academicJournals

Vol. 7(42), pp. 3105-3111, 10 November, 2013
DOI: 10.5897/JMPR12.998

ISSN 1996-0875 ©2013 Academic Journals
http://www.academicjournals.org/JMPR

Journal of Medicinal Plants Research

Full Length Research Paper

Antiplasmodial and repellent activity of indigenous
plants used against malaria

M. Traoré-Coulibaly™**, L. Paré-Toé"? H. Sorgho'?, C. Koog"®, A. Kazienga®, K. R. Dabiré"?, L.

C. Gouagna®, P. Z. Dakuyo®, J. B. Ouédraogo™?, I. P. Guissou® and T. R. Guiguemdé?

'Direction Régionale Institut de Recherche en Sciences de la santé (IRSS-DRO), Burkina Faso.
Unité de Recherche Paludisme et Maladies Tropicales Négligées, Centre Muraz, Burkina Faso.
®Pharmacie de la Comoé, Burkina Faso.

*Institut de Recherche en Sciences de la santé (IRSS), Burkina Faso.
®Institut de Recherche pour le Développement (IRD), Bobo-Dioulasso, Burkina Faso.
®Université Claude Bernard, Lyon I, Faculté de Pharmacie, Burkina Faso.

Accepted 24 October, 2013

Aqueous and organic extracts from Desmodium velutinum (Willd) DC (Fabaceae), Combretum molle
R.Br ex G. Don, Combretum sericeum G. Don (Combretaceae), Bidens engleri O.E.Schulz (Asteraceae),
Cucumis metuliferus E. Mey. ex Naudin, Cassia podocarpa Guill. et Perr. (Ceasalpiniaceae), and Opilia
celtidifolia Guill. & Perr. (Opiliaceae) from Burkina Faso were prepared and tested in vitro against
Plasmodium falciparum parasites. Chloroquine was used as a positive control. Essential oils extracted
from Hyptis suaveolens and Hyptis spicigera used as repellent were screened against Anopheles
gambiae under laboratory conditions using human subjects. Dichloromethane leaf extracts of D.
velutinum and C. sericeum (ICso = 9 ug/ml), and the dichloromethane root extract of O. celtidifolia (ICsq <
11 pg/ml) showed promising antiplasmodial activity. The ethanol leaf extracts of C. podocarpa (ICso = 22
pg/ml), D. velutinum (ICsq = 36 pug/ml) and C. molle (ICsq = 25 pg/ml) showed moderate activity. Low
activity was observed in the aqueous leaf extracts of C. sericeum (ICsq = 68 pg/ml), D. velutinum (ICsq >
100 pg/ml), B. engleri (ICs, = 101 pg/ml) and C. metuliferus (ICso > 100 pg/ml). Repellency of the two
essential oils was high during the first hour but decreased with the bioassay time. The relatively high
repellency of A. gambiae mosquitoes estimated as 87.6 + 0.2% (H. spicigera) and 81.7 £ 0.3% (H.
suaveolens) confirms the traditional use of the two plants.
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INTRODUCTION

Malaria is a disease caused by a protozoan parasite of
Plasmodium genus transmitted to humans by the bite of
Anopheles gambiae female mosquitoes. Despite decades
of worldwide control efforts, malaria is still causing up to
225 million episodes of illness and 800,000 deaths every
year (World Health Organization (WHO), 2012) and sub-
Saharan Africa has the highest burden of human

suffering. In Burkina Faso, 17% of the population is
reported to be infected with malaria each year and
approximately 5000 die from the disease (Programme
National de Lutte contre le Paludisme (PNLP), 2006).
Empirical observations and ethnobotanical surveys have
shown that tribal populations use decoctions or infusions
of antimalarial herbs for treating malaria and repellent
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plants are used fresh or burned in rooms to get rid of
mosquitoes. Repellents are substances applied to the
skin, which prevent insects from biting and diethylben-
zamine (DEET) which is the gold standard, is in use for
more than 50 years (Hotzer, 2001). In the case of
malaria, a safe and effective way of preventing
Anopheles female bites is needed. In Burkina Faso,
Hyptis spicigera and Hyptis suaveolens were identified as
repellent plants, while plant species such as Desmodium
velutinum (Willd) DC, (Fabaceae), Combretum molle R.Br
ex G. Don, Combretum sericeum G. Don
(Combretaceae), Bidens engleri O.E.Schulz (Astera-
ceae), Cucumis metuliferus E. Mey. ex Naudin), Cassia
podocarpa Guill. et Perr. (Ceasalpiniaceae) and Opilia
celtidifolia Guill. & Perr. (Opiliaceae) are traditionally used
against fever and malaria attacks (Guigma et al., 2012;
Togola et al., 2005; Arbonnier, 2009).

