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Fresh leaves of Citrus limon, Psidium guajava, Carica papaya, Cymbopogon citratus and Vernonia
amygdalina were investigated. These plants are used singly and in combination in the traditional
treatment of malaria in Nigeria. The dried leaves of plants were sequentially extracted with solvents of
different polarities. We investigated the in vitro activities of selected extracts singly and when
combined against the chloroquine sensitive and resistant strains of P. falciparum. Cytotoxic activities
as well as the fractional inhibitory concentration of extracts were further evaluated. Most of the single
extracts showed equipotent activity against both strains of the parasite. However, it was apparent that
there were slight increases in parasite survival in the resistant strain as compared to the sensitive
strain. Interestingly, when the extracts were investigated in combination, we observed that the potency
of most of the extracts was enhanced. In this study, C. papaya extract was demonstrated to enhance
the activities of component extracts in the combination. The dominant effect of C. papaya activity could
be traceable to its high selectivity index for the sensitive and the resistant strain of the parasites. We
envisage that the escalating challenge posed by parasite resistance, to existing antimalarials could be
averted by combination treatments.
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INTRODUCTION

Malaria remains one of the world's most debilitating infec-
tious diseases (Prudencio et al., 2006). Forty percent of
the world’s population is at risk of infection in about 90
countries and in 2009 there were an estimated 225
million cases of malaria reported worldwide and an esti-
mated 781 000 deaths (WHO, 2010). Globally, the two
regions with the highest malaria transmission intensity
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are Oceania and sub Saharan Africa. The greatest brunt
of the disease is felt in sub-Saharan Africa where more
than 90% of morbidity and deaths occur (WHO, 2005).
The most vulnerable population includes young children
and pregnant women as well as non immune travellers/
immigrants. In sub-Saharan Africa, a child dies of malaria
every 12 s (Snow et al., 2005). This death toll exceeds
the mortality rate from AIDS and the situation has further
been heightened due to concomitant infection of malaria
and HIV. A child in sub-Saharan Africa (< 5 years) will
experience on average between 1.6 and 5.4 episodes of
malaria fever each year, and one in every five (20%)



childhood deaths is due to the effects of the disease. In
some regions, the situation is further aggravated due to
relapsing liver-stage of P. vivax infections after treatment
(Lin et al., 2011). Apart from the unacceptable loss of life,
malaria also impacts significantly on economic
development — Africa spends about US$1.2 billion dollars
per year in malaria-related illnesses and mortality cost
(Murray, 2006) and the disease robs African economies
of US$ 12 billion a year. The WHO estimates that malaria
decreases gross domestic product (GDP) by as much as
1.3% in countries with high disease rates (WHO, 2010).

Currently no effective vaccine against malaria is
available but there are several candidates in develop-
ment. Despite the progress made in malaria vaccine
development there are several safety concerns with new
candidates and since none is 100% efficacious, the
reality of breakthrough infections (Mueller et. al., 2005;
Melissa et. al., 2005) especially in immunocompromised
individuals is real. Thus chemotherapy will remain the
cornerstone of the multifaceted approach in malaria
control, elimination and eradication in combination with
available tools such as insecticide treated bed-nets and
indoor residual spraying. Chloroquine (CQ) was the
mainstay of malaria treatment for many decades, but
development of drug resistance by the parasite led to
therapeutic failure (Thanh et al., 2009). The replacement
of CQ with Sulphadoxine-Pyrimethamine (SP) was short
lived due rapid selection of resistant parasites (Scholte et
al., 2006; Willcox et al., 2004; Talisuna et al., 2003).
Quinine is generally effective against CQ-resistant falci-
parum malaria, but its use is limited by its narrow
therapeutic index and cardiotoxicity effects.

This lead to the adoption of combination therapy in
malaria with the advent of artemisinin based combination
therapy (ACT). The emergence of artemisinin resistance
has raised concerns that threaten the potency of existing
antimalarials (Bethell et al., 2011). The therapeutic
effectiveness of artemisinins which have been the drugs
of choice is limited by a number of factors such as short
half-life, neurotoxicity, and low solubility which affects
their bioavailability (Gordi et al., 2004). Moreso, drug
failure in candidates treated with artemisinin regimen has
been recorded in some regions. A decrease in the
sensitivity to artemisinin has now been confirmed in
Cambodia (Anderson et al., 2010; Noed! et al., 2008;
Dondorp et al., 2009). Therefore, there is urgent need to
protect and increase the available antimalarials by use of
new well matched combination therapies.

Combination therapies have the potentials to delay or
prevent development of resistance by parasites as well
as to enhance the effectiveness and extend the useful
therapeutic lifespan of components in combination.
Combination therapies have been approved for other
multidrug resistant infections, such as HIV and tuber-
culosis. Combination of compounds for the treatment of
malaria has been recommended (White, 1998; WHO,
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2001). In this study we explored the in vitro anti-
plasmodial activities of extracts from Citrus limon,
Psidium guajava, Carica papaya, Cymbopogon citratus
and Vernonia amygdalina, investigated singly and when
combined.

Majority of the African populace depend on plants used
by traditional healers. African medicinal plants have
demonstrated diverse potentials as possible sources of
promising antiplasmodial compounds (Saidu et al., 2000;
Okokon et al.,, 2006; 2007; Philippe et al., 2007).
Traditionally, the plants investigated in this present study
are used in treating malaria in Nigeria. They are acces-
sible, cheap, affordable, available and sustainable. How-
ever, research output on the scientific information
concerning the safety, and efficacy of these plants
naturalized in Nigeria, in the traditional treatment of
malaria, using in vitro systems is lacking. Moreso, since
the activity of same species of plants could vary due to
soil composition, geographical and climatic conditions
(Massotti et al., 2003; Angioni et al., 2006), It is neces-
sary therefore, that the species that occur in Nigeria be
tested for activity. In this study we have investigated the
antiplasmodial and cytotoxicity properties of C. limon, P.
guajava, C. papaya, C. citratus, and V. amygdalina
naturalized in Nigeria.

C. papaya L. belongs to the family Caricaceae. The
fruits, leaves and latex of this species are traditionally
used in various places in the treatment of asthma,
rheumatism, fever, diarrhea, boils, hypertension and to
increase the production of milk in nursing mothers
(Zakaria et al., 2006). The fruit and seed extracts of C.
papaya have shown significant bactericidal activity
against  Staphylococcus aureus, Bacillus cereus,
Escherichia coli, Pseudomonas aeruginosa and Shigella
flexneri (Emeruwa, 1982). The unripe fruit contains
glycine, phenylalanine and tryptophan, which have shown
antisickling properties (Igbal and Kazi, 1980). C. papaya
has also shown hypoglycaemic effects (Olagunju et al.,
1995).

C. citratus Staph belongs to the family Poaceae. It is
commonly known as lemon grass. It has a wide
application in the traditional medicinal practices in tropical
Africa (Tortoriello and Romero, 1992) with a
characteristic pleasant aroma in their herbal teas (Cheel
et al.,, 2005). The essential oil of C. citratus is docu-
mented to have antibacterial, as well as antifungal,
activity (Suhr and Nielsen, 2003). C. citratus is widely
used in Brazilian traditional medicine to ameliorate
nervous and gastrointestinal abnormalities (Melo et al.,
2001). A further study documented its use in Brazilian
folk medicine as a tea to relieve anxiety, and this was
shown by the activity of the essential oils in a mouse
model (Blanco et al., 2009).

