n001) followed by the pet-ether extract and théd co
macerated ethanol extracts respectively (Table 3).

d. 200+ b.
1 100, - s CPP =
E 4% u CPE, g 1504
2 " ocPE, 3
- o Contrdl & 100-
a m
2 o
[=] —
: S 501
= 0 U‘i = ’H s -; i =
a e 1
£ ol EEERE
.6_9‘ T T T T
50 Control CPP  CPE, CPE,
Log Concentration (mg/ml) Extracts of C. procera

Figure 1: Effect of CPP, CPEk and CPE; (0.09-100 mg/ml) on the total parasitaemia for 4Bours. Values are means + S.E.M (n=3) *** p
<0.001, ** p <0.01. *P<0.05 compared to controlrgup (One-way ANOVA followed by Newman-Keul's postoc test. CPP C. procera
pet-ether extract), CPE (soxhlet extractedC. proceraethanol extract), CPE (cold maceratedC. proceraethanol extract)

Table 3: Invitro antiplasmodial activity of C. proceraextracts

Extract CPP CPE; CPE;
ICso(ug/ml) 19.52 11.41 33.35
CPP (C. procera pet-ether extract), CPEoxhlet extracted C. procera ethanol extract)Ezfeold macerated C. procera ethanol extract)

Due to the relatively high antiplasmodial activiijown by CPE it was column chromatographed on silica gel to
afford four bulked fractions H2A, H2B, H2C and H2D.

In vitro antiplasmodial assay of the fractions revealed éoetbfraction H2A to have the highest activity {4€
0.1916ug/ml). However it was 108 fold less potelmént the standard antimalarial drug artesunateg%IC
0.00177ug/ml)(Table 4).

Table 4:In Vitro antiplasmodial activity of fractions of C. procerastem extract

Fractions  1Csq (ug/ml)

H2A 0.1916
H2B 23.14
H2C 0.3084
H2D 8.999
ATS 0.00419

ATS; Artesunate
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Phytochemical constituents of the fractions weralysed by thin layer chromatography (TLC). The pree or
otherwise of the secondary metabolites were estaddi by spraying the TLC plates with specific datiging
reagents. The results are presented in table 5.

Table 5: Phytochemical constituents of fractions oéthanol extract ofC. procera

Fraction H2A H2B H2C H2D
Sterols Flavonoids Flavonoids Flavonoids
Constituents Terpenoids Catechin Catechin Catechin

Proanthocyanidins  Proanthocyanidins  Proanthocyasid

DSICUSSION

Alstonia boondgstem and leaves) is widely used in traditional itied in some African countries to treat malaria.
In the present investigation, the petroleum ethlénaet of the

leaves (PSL) and stem bark (PS1) were both ina¢iGsg>100 pg/ml). Also the soxhlet extracted ethanolitaots
of both plant parts were inactive gf>100 pg/ml). However, the cold macerated extractbath the leaves and
stem bark showed weak activity (Table 2). This taadicates that extracts of the leaves and stark bfA. boonei
have very weak antiplasmodial activity and therefdoes not justify their use as antimalarial agddtsvever, in
many cases, plants reportedly used in a numbentohalarial products are found to have antipyretieperties and
had no real antiplasmodial propert[@§]. Antipyretic agents relieve fevers associated witllama. Thus a patient
may be asymptomatic (for a short period) but preséth high parasitaemia levels. Herbal preparatioontaining
extracts ofA. boonej for the treatment of malaria, are found in corakibn with other plants such &scralima
nitida and Azacdrichta indicfl7]. The root, stem bark and fruits &f. nitida were found to exhibit potent
antiplasmodial activities with respectives}iGralues of 0.188, 0.545 and 1.581. This activitys adtributed to the
active alkaloid akuammifi#8]. Therefore antimalarial preparations containingaets ofA. boonej may owe their
activity to the other plant extracts used.