In other African regions, H. spicigera leaves are used
as a spray to keep and protect crops from various insect
attacks and are placed in a layer below bundles of millet
to keep away termites. Placing branches or whole plants
inside houses is most common for H. suaveolens
(Seyoum et al., 2002).

The increasing resistance of malaria parasites and
mosquitoes to available drugs and insecticides,
respectively has created a growing interest in herbal
remedies in the hope of identifying new leads for
antimalarial and repellent drug development. Plants are
known to produce secondary metabolites that are found
to be physiologically active and have been used for
medicinal purposes for centuries. It is also known that the
activity of aromatic repellent plants is due to essential oils
present in the plant material and that are used as flavor in
food products, odorants in flagrances, pharmaceuticals
and as insecticides. Essential oils are natural volatile
mixtures of hydrocarbons with a diversity of functional
groups, and their repellent activity has been linked to the
presence of monoterpenes and sesquiterpenes (Nerio et
al., 2010). Mosquito repellent activity has been found in
various plant extracts; among them Azadirachta indica A.
Juss (neem tree), Ocimum basilicum L. (basil oil) and
Citronella species (Kweka et al.,, 2008). This study
investigates the antiplasmodial and repellent activity of
crude extracts and essential oils derived from nine plants
aiming to justify the traditional use of these plants in the
control of malaria. No or very few pharmacological
studies have been previously reported on the plants
selected for the current study.

MATERIALS AND METHODS
Plants used to treat malaria

A series of plants claimed to cure malaria in traditional medicine
were collected in different regions of Burkina Faso. Priority was
given to the following species: D. velutinum (Willd) DC.,
(Fabaceae), C. molle R.Br ex G. Don, C.sericeum G. Don
(Combretaceae), B. engleri O.E.Schulz (Asteraceae), C. metuliferus
E. Mey. ex Naudin, C. podocarpa Guill. and Perr. (Ceasalpiniaceae)

and O. celtidifolia Guill. & Perr. (Opiliaceae).

Plants used against mosquitoes

H. suaveolens (L) and H. spicigera (Lam), the plants most used by
the community in the west part of the country, were chosen for the
study.

Plant materials were collected and authenticated by an
experienced botanist at Centre National la Recherche Scientifique
et Technologiqgue (CNRST). Voucher specimens were kept in the
herbarium of CNRST under numbers presented in Table 1.

Extraction for malaria bioassay

Each ground plant material (100 g) was extracted by ethanol (1 L)
for 24 h. Residue of some of the extracts was suspended in
dichloromethane and extracted with water. All the extracts were
concentrated in a Rotavapor system and stored for the test on
malaria parasites.

Essential oil extraction

Essential oils were obtained from leaves of H. spicigera and H.
suaveolens subjected to steam distillation for 1% h using a
Clevenger type apparatus located in Phytofla laboratories. The oils
were collected, dried and stored in sealed vials at 4 to 6°C until use.

Antiplasmodial bioassay

The antiplasmodial activity was evaluated in vitro using Plasmodium
falciparum chloroquine-sensitive strain (3D7) according to a method
described in detail elsewhere (Ziegler et al., 2002) by using
chloroquine as a positive control. Briefly, the parasites previously
maintained in continuous culture were cultivated during 48 h in the
presence of four different concentrations of each of the plant extract
(100, 50, 25 and 12.5 and 6.25 pg/ml). The ICso of each extract was
then determined. The ICso values of the extracts were then
compared to the thresholds for in vitro antiplasmodial activity of
plant extracts established by Rasoanaivo et al. (2004).