C. limon L. Burm. f. belong to the family Rutaceae.
They have a characteristic spiny shoot and conspicuously
green leaves. The species is commonly used in Nigerian
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traditional practices to treat various ailments. P. guajava
L. belongs to the family Myrtaceae and is a native to
tropical America. In South Africa, infusions or decoctions
of these species are used traditionally to control or treat
ailments such as diabetes mellitus and hypertension (Oh
et al., 2005; Ojewole, 2005). The anti-inflammatory and
analgesic effects of this species have been reported
(Ojewole, 2006; Murugananda et al., 2001). In Brazil, the
ripe fruit, flowers and leaves are traditionally used as a
decoction to treat anorexia, cholera, diarrhea, digestive
problems, dysentery, gastric insufficiency, skin problems,
sore throat, ulcers, vaginal discharges and laryngitis
(Holetz et al., 2002; Cybele et al., 1995). In West Africa,
Latin America and the Caribbean, decoctions of these
species are used in the treatment of diarrhea and
problems associated with indigestion (Mitchell and
Ahmad, 2006b).

V. amygdalina Delile, commonly known as bitter leaf, is
a shrub or small tree belonging to the family Asteraceae.
V. amygdalina is a popular African vegetable which
grows in several parts of tropical and subtropical Africa
(Oleszek et al., 1995; Farombi, 2003; Erasto et al., 2006).
It is used to a large extent in tropical Africa for its culinary
and medicinal purposes, it is also used in the traditional
treatment of malaria, diabetes, diarrhea, veneral disease,
hepatitis, gastrointestinal problems, skin disorders,
cough, constipation and in the treatment of wounds
(Bullogh and Leary, 1982; Akah and Ekekwe, 1995; Igile
et al., 1995; John et al., 1995; Hamil et al., 2000; Otshudi
et al., 2000; Kambizi and Afolayan, 2001; Ajebesone and
Aina, 2004).

Traditionally, in Ethiopia the decoctions of V.
amygdalina are used to control tick in cattle (Regassa,
2000). It is also used as an anthelmintic by a good
percentage of livestock farmers in Nigeria (Nwude and
Ibrahim, 1980; Kudi and Myint, 1999). In southwestern
Uganda it is locally known as “omubirizi”, and is
traditionally used for analgesia and in the treatment of
malaria infections (Anoka et al., 2008). In Nigeria, it is
locally known as “ewuru” in Yoruba, “onugbu /olugbu” in
Igbo, and “shiwaka/chukwuaka” in Hausa (Ajebesone and
Aina, 2004; Igoli et al. 2005).

Further studies documented its use in various folk
medicines as an anthelmintic, antiprotozoal and
antibacterial agent (Burkill, 1985; Tadesse, et al., 1993;
Huffman et al., 1996a). The bitter pith from young shoots
of V. amygdalina helps in the control of intestinal
nematode infection when ingested by chimpanzees
(Huffman,  2003). Hypoglycemic, antineo-plastic,
antibacterial and antioxidant properties have been
reported (Akah and Okafor, 1992; Izevbigie et al., 2004;
Taiwo et al., 1999; lwalewa et al., 2003). V. amygdalina
has shown antiplasmodial properties (Masaba, 2000;
Abosi and Raseroka, 2003; Tona et al., 2004). However
in vitro antimalarial and cytotoxic properties with extracts
from these plants when used in combination have not

been reported.

MATERIALS AND METHODS
Collection of plants

Five plants, each from a different plant family, investigated in this
study are commonly used by traditional healers in the diverse
ethnic regions of Nigeria for the treatment of febrile illnesses and
related ailments. Fresh leaves of plants were collected in June and
identified by the Plant Science and Biotechnology Department of
Abia State University. Voucher specimens PM/ABSU/06-32,
PM/ABSU/06-52, PM/ABSU/06-63, PM/ABSU/06-72 and
PM/ABSU/06-82 of the plants C. limon, P. guajava, C. papaya, C.
citratus and V. amygdalina respectively were stored in the
herbarium of the Plant Science and Biotechnology Department for
future reference.

Plant extraction and preparation

The collected plants were air dried at ambient temperature (25 to
30°C) for 5 to 10 days. The dried plants samples were blended and
each plant was sequentially extracted using petroleum ether,
dichloromethane, ethyl acetate, methanol and water in accordance
with the increasing polarity of these solvents. Each plant was
exhaustively extracted in each of the five solvents. For a proper
mixing plant material and the solvent were continuously shaken on
a horizontal orbit shaker (Labcon, California, USA). The resultant
mixture was filtered and the filtrate concentrated under pressure in
a Buichi Rotavapor R-205 (Blchi Labortechnik AG Switzerland), at
24°C. Extracts were air dried in the hood and stored in - 20°C until
use.

Parasite

The asexual erythrocytic stages of parasites were maintained in a
continuous culture using a modified method of Trager and Jensen
(1976). The chloroquine sensitive strain (D10) which was used for
this experiment was donated by Dr A. Cowman, Walter and Eliza
Hall Institute of Medical Research, Melbourne, Australia while the
Chloroquine resistance strain (DD2) was derived from Indochina
(Wiesner et al., 2001).

In vitro antiplasmodial assay of individual extracts against P.
falciparum strains

The method used to measure parasite viability was the parasite
lactate dehydrogenase activity (pLDH) method of Makler et al.
(1993). Each extract was screened for in vitro antiplasmodial
activity using the chloroquine sensitive (CQS) D10 strain.
Antiplasmodial activities of extracts were investigated against the
chloroquine sensitive (CQS) and chloroquine resistant (CQR) strain
of P. falciparum. Extracts with in vitro activities of <10 pg/ml were
selected. A stock solution of 2 mg/ml of extract was prepared in
10% methanol (MeOH) (in deionised water). This was further
diluted in complete medium to attain a final concentration of 200
pg/ml and 1% MeOH. The stock solutions were prepared on the
assay day. Chloroquine (CQ) (Sigma) was used as the standard
reference drug (positive control). Two mg/ml stock of CQ (Sigma)
was constituted in deionised water and further diluted in complete
medium to a concentration of 200 ug/ml. Extracts were serially



diluted two-fold in complete medium up to a concentration of 0.195
pg/ml using a flat-bottomed 96-well microtitre plate (Greiner Bio-
One). CQ was taken as a positive control drug and was tested at a
starting concentration of 100 ng/ml or 1000 ng/ml for the sensitive
(D10) and resistant (DD2) strains of P. falciparum respectively.
Unparasitised erythrocyte (RBC) was added to column 1 (blank)
which had no drugs, while parasitized red blood cells (pPRBC) were
added to columns 2 to 12.

The plate was gassed for 2 min (93% Nz, 4% CO, and 3% O,)
and incubated for 48 h. A final hematocrit and parasitemia of 2%
was used for all experiments. Parasite growth in the wells
containing different concentrations of extract was compared to
control wells. The ICsy recorded in this study is the mean of 3
independent experiments.

