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ABSTRACT
Present study investigated thevivo antiplasmodial activity ofC. citratus and V.
amygdalina leaves extracts when used in combination in migeeatestin vitro
antimalarial activity occurred in the dichlorometlkaextracts which were investigated
for in vivo antimalarial activity in mice at doses of 400mg/&agd 600mg/kg. A
significant dose dependent activity was observ@d0mg/kg of each extract used in
combination and administered orally successfullypsassed parasitemia in mice for
greater than 30 days compared to controls whickd digthin ten days. No
recrudescence was observed and mice maintainedweeaht. These results show
that mice infected withP. berghei can be cured by a combination of extracts of the
two Nigerian plant<C. citratus andV. amygdalina at a dose of 600 mg/kg using a 4-
day suppressive treatment.
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INTRODUCTION

Cymbopogon citratus (Family- Poaceae) used in tropical and subtropical countries
and in producing a pleasant aroma in their herdss {Cheel, et al., 2005). It's also
used in the treatment of fever, jaundice, hypertensas analgesic, in soap making
and as an insect repellant (Onabanjo, et al., 198@B)eliorates nervous and
gastrointestinal abnormalities (Melo, et al., 200Their essential oil have

antibacterial and antifungal, activity (Suhr andelden, 2003; Wilkinson and

Cavanagh, 2005)ts sedative and anticonvulsant properties as aglits use as an

anxiolytic agent has been documented (Blanco,. €2@09).

Vernonia amygdalina, (Family- Asteraceae) locally known as “omubirizi”,
and is traditionally used for analgesia and in tteatment of malaria infections
(Anoka, et al., 2008). It is used as anthelmirdittjprotozoal and antibacterial agent
(Huffman et al.,, 1996a). The antitumour and antiob@l properties ofV.
amygdalina have been traced to its bioactive principles (Ko&tu, et al., 1994). It
has hypoglycemic, antineoplastic and antibactgnaperties (Izevbigie, et al., 2004,
lwalewa, et al 2003).V. amygdalina has shown antiplasmodial properties, which has
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been attributed to the sequesterpene lactoneddddiam the leaves (Masaba, 2000;
Abosi and Raseroka, 2003; Tona et al., 2004). Bpecies has been shown to
enhance then vivo activity of chloroquine (lwalokun, 2008Lymbopogon citratus
Staphand Vernonia amygdalina Delile investigated in this study are used in the
traditional treatment of malaria in Nigeria. Howevstudies on thein vivo
antiplasmodial activity of a combination of dictdonethane extracts from the leaves
of Cymbopogon citratus and Vernonia amygdalina are nonexistent in the literature.

Combination therapies are a vital strategy to @névor delay resistance of
parasites and have been approved for other multicsistant infections, such as HIV
and tuberculosis. Although the combination of coomms for the treatment of
malaria has been recommended (White, 1998; WHO1)2@Be current research is
aimed at evaluating then vivo antiplasmodial activities of the dichloromethane
extractsC. citratus andV. amygdalina when used in combination.