Repellent bioassay

Bioassays were performed to evaluate the repellent activity of
essential oils from H. spicigera and H. suaveolens by recording the
sensitivity of mosquitoes. Two to three days old strictly nulliparous
female Anopheles gambiae “Kisumu” non-exposed before to human
contact were used for the bioassay. This laboratory-susceptible
reference colony is maintained in the insectarium of IRSS/Centre
Muraz.

Evaluations were carried out on the arms of human volunteers
inside cages (30 x 30 x 30 cm) containing mosquitoes according to
the method described by Curtis et al. (1987) and WHO (1996). Both
arms of human volunteers were carefully covered with thick paper
except a 4 cm? skin portion exposed to mosquito bites. This skin
portion was treated with each essential oil (4 pl/cm?) and compared
to the skin portion of the other arm treated by paraffin as control.
Arms were simultaneously introduced into the cage containing 25
female A. gambiae mosquitoes and the number of bites was
counted over 5 min. Assessment time-points were to = 0.5, t; = 1.5,
t = 2.5 and t; = 3.5 post-application without renewing the essential
oil treatment and each assay was repeated 5 times. All tests were
conducted at the same room temperature (25 to 30°C) and humidity
(60 to 80%).
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Table 1. Effects of crude extracts and essential oils on P. falciparum and A. gambiae mosquito.
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Antiplasmodial

No. Ref. (id.) Species Family Plant part Type of extract ICs0 (Hg/ml) activity Repellency (%)
Water >100 Inactive -
1 8708 Desmodium velutinum Fabaceae Leaves Ethanol 36 Weak -
Dichloromethane 9 Good to moderate -
2 8712 Opilia celtidifolia Opiliaceae Roots Water >100 Inactive ]
P P Dichloromethane <11 Good to moderate -
Water 68 Very weak -
3 8713 Combretum sericeum Combretaceae Leaves Ethanol >100 Inactive -
Dichloromethane 9 Good to moderate -
4 8705 Cassia podocarpa Ceasalpiniaceae  Leaves Ethanol 22 Weak -
5 3348 Cucumis metuliferus Curcurbitaceae Leaves Ethanol >100 Inactive -
6 8707 Bidens engleri (Asteraceae) Leaves Ethanol 101 Inactive -
7 5859 Combretum molle Combretaceae Leaves Ethanol 25 Weak -
8 2340 Hyptis spicigera Lamiaceae Leaves Qil - - 87.62 £0.17
9 2341 Hyptis suaveolens Lamiaceae Leaves Ol - - 81.67+0.29
- - Chloroquine - - - 3-14 ng/ml - -

Ref. = Reference, Id = identification.

Statistical analysis

Antiplasmodial activity was assessed through the ICs
determined from dose-response curves. The repellency
index (R) of the essential oils against A. gambiae mosquito
species was estimated by the equation as follows:

R (%) = [(C-T)/C] x100

where C and T are the number of mosquitoes collected on
the control and the treatment arms respectively.

Statistical analysis was performed using Stata version 10.
Comparisons of repellence index within and between plant
species were carried out using the Student’s t-test. All
differences were considered significant at P<0.05.

Ethical approval

The repellent protocol was reviewed and approval by the
Institutional Ethics Committee of Centre Muraz, Bobo-
Dioulasso.

RESULTS AND DISCUSSION
Antiplasmodial activity

The aqueous as well as organic extracts tested
against malaria parasites in the present study
showed a variable level of inhibitory activity
according to the plant extracts as shown in Table

1. The dichloromethane leaf extracts of D.
velutinum, C. sericeum and O. celtifolia were the
most active. Previous studies have shown a
significant antiplasmodial activity of an acetonic
extract of C. molle (IC50=8.17 pg/ml) and the anti-
plasmodial activity was attributed to hydrolysable
tannins isolated from the bioactive extract (Asres
et al., 2001), while our results showed a moderate
activity of the ethanolic plant extract. The
moderate activity of the leaves of C. molle (MeOH
extract, 1Cg=5.7 pg/ml and MeOH/H,O extract,
IC50=7.9 pg/ml) was previously reported by
Gansané et al. (2010).