Plate preparation for drug combination assay

The checkerboard method used in this combination experiment was
adapted from Berenbaum (1978). The in vitro combination studies
involved two extracts a and b. One extract (component a) with a
predetermined concentration needed to inhibit parasite growth by
50% (ICso) was kept constant, while the other extract also with a
pre-determined 1Cso (component b) was added at different
concentrations to determine the antiplasmodial effect of the two
extracts in combination.

The same experiment was repeated, this time with component b
constant while component a was varied. The combination
experiment used a 96-well microtitration plate. The control drug was
chloroquine. The first column was the blank with complete medium
and unparasitised erythrocytes (100 pl complete medium (CM)
+100 pl RBC), while the second column contained complete
medium with parasitized erythrocytes (100 ul CM + 100 pl pRBC).
The wells in columns 4 to 12 contained 100 pl of complete medium.
Wells in column 3 contained 100 pl of 50 ug/ml of component a in
CM, except for the first duplicate rows (3A and 3B) which had the
concentration of component a alone (200 pl).

The rest of the rows in duplicate (rows C to H) containing 100 pl
of CM received additional 100 pl aliquots of 50, 25 and 5% of the
ICsop of component b, respectively. Serial dilutions of these
concentrations were made from columns 3 to 12 using a
multichannel pipette with a volume of 100 pl transferred after
resuspending thoroughly. The last 100 pl from column 12 was
discarded. A volume of 100 pl pRBC was added to wells in columns
3 to 12 halving the drug concentrations. The final volume in each
well was 200 pl.

Plates were gassed for 2 min (93%N,, 4% CO. and 3% O;) and
incubated for 48 h, as carried out in the in vitro monotherapy
experiment. Viability of parasites was measured using the parasite
lactate dehydrogenase activity (pLDH) method of Makler et al.
(1993). Plates were developed, read and analyzed using the same
procedure as was carried out in the in vitro experiments with
individual extract.

Statistical analysis and data evaluation

To ascertain the absorbance of each well from the in vitro
antiplasmodial experiment, plates were read when the colour
changes from yellow to purple, using a microplate reader at 590
nm. The percentage parasite survival and the concentration that
inhibits the growth of parasites by 50% were determined by
measuring the conversion of NBT by P. falciparum. This was
achieved by analyzing the readings from the microplate reader
using Microsoft Excel® 2002, and the ICso value was determined
using a non-linear dose response curve fitting analysis in Graph
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Pad Prism version 4.

In vitro cytotoxicity assay

The cytotoxicity assay for extracts singly and when combined was
carried out using the modified method described by Mossman
(1983). The cell survival for each well was determined using a
microplate reader at 540 nm wavelength. The ICs values were
given as a mean of 3 independent experiments.

The formula used in calculating the sum of the fractional
inhibitory concentrations (FIC) is given below;

ICso (ug/ml) of extract (a) in combination

ICso (g/ml) of exiract (a) alone

+

ICso (g/ml) of extract (b) in combination
ICs0 (Lg/ml) of extract (b) alone

RESULTS AND DISCUSSION
In vitro antiplasmodial activity of extracts singly

The sequential extraction of each plant using the five
solvents gave rise to five extracts with antiplasmodial
activities as shown in Table 1. The chloroquine (CQ)
used during this experiment showed an ICsy of 8.55 +
2.81 ng/ml in the chloroquine sensitive (CQS) D10 strain
while the chloroquine resistant (CQR) DD2 strain showed
ICsp value of 98.5 £ 26.1 ng/ml.

With the exception of C. papaya which showed stron-
ger activity in ethyl acetate extract, all others showed
promising activity in the dichloromethane extracts. Poor
activity was recorded for the water extracts with [Cs
values >50ug/ml. A recent study reported the poor
activity exhibited by the aqueous extract of C. papaya
(Onaku et al. 2011) Similar results have been recorded in
a previous study with 14 plants (Irungu et al., 2007). Bhat
and Surolia (2001) recorded no activity of the water
extracts of C. papaya. The petroleum ether extracts of
the rind and pulp of the unripe fruit of C. papaya showed
ICso values of 15.19 pg/ml and 18.09 ug/ml respectively
against FCK 2 (a local strain of P. falciparum from
Karnataka state, India) (Bhat and Surolia, 2001). Their
findings with petroleum ether extract compares well to the
activity of petroleum ether extract from the present study
(Table 1). Previous studies reported that compounds
isolated from the methanol and ethanol fractions of C.
papaya seeds (MCP1 and ECPI), respectively showed
contraceptive activities in male albino rats (Nirmal et al.,
2005). C. papaya ameliorates vaginal disturbances due
to Trichomonas vaginalis (Calzada et al., 2007). It has
been reported to show anti-inflammatory and immuno-
modulatory properties (Mojica-Henshaw et al., 2003).
Previous studies have shown the potency and cost
effectiveness of the fruit when applied topically in the
treatment of chronic ulcers in Jamaica (Hewitt et al.,
2002). Another study reported the use of the fruit from
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Table 1. The in vitro antiplasmodial activity of the five plants extracted with the various solvents using

the CQS D10 strain.

Plant botanical PET DCM EA MEOH H.0
name 1Cs0 pg/ml 1C50 pg/ml ICsopg/ml IG5 pg/ml 1Cso pg/ml
C. limon 37.2 5.0 >50.0 12.0 >50.0
P. guajava 15.5 6.0 21.6 >50.0 >50.0
C. papaya 16.4 12.8 2.6 10.8 >50.0
C. citratus 9.1 7.6 12.1 15.9 >50.0
V. amygdalina 14.2 4.1 10.7 >50.0 >50.0

PET= petroleum ether; DCM=dichloromethane; EA= ethyl acetate; MEOH= methanol; H,O= water

this species in the treatment of burns, as investigated
using a mouse model (Gurung and Skalko-Basnet, 2009).
P. guajava is commonly used to treat malaria and
diarrhea in Nigeria. The aqueous stem bark of this plant
showed ICso values of 10 to 20 pg/ml against the D10
strain of P. falciparum (Nundkumar and Ojewole, 2002).
In the present study, the activity of this plant in the
petroleum ether, dichloromethane and ethyl acetate
extracts were found to be 15.5, 6.0l, and 21.6 ug/ml,
respectively (Table 1).

Previous studies reported that P. guajava species have
promising antibacterial, antimicrobial (Coutino et al.,
2001, Arima and Danno, 2002; Chah et al., 2006), and
antifungal activity against Arthrinium sacchari M001 and
Chaetomiu funicola M002 strains (Sato et al., 2000). Its
potency against Propionibacterium acnes has also been
reported (Qadan et al., 2005). The work of Mukhtar et al.
(2004) has shown the potent hypoglycaemic activity of
the water extract at a dose of 250 mg/kg. Anti-diabetic
activity of ethanol fractions of this species has been
reported in a further study (Mukhtar et al. 2006). Other
researchers previously reported the hypoglycaemic
activity in mice and humans (Cheng and Yang, 1983). An
anti-hyperglycemic effect of the butanol-soluble fraction
from P. guajava leaves was shown in mouse models with
type 2 diabetes (Oh et al., 2005). P. guajava has shown
antiplasmodial properties (Nundkumar and Ojewole,
2002).