MATERIALS AND METHODS
Plant materials: In Nigeria where these plants were collected fromere are two
major seasonal variations, the rainy season andrthseason. The plants leaves were
collected during the long rainy season (March tty)JuPlants (voucher specimens
number: PM/ABSU/06-72 and PM/ABSU/06-82 respectiyslere identified by the
taxonomist in Plant Science and Biotechnology Déliia state University Uturu.
Extraction: The fresh leaves of plants were dried for 3 weelds @owdered using a
plant blender (Waring, Connecticut, USA). The driedd powdered leaves of
Cymbopogon citratus and Vernonia amygdalina were sequentially and exhaustively
extracted using solvents of different polarities.ipetroleum ether, dichloromethane,
ethyl acetate, methanol and water. For a propeimiglant material and the solvent
were continuously shaken on a horizontal orbit shakabcon, California, USA).
The resultant mixture was filtered and the filtratencentrated under pressure in a
Bichi Rotavapor R-205 (Bichi Labortechnik AG Switard), at 24°C.
Animals and diet: This study was approved by the Animal Research cEthi
Committee of the University of Cape Town, South igdrin 2007. All animal
procedures were carried out in accordance withstiggested ethical guidelines for
care of laboratory animals by the Animal Care arsg@ @ommittee of the University
of Cape Town, as adapted from the recommendatidntheo Medical Research
Council of South Africa [MRC 2004]. The test anisyavere wild strains of C57 BL6
mice. Mice were obtained from the animal unit bé tUniversity of Cape Town
(South Africa) at the ages between 7-10 weeks dldey were housed in standard
cages in groups of five and placed on a pelletesdoon diet. They were maintained
under conventional conditions with controlled temgpare (22+4°C) and illumination
(12h; 6:00 am to 6:00 pm) and had free accessatwlatd diet and wated libitum.
Parasite strain: The parasites used for this experiment were otctliepreserved.
berghe (ANKA) strain. This parasite strain was donated thg Swiss Tropical
Institute, Basel, Switzerland. Parasite stock wasegrved in liquid nitrogen at -80°C
in the Division of Clinical Pharmacology, Univessiof Cape Town. Parasite stock
was sustained by serial passage of blood from tedemice to uninfected mice.
Parasitemia was monitored regularly. At a desirachgitemia, the mice were bled
and euthanized. Blood samples collected were frozenyotubes and stored in liquid
nitrogen at -80°C.
Acute oral toxicity study of crude extracts. Acute oral toxicity testing of extracts in
mice was investigated at a dose of 1600mg/kg falays. The extracts dissolved
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completely in 200ul ethanol, 20ul Tween 80 and 7T8thosphate buffered saline
(PBS). The dosage was administered orally. Thearimals were monitored for 4
weeks to ascertain if there were any adverse evfdsised the same formulation for
thein vivo antiplasmodial study of the extracts in this work.

In vitro antiplasmodial assay: was carried out as described by Makler et al., 1993
In vivo antiplasmodial assays and extract administration: We studied the
antiplasmodial activities of the dichloromethanetrasts C. citratus and V.
amygdalina when used singly and in combination at differensefo The dosage of
the extracts was determined from preliminary staidie our laboratoryHaving
investigated the toxicity of these plants in micedal at higher doses >1500mg/kg,
the extracts from these plants were administeradlyoat a dose of 800mg/kg for
single extract treatment and in combinations, at tifferent doses (600mg/kg and
400 mg/kg) against chloroquine sensiti®berghei (ANKA strain). Extracts
completely dissolved in SMEDDS formulation (200jttanol, 20ul Tween 80, and
780ul phosphate buffered saline). Solvent contiest for the formulation (200ul
ethanol, 20ul Tween 80, and 780ul phosphate buffeadéine) used in dissolving the
extracts showed no antiplasmodial activity. Timevivo testing of crude extracts
against Plasmodium berghei was carried out using the 4-day suppressive test
described by Peters et al. (1993). Malaria infecticas established in mice by the
intraperitoneal (i.p) inoculation of 200 pl of 1XYfarasitized cells/ml on the first day
(Do) of the experiment. Each mouse in the test gnageived 200ul of extract
formulation 24 hours post infection. The dose wasntained for 4 consecutive days.
Extracts were administered orally. The test animaése uniformly treated with
different doses of extracts in combination. To asie the parasitemia, on day 3 of
experiment, thin blood smear were made and stami#d10% Giemsa in Phosphate
buffer, pH 7.2 for 20 minutes. The slide was exadinnder microscope at 00 he
Percentage parasitemia was determined by courtengdrasitized red blood cells on
at least 1,000 red blood cells in random fieldstlted Giemsa stained slide. Each
experiment had a positive control group and a megatontrol group. The positive
control group received 200 pl of CQ (reference Yiraga dose of 10 mg/kg in
Millipore water while the negative control groupceeved 200 pl Millipore water
only. The percentage growth inhibition was deteediraccording to Tona et al.,
(2001) as follows;

% growth inhibition=_Parasitemia of negative contol- Parasitemia of test sample x100
Parasitemia of negative control

Statistical analysis and data evaluation: Parasitemia of all groups was monitored,
and growth inhibition calculated, as shown earliére standard deviation values of
parasitemia and weight were determined using therddoft Excel® 2002. The
percentage parasitemia relative to the number g$ g@st infection was evaluated
using the Graph Pad Prism 4 version.