Carapa procerémeliaceae) stem bark is used in many traditiooaleties in Ghana and other African countries for
the treatment of malaria. Members of the meliadeae been used for generations in Africa to treslirra[18]. In
this present study extracts of the stem bark oproceraexhibited significant antimalarial activity. Thetpoleum
ether extract of the stem bark (CPP) inhibitedgtwwvth of the chloroquine sensitive (3DRlasmodium falciparum
parasite with IG, value of 19.52.The cold ethanolic extract had matgeactivity (IG, = 33.35) whereas the soxhlet
extracted ethanol extract showed the highest afgimabactivity (IG, = 11.41). The difference in activity observed,
between the hot and cold ethanolic extract may thébated to the more exhaustive extraction of Hetive
metabolites in CPHyield= 8.81%) than in the cold macerated ext(gatd= 6.51%)(Table 1).

The bitter taste and antimalarial activity ©&arapa species have been attributed to a group of terpbeenicals
called meliacins, which are very similar to thetdsitantimalarial chemicals found in tropical plar®ne of these
meliacins, named gedunin, has recently been dodethaén have antiparasitic properties and antimallaffect
equal to that of quining20]. Chemical analysis of the oil obtained from thedse of closely related specie
(C.guianensi}y has also identified the presence of another grofichemicals called limonoids. The anti-
inflammatory and insect repellent properties @iguianensiseed oil, are attributed to the presence of these
limonoids[21],including a novel one which has bearamed andirobin Another limonoid called
epoxyazadiradiorie found in C.guianensisil. The three chemicals present @ guianensithave been found to
have antiparasitic and insecticidal actions [22jug the antimalarial activity exhibited by the péter extract o€.
proceramay be due to the presence of one or more of sogtpounds. The results shown by the soxhlet extdact
stem bark extract of. procera underlined the interest to fractionate and ingest it further for antiplasmodial
activity and phytochemistry.

The 1G, values obtained with these fractions on the clgoime sensitiveplasmodium falciparum(3D7) are
summarized in Table 4. Fractions H2A, H2C and H2bovsed the highest antimalarial activities
(IC50<10ug/ml)H2B showed moderate antimalarial activityhwIC50<50ug/ml). The activities of fractions H2A
and H2C (IC5681pg/ml) were comparable to the standard antimalanag artesunate (IC5@.01pg/ml).TLC
analysis of the fractions described in the presesrk revealed the presence of steroids and tergen@iaction
H2A) which showed the highest activity. Flavonoidatechins and proanthocyanidins were found in (H2BC
and H2D).

Representatives of these phytochemical classesdiaarly been reported to inhiBlasmodium falciparurgrowth
in vitro and in vivo [23].Terpenoids and steroids [24-25] saponins[2h-2ahnins, anthocyanins and flavonoids

121
Scholar Research Library



Linda Mensah Sarponget al Der Pharmacia Lettre, 2016, 8 (3):116-122

especially methoxylated flavonoids [28] have beeported to exhibit antiplasmodial activity. Stigreaesl was
found in fraction H2A by co-chromatography with refard stigmasterol. Thus the high antiplasmodiaivigg
shown by fraction H2A may be due it steroidal andrenimportantly terpenoidal contents. The antiplegial
activity of fractions H2B, H2C and H2D may be ddtiied to the catechin and the polymeric flavonoid
proanthocyanidins. The exact mechanism of antinalaction of flavonoids is unclear but some flavls are
shown to inhibit the influx of L-glutamine and myoisitol into infected erythrocytes [29]. It is refes that
catechins are potent inhibitors of mammalian fatilve glucose transporter 1(GLUTT1)-mediated d:=ghe
transport in human erythrocytes [30]. It is hypailaed that catechins exhibit antimalarial activity a similar
inhibition of d-glucose uptake vig. falciparumhexose transporter (PfHT), a parasite plasma memebiocalised
protein that is a major route for parasite d-glecand d-fructose uptake [31-32]. Thus these secgndatabolites
may be responsible for the antimalarial activityCafrapa procera.

CONCLUSION

The present study has reveaked that the leavestend bark ofA. booneishow weak antiplasmodial activity.
Extracting the constituents &. booneiby cold maceration retains considerable antiplaiah@activity. The stem
bark of C. procerahowever, showed significant antiplasmodial acfiviChromatographic fractionation afforded
more potent antiplasmodial fractions.
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