In the present study, stronger antiplasmodial activities
with 1Css of <10 pg/ml were seen mostly in the
dichloromethane extracts, except C. papaya which
showed the highest activity in the ethyl acetate fraction.
The greater activity in the dichloromethane and ethyl
acetate extracts suggests the presence of active lipophilic
agents.

The high activity recorded in the dichloromethane
(DCM) extracts over extracts from other solvents, like
water and methanol, was also reported by Koch et al.
(2005). This activity could be traceable to the absence of
tannins, polysaccharides and other water- soluble mole-

cules which do not have antiplasmodial properties. This
may help explain the inability of these polar solvents to
effectively extract the active lipophilic constituents from
these plants. The essential oils from C. citratus have
demonstrated antioxidant and radical scavenger
properties (Menut et al., 2000).

The chloroform/ethanol extract of Vernonia species
recorded 57.9% growth inhibition of malaria parasites in
vitro (Bidla et al., 2004). Vernonia amygdalina in this
study showed ICs, values of 3.98 + 1.21 ug/ml and 4.12 +
0.39 pg/ml against the D10 and DD2 strains, respectively
in the dichloromethane (DCM) extracts. This correlates
well with the activity of V. colorata Drake, V. myriantha
Hook.f. and V. oligocephala Gardner naturalized in South
Africa which showed ICs, values of 4.7, 3.0 and 3.5
ug/ml, respectively against D10 (Clarkson et al., 2004). V.
amygdalina leaves have previously been reported to
show in vitro antiplasmodial activity (Masaba, 2000;
Alawa et al., 2003; Tona et al., 2004). These reports
further emphasize the antimalarial potential of Vernonia
species. The hexane extract of C. limon was active
against Trichophyton mentagrophytes and Microsporum
canis (Johann et al., 2007). Previous studies on the
flavonoids from Citrus species have described their anti-
hemorroidal, anti-oxidant, anti-inflammatory and anti-lipid
peroxidation properties (Galley and Thillet, 1993). The oil
extracted from C. limon effectively killed mosquito larvae
(Zayed et al., 2009). It has been recorded that most of
the natural limonoids are from citrus plants of the family
Rutaceae (Ohta et al., 1992). Further studies reported
that limonin and nomilin are the most abundant Citrus
limonoids and have shown anti-carcinogenic properties in
rodent models (Karim and Hashinaga, 2002; Kelly et al.,
2003). We are yet to come across literature data on the
antiplasmodial properties of C. limon.

The ICs values of the five selected extracts which had
ICs0 <10 pg/ml compare favourably with those reported
for extracts of Artemisia annua (3.9 pg/ml) and
Azadirachta indica (10 pg/ml), against P. falciparum
(Maria do Ceu et al., 2002). Methanol, as well as
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Table 2. In vitro antimalarial activity of the selected extracts on Plasmodium falciparum cultures and toxicity towards the

CHO cell line.
' IC, D10 ICxDD2 _ ICs CHO
Sxt“r‘;it Drug  Solvent ) o o) (S)D10  (S)DD2  RI
C. limon DCM 501:032 599:039 2474294  49.30 4123 119
P. guajava DCM 338+116 460+1.00 8564+214 2533 1861  1.36
C. papaya EA 296+014 398+042 73784028 24925 18537  1.34
C. citratus DCM 6.85+056 944+102 3314070 4832 3506  1.37
V. amygdalina  DCM 398+121 4124039 3854+097  9.68 935  1.03

ICs0 values are given as the mean of three independent experiments. Key: DCM = Dichloromethane EA = Ethyl acetate, Sl =
selectivity index=Cytotoxic antiplasmodial ratio (IC50 CHO/ICs, P.falciparum, Rl = Resistance index=1Cso, DD2/IC50 D10, CHO

= Chinese Hamster Ovarian cell line.

petroleum ether, extracts recorded activities of >10 pug/ml
in most of the plants. In the present study, work with
extracts with IG5y 210 was not taken further. Cytotoxic
activities of selected extracts were determined on
Chinese Hamster Ovarian (CHO) cells (Table 2). The in
vitro antiplasmodial activity of the DCM extract of C.
citratus was not significantly different from C. limon DCM
extract. Similarly, there was no significant diffe-rence
between the in vitro antiplasmodial activities of the DCM
extracts of V. amygdalina and P. guajava. The strongest
antiplasmodial activity was observed in C. papaya ethyl
acetate extract, which also recorded a good selectivity
index to the D10 and DD2 strains of Plasmodium parasite
(Table 2).

In vitro antiplasmodial
combination

activity of extracts in

Combination therapy, which has been a strategy appro-
ved for other multidrug resistance infections such as HIV
and tuberculosis, is widely recommended for malaria
treatment (White, 1998; WHO, 2001). Over the past
decades combination therapy has gradually replaced
single drug treatment due to the rapid spread of drug
resistance by Plasmodium parasites globally (Martinelli et
al., 2008). Recently, artemisinin combination therapy
(ACT) has been the main therapeutic treatment for
malaria, but has been met with treatment failures in some
regions. This emphasizes the urgent need for the
development of new drugs and combination treatments.
Work done by Iwalokun (2008) showed that V.
amygdalina dose dependently enhanced the efficacy of
CQ against P. berghei. This suggests that extracts of
plant species may be good candidates in fighting
resistance by parasites. In this study, five extracts
selected from five different plants were investigated for
antiplasmodial activity when combined. Several com-
binations of these plants were tested and this was
confined to combinations of two extracts (Table 3). Each

combination was tested with one component being kept
constant while the other is varied and vice versa. Some
combinations such as that in C. Papaya + C. citratus and
C. limon + P. guajava do not show significant differences
in their activity when either extract was kept constant and
the other varied at different concentrations. This suggests
that their activities were not dose dependent.
Combinations of P. guajava + V. amygdalina showed
no enhancement of the activity of either component in
combination. However significant enhancement of activity
was observed between the extracts C. papaya + C. limon
as well as C. papaya + P. guava. This suggests that
some of the components in this combination may have
acted synergistically (Berenbaum, 1978). In most cases
increased activity was noted whenever C. papaya ethyl
acetate extract was one of the components used in
combination. The increase in activity tends to be more
obvious whenever the C. papaya ethyl acetate was kept
constant and the other component varied (Table 3). In
this work in vitro antiplasmodial activities of <10 ug/ml
were chosen for further investigation hence, combina-
tions with activities < 10 ug/ml were further tested against
CQS (D10) and CQR strain (DD2) (Table 4). The results
given are the mean of three independent experiments.
The activities of these combinations showed no
significant difference in the D10 and DD2 strains of P.
falciparum, and the combinations were not cytotoxic to
the CHO cell lines at the concentrations tested (Table 4).
Seven combinations showed promising in vitro anti-
plasmodial and cytotoxic activities. The strongest activity
was recorded in the combination of the ethyl acetate
fraction of C. papaya and the dichloromethane fraction of
C. limon. This combination was not cytotoxic to the CHO
cell lines and had a high selectivity index (Table 4). In
order to ascertain the relationships between the selected
combinations, their fractional inhibitory concentrations
(FIC) were determined (Table 5) as described by
Berenbaum (1978). This method was used initially for
studying drug interactions with bacteria (Hall et al., 1993).
However, the principles are easily applied to P.
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Table 3. ICso values (ug/ml) of two extracts in combination (a+b) when extract a is kept constant while
extract b is the variable component using CQS D10 strain of P. falciparium.