RESULTS
In vitro activity: When tested against the chloroquine sensitiveinstad P.
falciparum, the petroleum ether, ethyl acetate, and methexioacts ofC. citratus
showed 1Gys of 9.1pug/ml, 12.1pg/ml, 15.9ug/ml respectively hihe petroleum
ether, ethyl acetate, and methanol extrattsamygdalina recorded IGss of 14.1
pg/ml, 10.7ug/ml and >50ug/ml respectively. Wateraets of both plants showed
ICs0> 50ug/ml. The dichloromethane extracts of the phamts recorded the greatest
antiplasmodial activityn vitro and was further investigatéavivo in mice.

Copyright © 2011, Journal of Natural Products, INDDY. Sudhanshu Tiwari, All rights reserved
166



Paula Melariri, et al., /Journal of Natural Products, Vol. 4(2011): 164-172

Acute oral toxicity of crude extracts: These plants in combination showed no toxicity
to mice. All animals gained body weight progreskivéHowever, the evaluation
approach used here is likely to demonstrate acxieity and not chronic effects of
the extracts on vital organs in the body such asbtiain, liver, kidney, or even the
central nervous system. Assessment of the fundtstage of these organs, size and
shape, as well as full blood count, may offer adveind more reliable assessment of
in vivo toxicity.
In vivo antimalarial activities. In the present study, there was a marked growth
inhibition of parasites with values of 87.2% and.8%5 by the dichloromethane
extracts ofC. citratus andV. amygdalina, respectively at a dose of 800 mg/kg. The
growth of the parasites treated with citratus and V. amygdalina was highly
restricted, and most of them appeared as “dotshduhe course of treatment. The
two groups of test animals treated with eithernase two extracts outlived all others,
including the group which received chloroquine. cReescence was delayed in the
groups treated witk. citratus or V. amygdalina when compared to other groups.
Having investigated the toxicity of these plants nmce at higher doses
>1500mg/kg,C. citratus (DCM) + V. amygdalina (DCM) extracts were combined at
two different doses (400 mg/kg and 600mg/kg). @traup which received 400mg/kg
of each extract showed parasite growth inhibitib8%%6 on day 3 of treatment, while
the group treated with 600mg/kg inhibited the gtowt the parasite by 95% (Table
1). The combinations which were tested at a do€§®0mg/kg of each extract showed
goodin vivo antiplasmodial activity. The mice treated with tb@mbination showed
no parasites after the 4 days of treatment. Onldpgst treatment there was a 100%
growth inhibition of parasites in the group treateith C. citratus andV. amygdalina
(600mg/kg each), while the group that received C@1g/kg) and mice treated with
400mg/kg of each extract recorded 70% and 87% dranhibition respectively
(Table 1). A repeat experiment using the same dosagl experimental conditions
yielded the same results. The repeat experimeatded 100% parasite inhibition day
1 post treatment as was observed in the first @xeett. Mice were monitored for 37
days. No recrudescence was seen in any of the imid&t group. The mice treated
with a combination ofC. citratus (DCM) andV. amydalina (DCM) at a dose of 600
mg/kg increased in weight by about 13% comparethéir original weight before
infection. The rest of the other groups died dumtoeased parasitemia, including the
CQ group which recorded a high recrudescence pestintent. The weight details are
shown in table 2.