Combination of extract a + extract b 50%a + 50%b 50%a + 25%b  50%a + 5%b
C. limon + P. guajava 3.39 3.91 417
P. guajava + C. limon 3.09 4.89 6.76
C. limon + C. papaya 2.73 4.47 4.4
C. papaya + C. limon 1.83 2.28 2.65
C. limon + C. citratus 4.22 5.62 6.02
C. citratus + C. limon 6.6 8.1 11.4
C. limon + V. amygdalina 24.26 25.17 30.83
V. amygdalina + C. limon 17.03 13.5 19.01
P. guajava + C. papaya 2.72 39.90 48.30
C. Papaya + P. guajava 2.31 2.59 6.32
P. guajava + C. citratus 9.68 10.02 10.23
C. citratus + P. guajava 6.08 10.30 13.89
P.guajava + V. amygdalina >50 >50 >50
V. amygdalina + P. guajava 43.35 44.05 >50
C. Papaya + C. citratus 3.01 3.8 3.98
C. Citratus + C. Papaya 4.07 4.51 4.46
C. Papaya + V. amygdalina 8.87 15.84 16.03
V. amygdalina + C. Papaya 4.42 8.74 23.01
C. citratus + V. amygdalina 7.23 6.82 10.37
V. amygdalina + C. citratus 9.1 9.5 11.2

Table 4. In vitro activity of selected combination of crude extracts on Plasmodium falciparum D10
and DD2 strains and toxicity towards Chinese Hamster Ovarian (CHO) cell lines.

Extract a+b D10 ICso DD2 ICs CHO ICso S|
Each at 50 pg/ml (ug/ml) (ng/ml) (ng/ml)

C. limon +P. guajava 3.39+1.85 3.78 £0.95 82.60 24.32
C. Papaya +C. limon 0.83 £0.56 0.86 £ 0.62 >100 ND
C.Papaya + P. guajava 3.71+0.22 4.02+1.12 >100 ND
C. Papaya + C. citratus 3.01 £0.55 2.95+0.78 >100 ND
C. limon +C. citratus 5.01 £1.21 4.98 +1.86 >100 ND
C. citratus + P. guajava 5.01£0.74 5.28 +1.03 >100 ND
C.citratus + V. amygdalina 443 £0.21 3.82+£0.72 >100 ND

NB a+b = extract a combined with extract b, ICsy values are given as the mean of 3 independent
experiments. ND= Not determined. In this study the extract of interest for C. papaya which is the ethyl
acetate extract, while dichloromethane was the extract of interest for the remaining four plants

falciparum (Fivelman et al., 2004). It has been further
explored by other researchers including Canfield et al.
(1995) and Fivelman et al. (2004)). The extracts whose
activity was significantly enhanced in the combination
experiment showed an FIC value of 0.76 (Table 5). This
was recorded in the combination between the ethyl
acetate extract of C. papaya and the dichloromethane
extract of C. limon. When the sum of the FIC valuesis
less than 0.5 this indicates a clear case of synergism

while values between 1 and 0.5 indicate a low grade
synergism (Gupta et al., 2002). Values between 0.5 and
2 are generally regarded as indeterminate, while those
above 2 indicate anta-gonism (Gupta et al., 2002).

FIC values for the seven most active combinations
are shown in Table 5. The combination between the
ethyl acetate extract of C. papaya and the
dichloromethane extract of C. limon is tending towards
synergism while the others show either an antagonistic or
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Table 5. The selected combinations and their effect when extract a is kept constant using the D10

chloroquine sensitive strain.

Combination a+b ICso of (a) in combination 1Cs of (b) in combination FIC value
C. limon + P. guajava 3.39 4.97 1.99
C. papaya + C. limon 0.83 2.43 0.76
C.papaya + P. guajava 3.71 3.82 2.39
C. papaya + C. citratus 3.01 3.87 1.56
C. limon + C. citratus 5.01 5.63 1.85
C. citratus + P. guajava 5.01 6.26 2.58
C.citratus + V. amygdalina 4.43 9.61 3.09

indifferent effect

Conclusion

Of the plants investigated in this study, seven combina-
tions showed promising antiplasmodial properties.The
strongest activity was recorded in the combination of the
ethyl acetate fraction of C. papaya and the dichloro-
methane fraction of C. limon. There was an enhancement
of activity whenever C. papaya ethyl acetate is one of the
extracts tested in combination. The fractional inhibitory
concentration (FIC) of 0.76 recorded between the ethyl
acetate extract of C. papaya and the DCM extract of C.
limon suggests that, the components of these extracts
may have acted synergistically. It is therefore recom-
mended that researchers should exhaustively explore the
in vitro properties of extracts in combination since it has
the potentials of enhancing their therapeutic efficacy.

ACKNOWLEDGEMENTS

The financial support of the University of Cape Town and
the Medical Research Council of South Africa is gratefully
acknowledged.

REFERENCES

Abosi AO, Raseroka BH (2003). In vivo antimalarial activity of Vernonia
amygdalina. Br. J. Med. Sci. 60:89-91.

Ajebesone PE, Aina JO (2004). Potential African substitutes for hops in
tropical beer brewing. J. Food Tech. Afr. 9:13-16.

Akah PA, Ekekwe RK (1995). Ethnopharmacology of some Asterceae
family used in Nigerian traditional medicine. Fitoterapia 66:351-355.
Akah PA, Okafor Cl (1992). Hypoglycaemia effect of Vernonia

amygdalina in experimental rabbits. Plant Med. Res. 1:6-10.

Alawa CB, Adamu AM, Gefu JO, Ajanusi OJ, Abdu PA, Chiezey NP,
Alawa JN, Bowman DD (2003). In vitro screening of two Nigerian
medicinal plants (Vernonia amygdalina and Annona senegalensis) for
anthelminthic activity. Vet. Parasitol. 113:73-81.

Anderson TJ, Nair S, Nkhoma S, Willims JT, Imwong M, Yi P, Socheat
D, Das D, Chotivanich K, Day NP, White NJ, Dondorp AM (2010).
High heritability of malaria parasite clearance rate indicates a genetic

basis for artemisinin resistance in western Cambodia. J. Infect. Dis.
1(201):1326-30.

Angioni A, Barra A, Coroneo, V, Dessi S, Cabras P. (2006). Chemical
composition, seasonal variability and antifungal activity of Lavandula
stoechas L. ssp. stoechas essential oils from stem/leaves and
flowers. J. Agric. Food Chem. 54:4364-4370.

Anoka AN, Bulus A, Amon GA, Dominic B, Silvia DL, David RB. (2008).
The analgesic and antiplasmodial activities and toxicology of
Vernonia amygdalina. J. Med. Food 11:574-581.

Berenbaum MC (1978). A method for testing for synergy with any
number of agents. J. Infect. Dis. 137:122-130.

Bethell D, Se Y, Lon C, Tyner S, Saunders D, Sriwichai S, Darapiseth
S, Teja-Isavadharm P, Khemawoot P, Schaecher K, Ruttvisutinunt
W, Lin J, Kuntawungin W, Gosi P, Timmermans A, Smith B, Socheat
D, Fukuda MM (2011). Artesunate dose escalation for the treatment
of uncomplicated malaria in a region of reported artemisinin
resistance: a randomized clinical trial. Epub ; PLoS One. 6(5):
e19283.

Bhat PG, Surolia N (2001). In vitro antimalarial activity of extracts of
three plants used in the traditional medicine of India. Am J. Trop.
Med. Hyg. 65:304-308.

Bidla G, Titanji VPK, Jako B, Ghazali GE, Bolad A, Berzins K (2004).
Antiplasmodial activity of seven plants used in African folk medicine.
Indian J. Pharmacol. 36:245-246.

Bullogh CHW, Leary WP (1982). Herbal medicines used by traditional
birth attendants in Malawi. Trop. Geogr. Med. 34:81-85.

Burkill HM (1985). The Useful Plants of West Tropical Africa. 2" edition.
Royal Botanical Gardens. Vol. 1.

Calzada F, Yepez-Mulia L, Tapia-Contreras A (2007). Effect of Mexican
medicinal plant used to treat trichomoniasis on Trichomonas vaginalis
trophozoites. J. Ethnopharmacol. 113:248-251.

Canfield CJ, Pudney M, Gutteridge WE (1995). Interactions of
atovaquone with other antimalarial drugs against Plasmodium
falciparum in vitro. Exp. Parasitol. 80:373-381.

Chah KF, Eze CA, Emuelosi CE, Esimone CO (2006). Antibacterial and
wound healing properties of methanolic extracts of some Nigerian
medicinal plants. J. Ethnopharmacol. 104:164-167.

Cheel J, Theoduloz C, Rodriguez J, Schmeda-Hirshmann G (2005).
Free radical scavengers and antioxidants from Lemongrass
(Cymbopogon citratus). J. Agric. Food Chem. 53:2511-2517.

Cheng JT, Yang RS (1983). Hypoglycemic effect of guava juice in mice
and human subjects. Am. J. Chin. Med. 11:74-76.

Clarkson C, Maharaj V, Crouch NR, Olwem MG, Pillay P, Matsabisa
GM, Bhagwadin N, Smith PJ, Folb Pl (2004). In vivo antiplasmodial
activity of medicinal plants native to or naturalised in South Africa. J.
Ethnopharmacol. 92:177-191.

Coutino RR, Hernandez CP, Giles RH (2001). Lectins in fruits having
gastrointestinal activity: their participation in the hemagglutinating
property of Escherichia coliO157:H7. Arch. Med. Res. 32:251-257.

Cybele E, Almeida MGO, Karnikowski RF, Baldisserotto B (1995).
Analysis of antidiarrhoeic effect of plants used in popular medicine.
Revista de Saude Publica 29:56-59.



5778 J. Med. Plants Res.

Dondorp AM, Nosten F, Yi P, Das D, Phyo AP, Tarning J, Lwin KM,
Ariey F, Hanpithakpong, W, Lee, S.J, Ringwald, P, Silamut, K,
Imwong, M, Chotivanich K, Lim P, Herdman T, An SS, Yeung S,
Singhasivanon P, Day NP, Lindegardh N, Socheat D, White NJ
(2009). Artemisinin resistance in Plasmodium falciparum malaria. N.
Engl. J. Med. 361(5):455-467.

Emeruwa AC (1982). Antimicrobial substance from Carica papaya fruit
extract, J. Nat. Prod. 45:123-127.

Erasto P, Grierson DS, Afolayan AJ (2006). Bioactive sesquiterpene
lactones from the leaves of Vernonia amygdalina. J. Ethnopharmacol.
106:117-120.

Farombi EO (2003). African indigenous plants with chemotherapeutic
potentials and biotechnological approach to the production of
bioactive prophylactic agents. Afr. J. Biotechnol. 2:662-671.

Fivelman QL, Adagu IS, Warhurst DC (2004). Modified fixed-ratio
isobologram method for studying in vitro interactions between
atovaquone and proguanil or dihydroartemisinin against drug
resistant strains of Plasmodium falciparum. Antimicrob. Agents
Chemother. 48:4097-4102.

Galley P, Thiollet MA (1993). A double-blind placebo controlled trial of a
new veno-active flavonoid fraction in the treatment of symptomatic
capillary fragility. Int. Angiol. 12:69-72.

Gupta S, Thapar MM, Mariga ST, Wernsdorfer WH, Bjérkman A (2002).
Plasmodium falciparum: in vitro interactions of artemisinin with
amodiaquine, pyronaridine, and chloroquine. Exp. Parasitol. 100:28-
35.

Gurung S, Skalko-Basnet N (2009). Wound healing properties of Carica
papaya latex: In vivo evaluation in mice burn model. J.
Ethnopharmacol. 121:338-341.

Hall MJ, Middleton RF, Wesmacott D (1983). The fractional inhibitory
concentration (FIC) index as a measure of synergy. Antimicrob.
Agents Chemother. 11:427-433.

Hamil FA, Apio S, Mubiro NK, Mosango M, Bukenya-Ziraba, R, Maganyi
OW, Soejarto DD (2000). Traditional herbal drugs of Southern
Uganda. J. Ethnopharmacol. 70:281-300.

Hewitt H, Whittle S, Lopez S, Bailey E, Weaver S (2002). Topical use of
Papaya in chronic skin ulcer therapy in Jamaica W. Indian Med. J.
49:32-33.

Holetz FB, Pessini GL, Sanches NR, Cortez DA, Nakamura CV, Filho
BP (2002). Screening of some plants used in the Brazilian folk
medicine for the treatment of infectious diseases. Memorias do
Instituto Oswaldo Cruz 97:1027-1031.

Huffman MA (2003). Animal self medication and ethnomedicine
exploration and exploitation of medicinal properties of plant. Proc.
Nutr. Soc. 62:371-381.

Huffman MA, Koshimizu K, Ohigashi H (1996a). Ethnobotany and
zoopharmacognosy of Vernonia amygdalina, a medicinal plant used
by humans and chimpanzees. Biol. Utiliz. 2:351-360.

Igbal T, Kazi GH (1980). Amino acid and protein hydrolysates of some
lentils of common use. J. Am. Chem. Soc. 2:61-66.

Igile GO, Oleszek W, Jurzystal M, Aquino R, de Tommasi N, Pizza C.
(1995). Vernosides D and E, two novel saponins from Vernonia
amygdalina. J. Natural Prod. 58:1438-1443.

Igoli JO, Ogaiji OG, Tor-Anyiin, TA, Igoli NP (2005). Traditional medicine
practice amongst the Igede people of Nigeria Part Il. Afr. J. Tradit.
Complem. Altern. Med. 2:134-152.

Irungu BN, Rukunga GM, Mungai GM, Muthaura CN (2007). In vitro
antiplasmodial and cytotoxicity activities of 14 medicinal plants from
Kenya. S. Afr. J. Bot. 73:204-207.

lwalewa EO, Iwalewa OJ, Adeboye JO (2003). Analgesic, antipyretic,
anti-inflammatory effects of methanol, chloroform and ether extracts
of Vernonia cinerea less leaf. J. Ethnopharmacol. 86:229-234.