DISCUSSION
A previous study which investigated the activitggsy. amygdalina andA. indica in
combination demonstrated thatamygdalina alone is effective in reducing the blood
glucose whileA. indica effective in protecting the liver against damagediabetic
states, however they stated that a combinatioheofwo extracts proved more potent
in management of diabetes (Patrick, et al., 2008)resent studynice treated with a
combination ofC. citratus andV. amygdalina extracts at a dose of 600 mg/kg each
showed no parasitemia after treatment using thaydsdppressive test. This was not
the case when the extracts were administered sifiglg observation compares well
with the advantages of polyherbal therapies ovenatieerapy (Tiwari and Rao,
2002). However, those treated with the same comibimat a dose of 400 mg/kg each
showed high parasitemia post treatment. This siggleat the activity of the extracts
is dose dependent. The dose dependent antimadatiaity of C. citratus essential oil
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was shown in a previous study (Tchoumbougnang, let 2005). Similarly,
antimalarial activities of acetone-water and aqeextracts olernonia amygdalina
green leaves showeddose dependent activity against a chloroquinstes isolate
of Plasmodium falciparum (Masaba, 2000).These researchers observed that
antimalarial activity was detected in both extraatslO, 50, 100 and 200ug/ml in a
dose dependent manner. They demonstrated?th&tand 76.7ug/ml of the acetone-
water and aqueous extracts, respectively, wouldbinparasite growth by 50%. The
activity of the aqueous extract in the previousigtoompares well to the activities of
water extracts of the two plants investigated ia fhresent study which showed
ICs0>50ug/ml.  The Stronger antiplasmodial activities spthyed by the
dichloromethane extracts suggests that the actiweponents are highly lipophilic
and may only be extracted with the non-polar sdleRoor activity of the water
extract from plants has been shown in several esudFrancois, et al., 1996;
Clarkson, et al., 2004).

The plants investigated in this study are traddibnprepared as aqueous
decoctions which involve boiling the plant and #nmgy the extract. More so, the
traditional healers make use of these plants inr thiesh state. The hot water
treatment of these extracts could extract lowercentrations of active lipophilic
components, but may not be available at therapelaises. It could be possible that
preparing these plants in their fresh state, falgwthe traditional recipe which
involves boiling for several hours may have incegbtheir activities. However, there
is a possibility of denaturing some active compasémthe crude extracts since their
heat tolerance has not been established.

V. amygdalina has also been shown to enhance ithevivo activity of
chloroquine (Ilwalokun, 2008). In a 4-day suppresdest, the ethanol leaf extracts
and root bark oV. amygdalina suppressed parasites by 67% and 53.5%, respgctivel
(Abosi and Raseroka, 2003), at a dose of 500mgikg2&0mg/kg.

In present study there was a notable increase ighivef mice treated with a
combination ofC. citratus (DCM) andV. amydalina (DCM) at a dose of 600mg/kg
when compared to the other group which receivedflkg. This may suggest that
V. amygdalina contains some active biomolecules necessary forwthro
Phytochemical analysis & amygdalina has shown the presence of several bioactive
principles, which include bitter sesquiterpene daets, vernodalin, vernolide and
hydroxyvernolide, as well as steroid-related cdustit’'s vernonioside Bl and
vernoniod Bl (Koshimizu, et al1994). The antiplasmodial activity ¥f amygdalina
has been attributed to the sequesterpene lactenkded from the leaves (Masaba,
2000; Abosi and Raseroka, 2003; Tona, et al., 20@dvious study reported that
sesquiterpene lactones such as vernolepin, verneknnolide, vernodalin and
hydroxyvernodalin isolated fromVernonia amygdalina leaves showed an
antiplasmodial activity (IC504ug/ml) against Plasmodium falciparum strains
(Phillipson et al 1993). Similarly other extracts froWernonia species such as time
hexane from leaves oWernonia brasiliana (L) Druce showed an in vitro
antiplasmodial activity which was attributed to émp (Alves, et al., 1997). Numerous
researchers have also recorded the antimlarialvitgctiof the sesquiterpenes
(Pedersen, et.ak009; Topcu, et al., 2003).