Izevbigie EB, Bryant JL, Walker A (2004). A novel natural inhibitor of
extracellular signal — regulated kinases and human breast cancer cell
growth. Exp. Biol. Med. 229:163-169.

Johann S, de Oliveira VL, Pizzolatti MG, Schripsema J, Braz-Filho R,
Branco A, Smania Jr. A (2007). Antimicrobial activity of wax and
hexane extracts from Citrus species peels. Memérias do Instituto
Oswaldo Cruz Rio de Janeiro 102:681-685.

John T, Faubert GM, Kokwaro, JO, Mahunnah RLA, Kimanani, EK

(1995). Anti-giardial activity of gastrointestinal remedies of the Luo of
East Africa. J. Ethnopharmacol. 46:17-23.

Kambizi L, Afolayan AJ (2001). An ethnobotanical study of plants used
for the treatment of sexually transmitted disease. J. Ethnopharmacol.
77:5-9.

Karim MR, Hashinaga F (2002). Isolation and characterization of
limonoid glucosyltransferase from Pummelo albedo tissue. Food
Chem. 76:431-436.

Kelly C, Jewell C, OBrien NM (2003). The effect of dietary
supplementation with the citrus limonoids, limonin and nomilin on
xenobiotic-metabolizing enzymes in the liver and small intestine of
the rat. Nutr. Res. 23:681-690.

Koch A, Tamez P, Pezzuto J, Soejarto D (2005). Evaluation of plants
used for antimalarial treatment by Maasai of Kenya, J.
Ethnophamacol. 101:95-99.

Kudi AC, Myint SH (1999). Antiviral activity of some Nigerian medicinal
plant extracts. J. Ethnopharmacol. 68:289-294.

Lin JT, Bethell D, Tyner SD, Lon C, Shah NK, Saunders DL, Sriwichai
S, Khemawoot P, Kuntawunggin W, Smith BL, Noedl H, Schaecher
K, Socheat D, Se Y, Meshnick SR, Fukuda MM (2011). Plasmodium
falciparum gametocyte carriage is associated with subsequent
Plasmodium vivax relapse after treatment. PLoS One 6(4):e18716.

Makler MT, Ries JM, Williams JA, Bancroft JE, Piper RC, Gibbins BL,
Hinrichs DJ (1993). Parasite lactate dehydrogenase as an assay for
Plasmodium falciparum drug sensitivity. Am. Soc. Trop. Med. Hyg.
48:739-741.

Maria do Ceu de M, Martins AP, Gomes M, Paira J, Prorerica da Cunha
A, Virgilio do R (2002). Antimalarial activity of medicinal plants used
in traditional medicine in S. Tome and Principle Island. J.
Ethnopharmacol. 81:23-29.

Martinelli A, Moreira R, Cravo PVL (2008). Malaria combination
therapies: Advantages and shortcomings. Mini-Rev. Med. Chem.
pp.201-212.

Masaba SC (2000). The antimalarial activity of Vernonia amygdalina
Del. T. R. Soc. Trop. Med. Hyg. 94:694-695.

Massotti V. Juteau F, Bessiere JM, Viano J (2003). Seasonal and
phenological variations of the essential oil from narrow endemic
species Artemisia molinieri and biological activities. J. Agric. Food
Chem. 51:7115-7121.

Melissa R, Van D, Bruno DFH, Maaike W, Van D, Ben van S, Geert-dan
van G, Robert WS, Maria MM, Andrew PW, Chris JJ (2005).
Genetically attenuated, P36p-deficient malarial sporozoites induce
protective immunity and apoptosis of infected liver cells. Proc. Natl.
Acad. Sci. 102(34):12194-12199.

Melo SdeF, Soares SF, da Costa RF, da Silva CR, de Oliveira MBN,
Bezerra RJAC de-Araujo Filho MB. (2001). Effect of the Cymbopogon
citratus, Maytenus ilicifolia and Baccharis genistelloides extracts
against the stannous chloride oxidative damage in Escherichia coli.
Mutat. Res. 496:33-38.

Menut C, Bessiere JM, Samate D, Djibo AK, Buchbauer G, Schopper B
(2000). Aromatic plants of tropical West Africa, XI. Chemical
composition, antioxidant, and antiradical properties of essential oils of
three Cymbopogon species from Burkina Faso. J. Essent. Oil Res.
12(2):207-212.

Mitchell SA, Ahmad MH (2006b). Protecting our medicinal plant
heritage: the making of a new national treasure. Jamaica J. 29:28-33.

Mojica-Henshaw MP, Francisco AD, De Guzman F, Tingo XT (2003).
Possible Immunomodulatory actions of Carica papaya seed extract.
Clin. Hemorheol. Micro. 29:219-229.

Mossman T (1983). Rapid colorimetric assay for cellular growth and
survival: Application to proliferation and cytotoxicity assays. J.
Immunol. Methods 65:55-63.

Mueller AK, Nelly C, Karine K, Cathy A, Ute F, Kai M, Stefefan HIK
(2005). Plasmodium liver stage developmental arrest by depletion of
a protein at the parasite-host interface. Proc. Natl. Acad. Sci. USA
102(8):3022-3027.

Mukhtar HM, Ansari SH, Ali M, Naved T, Bhat ZA (2004). Effect of water
extract of Psidium guajava on alloxan-induced diabetic rats.
Pharmazie 59:734-735.

Mukhtar HM, Ansari SH, Ali M, Naved T, Singh P (2006). Antidiabetic



activity of an ethanol extract obtained from the stem bark of Psidium
guajava (Myrtaceae). Pharmazie 61:725-727.

Murray S (2006). Taking away the sting of malaria. Can. Med. Assoc. J.
174(2):161-162.

Murugananda S, Srinivasan K, Tandan SK, Jawahar L, suresh C,
Raviprakash V (2001). Anti-inflammatory and analgesic activities of
some medicinal plants. J. Med. Arom. Plant Sci. 22:56-58

Nirmal Kl, Mishra PK, Pathak N, Manivannan B, Bhande SS,
Panneerdoss S, Sriram S (2005). Efficacy trial on the purified
compounds of the seeds of Carica papaya for male contraception in
albino rat. Reprod. Toxicol. 20:135-148.

Noedl H, Se Y, Schaecher K, Smith BL, Socheat D, Fukuda MM.
(2008). Evidence of Artemisinin Resistance malaria in western
Cambodia 1 (ARC1) Study Consortium. N. Engl. J. Med.
359(24):2619-20.

Nwude N, lbrahim MA (1980). Plants used in traditional veterinary
practice in Nigeria. J. Pharmacol. Exp. Ther. 3:261-273.

Oh WK, Lee CH, Lee MS, Bae EY, Sohn CB, Oh H, Kim BY, Ahn JS
(2005). Antidiabetic effects of extracts from Psidium guajava. J.
Ethnopharmacol. 96:411-415.

Ohta H, Berhow M, Bennett RD, Hasegawa S (1992). Limonoids in
seeds of Citrus hanaju. Phytochemistry 31:3905-3907.

Ojewole JA (2005). Hypoglycemic and hypotensive effects of Psidium
guajava Linn. (Myrtaceae) leaf aqueous extract. Methods Findings
Exp. Clin. Pharmacol. 27:689-695.

Ojewole JA (2006). Anti-inflammatory and analgesic effects of Psidium
guajava Linn. (Myrtaceae) leaf aqueous extract in rats and mice.
Method Find. Exp. Clin. Pharmacol. 28:441-446.

Okokon JE, Udokpoh AE, Antia BS (2007). Antimalaria activity of
ethanolic extract of Tetrapleura tetraptera fruit. J. Ethnopharmacol.
111:537-540.

Olagunju JA, Ogunlana CO, Gbile Z (1995). Prelimnary studies on the
hypoglycaemic activity of ethanolic extract of unripe, mature fruits of
pawpaw. Nig. J. Biochem. Mol. Biol. 10:21-23.

Oleszek W, Igile G, Burda S, Jurzysta M (1995). Nutritional assessment
of Vernonia amygdalina leaves in growing mice. J. Agr. Food Chem.
4:2162-2166.

Onaku LO, Attama AA, Okore VC, Tijani AY, Ngene AA, Esimone CO
(2011). Antagonistic antimalarial properties of pawpaw leaf aqueous
extract in combination with artesunic acid in Plasmodium berghei-
infected mice. J. Vector Dis. 48:96-100.

Otshudi Al, Vercruysse A, Foriers A (2000). Contribution of the
ethnobotanical, phytochemical and pharmacological studies of
traditionally used medicinal plants in the treatment of dysentery and
diarrhea in Lomel area, Democratic Republic of Congo. J.
Ethnopharmacol. 71:411-423.

Philippe G, De Mol P, Angenot L, Tits M, Frederich M (2007). In vivo
antimalarial activity of isosungucine, an inolomonoterpenic alkaloid
from Strychnos icaja. Planta Med. 73:478-479.

Prudencio M, Rodriguez A, Mota MM (2006). The silent path to
thousands of merozoites: the plasmodium liver stage. Nat. Rev.
Microbiol. 4:84-856.

Qadan F, Thewaini AJ, Ali DA, Afifi R, Elkhawad A, Matalka KZ (2005).
The antimicrobial activities of Psidium guajava and Juglans regia leaf
extracts to acne-developing organisms. Am. J. Chin. Med. 33:197-
204.

Regassa A (2000). The use of herbal preparations for tick control in
western Ethiopia. J. S. Afr. Vet. Assoc. 71:240- 243.

Saidu K, Onah J, Orisadipe A, Olusola A, Wambebe C, Gamaniel K
(2000). Antiplasmodial, analgesic, and anti-inflammatory ativites of
the aqueous extract of the stem bark of Erythrina senegalensis. J.
Ethnopharmacol. 71:275-280.

Melariri et al. 5779

Sato J, Goto K, Nanjo F, Hawai S, Murata K (2000). Antifungal activity
of plant extracts against Arthrinium sacchari and Chaetomium
funicola. J. Biochem. Eng. Sci. 90:442-446.

Scholte EJ, Knols BGJ Takken W (2006). Infection of the malaria
mosquito Anopheles gambiae with the entomopathogenic fungus
Metarhizium anisopliae reduces blood feeding and fecundity. J.
Invertebr. Pathol. 91:43-49.

Snow RW, Guerra CA, Noor AM, Myint HY, Hay Sl (2005). The global
distribution of clinical episodes of Plasmodium falciparum malaria.
Nat. 434:214-217.

Suhr KI, Nielsen PV (2003). Antifungal activity of essential oils
evaluated by two different application techniques against rye bread
spoilage fungi. J. Appl. Microbiol. 94:665-674.

Tadesse A, Gebre-Hiwot A, Asres K, Djote M, Frommel D (1993). The
in vitro activity of Vernonia amygdalina on Leishmania ethiopica.
Ethiopian Med. J. 31:183-189.

Taiwo O, Xu HX, Lee SF (1999). Antibacterial activities of extracts from
Nigerian chewing sticks. Phytother. Res. 8:675-679.

Talisuna AO, Langi P, Mutabingwa TK, Van Marck E, Speybroeck N,
Egwang TG, Watkins WW, Hastings IM, D'Alessandro U (2003).
Intensity of transmission and spread of gene mutations linked to
chloroquine and sulphadoxine-pyrimethamine  resistance in
falciparum malaria. Int. J. Parasitol. 33:1051-1058.

Thanh NV, Cowman AF, Hipgrave D, Kim, TB, Phuc, BQ, Cong LD,
Biggs BA (2009). Assessment of susceptibility of Plasmodium
falciparum to chloroquine, quinine, mefloquine, sulfadoxine-
pyrimethamine and artemisinin in southern Viet Nam. Trans. R. Soc.
Trop. Med. Hyg. 95:513-517.

Tona L, Cimanga RK, Mesia K, Musuamba CT, de Bruyne T, Apers S,
Hernans N, Van Miert S, Pieters L, Totte J, Vlientinck AJ (2004). In
vifro antiplasmodial activity of extracts and fractions from seven
medicinal plants used in the Democratic Republic of Congo. J.
Ethnopharmacol. 93:27-32.

Tortoriello J, Romero O (1992). Plants used by Mexican traditional
medicine with presumable sedative properties: an ethnobotanical
approach. Arch. Med. Res. 23:111-116.

Trager W, Jensen JB (1976). Human malaria parasites in continuous
culture. Science 193:673-675.

White NJ (1998). Preventing antimalarial drug resistance through
combinations. Drug Resistance Updates 1:3-9.

Wiesner J, Mitsch A, Wiuner MP, Jomaa H, Schlitzer M (2001).
Structure-activity relationships of novel anti-malarial agents. Part 2:
Cinnamic acid derivatives. Bioorgan. Med. Chem. Lett. 11:423-424.

Willcox ML, Rakotondrazafy E, Andriamanalimanana R, Andrianasolo
D, Rasoanaivo P (2004). Decreasing clinical efficacy of chloroquine
in Ankazobe, Central Highlands of Madagascar. Trans. R. Soc. Trop.
Med. Hyg. 98:311-314.

World Health Organisation (WHO) (2001). Antimalarial drug
combination therapy: report of a WHO technical consultation, April 4-
5 Geneva. WHO/CDS/RBM/2001.35

World Health Organisation (WHQ) (2005). World Malaria Report by Roll
Back Malaria Partnership. http://rom.who.int/wmr2005

World Health Organisation (WHO) (2010). World Malaria Report 2010.

Zakaria ZA, Mat Jais AM, Sulaiman MR, Mohamed Isa SSP, Riffin S
(2006). The in vitro Antibacterial activity of methanol and ethanol
extracts of Carica papaya flowers and Mangifera indica leaves. J.
Pharmacol. Toxicol. 1:278-283.

Zayed AA, Saeed RMA, El Namaky AH, Ismail HM, Mady HY (2009).
Influence of allium satvium and Citrus limon oil extracts and Bacillus
thuringiensis Israelensis on some biolagical aspects of Culex pipens
larvae. World J. Zoo 4:109-121.