The lipid composition o¥. amygdalina was shown to contain 12 fatty acids
and amounts to 74.1% of the lipid content (Erastal., 2007a; b). Fatty acids were
reported to cause degeneration in the intra ergytimstages oP. falciparumin vitro
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(Kumaratilake, et al., 1992). The fatty acids cbacttivate the neutrophils and their
effector cells thereby enhancing their antimalgrialperties.

The in vivo activity of C. citratus has been reported to showsd€ from 6-
9.5ug/ml with a 20pug/ml chloroform/ ethanol extrebthoumbougnang, et al., 2005).
Five C-glycosylflavonoids from; orientin, isoorientinoscoparin, swertiajaponin and
isoorientin 2°O-rhamnoside have been isolated fr&@n citratus and have shown
potent antioxidant activity by significantly inhtimg lipid peroxidation in
erythrocytic membranes (Orrego, et al., 2009). Tausld suggest that the recorded
activity observed in the present study, using a lmoation of C. citratus and V.
amygdalina at a dose of 600mg/kg each, may be traceable egcattivity of the
various compounds in the mixture which may havedadynergistically and such
interactions between compounds could give risentiiredy new compounds with
different physical and chemical properties.

CONCLUSION
To the best of our knowledge this is the first gtwdhich has shown that mice
infected withP. berghel could be cured by a combination of the leaves etdraf two
Nigerian plantsC. citratus andV. amygdalina at a dose of 600mg/kg using a 4-day
suppressive treatment. The number of existing aféinals is still inadequate
especially in the face of parasite resistance. f@sellts of this study could help
encourage more identification and validation ofunat products which has shown
antiparasitic properties thus facilitating the depenent of a new generation of
antimalarials. The murine model of PbA in (BALB/C5¥BL/6) has shown several
features in common with human cerebral malaria.uRedrom the use of these
models may not be directly extrapolated to huma&hsy can only be predictive since
major differences exist between the small mammadshaumans.
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Table- 1: Percentage parasite inhibition ofC. citratus (DCM) combined with V. amygdalina

(DCM) in vivo.

Extract/drug administered (dose mg/kg)

Parasite growth
inhibition on Day 3
of treatment (%)

Parasite growth
inhibition on day 1
post treatment (%)

Chloroquine(10 mg/kg) 71 70
C. citratus + V. amygdalina (400 mg/kg each) 85 87
C. citratus + V. amygdalina (600 mg/kg each) 95 100

e« DCM: dichloromethane

Table- 2: Weights of the groups during the combindbn experiments.

Days post CQ mH,0 C. citratus DCM+ C. citratus DCM+
infection (10mg/kg) V. amygdalina DCM | V. amygdalina DCM
(400 mg/kg each) (600 mg/kg each)
0 22.01+£1.71 | 23.50+1.31 24.15+1.87 23.65+1.81
1 21.98+1.24 | 22.39+0.73 24.94+1.68 24.60+1.73
2 21.88+0.73 | 21.91+1.26 24.64£1.79 24.47+1.55
3 20.87+0.50 | 21.87+0.84 24.64+1.65 24.28+1.54
4 21.03£1.30 | 22.12+0.86 23.77£1.33 22.28+0.91
5 20.93£1.80 | 21.23+0.59 22.92+1.40 21.6+1.46
8 18.47+1.18 19.7+0.87 19.36x2.41 20.95+2.14
10 18.35+0.64 | - 18.73+2.35 22.9+1.63
11 178 | - 18.3+2.61 23.23+1.61
I e B 22.89+1.11
16 | s | meemeeeee ] e 23.59+0.99
18 | s | e ] e 23.01+0.81
I e T e 24.11+0.86
L e e 25.17+0.69
Y e e D 25.91+0.56
K e D 25.86+0.82
K I e e D 25.87+0.48
Y e e e 26.62+0.55

e CQ: chloroquine; DCM: dichloromethane; st millipore water
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