Extracts from O. celtidifolia tested against wild
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Table 2. Mean number of Anopheles gambiae bites per plant at various post exposure time.

Time post

Mean number of mosquito bites

application of Hyptis spicigera

Hyptis suaveolens

repellent (h) Test arm Control arm  Number of repeat Test arm Control arm  Number of repeat
0.5 0.8+1.09 5.6 £2.07 5 0.8+1.09 48 +3.11 5
1.5 2.2 £0.47 7.4 +3.57 5 1.6+151 6.6 + 3.97 5
2.5 6.6 +1.67 14.6 £ 3.64 5 4.4 +270 12.2 £2.77 5
3.5 85 +2.64 14.75 + 3.40 4 6.6 + 3.97 11.2+2.48 5

strains of P. falciparum were not found to inbihit the
parasites very actively (Koudouvo et al., 2011). The use
of wild strains may explain the high 1Cs, obtained.

A preliminary phytochemical screening conducted by
Sini (2008) revealed the presence of tannins, flavonoids,
glycosides, anthraquinones and alkaloids in the aqueous
root extract of C. sericeum. The antiparasitic activity of
alkaloids and anthraquinones has been described several
times (Addae-Kyereme et al., 2001). No phytochemical
investigation was conducted with D. velutinum, but
compounds such as triterpenoids, saponins, polyphenols,
flavonoids, anthocyanins, alkaloids and tannins have
been identified from the genus Desmodium (Muanda et
al., 2011). Phytochemical studies on O. celtidifolia
revealed the presence of six triterpenoid saponins from
the leaves and stems of the plant (Crespin et al., 1993);
polysaccharides from the leaves used for wound healing
in traditional medicine in Mali (West Africa) were found to
possess a potent activity in the complement system
(Togola et al., 2006). Latest studies have shown anti-
helminthic, uterine stimulant, hypotensive and cardiac
depressant activities of a methanol extract of the stem
bark containing mainly saponins (Shibata et al., 1977).
The presence of such compounds in the active plant
extracts may explain their potency. Extracts with
promising antiplasmodial activity (IC50<10 pg/ml), that is,
dichloromethane leaf extracts of D. velutinum (IC5,=9
pg/ml), C. sericeum (9 pug/ml) and dichloromethane root
extract of O. celtidifolia (<11 pg/ml) will be selected for
further bioassay guided fractionation for the identification
of potent ingredients. Extracts with moderate activity will
be subjected to an in vivo study in mice to confirm the
antimalarial activity.

Mosquito repellency of the crude essential oils of H.
spicigera and H. suaveolens

Natural plant extracts have been used for centuries by
human populations to prevent arthropod bites. Many
preparations from naturally occurring sources are
repellent to different insect species; some of these act as
insecticides while others are only repellent. Natural
repellent oils were found to be unstable and did not
provide good repellency, since they can evaporate com-
pletely. Synthetic repellents were also found to be more

effective than the natural ones. Usually, synthetic
substances showed 100% repellency for the first 2 h,
where the known natural repellent products were most
effective for the first 30 to 60 min and reapplication is
then necessary to maintain the efficacy over several
hours (Patel et al., 2012). Neem oil (Azadirachta indica)
repels or kills mosquitoes, their larvae and a plethora of
other insects including those in agriculture, while
Citronella oil repels mosquitoes (Patel et al., 2012).
Neem oil was found to be mosquito repellent for up to 12
h. Cinnamon leaf oil, Clove oil and Eucalyptus oil
containing cineol kill mosquito larvae and adults (Patel et
al., 2012; Koul et al., 2008).

H. spicigera and H. suaveolens are plants burned in
rooms to repel mosquitoes. To test this claim the
essential oils of the two plants were selected and tested
for mosquito repellency on human volunteer using the
method described earlier. No skin irritation, rashes were
observed on the arms of the treated volunteers during all
the duration of the bioassay (4 h). The mean number of
A. gambiae bites per plant is presented in Table 2. The
results revealed that the essential oils derived from H.
spicigera and H. suaveolens were effective against A.
gambiae. Indeed, analysis has shown a significant
difference between the control and the tested arm during
the bioassay (Table 2). High percentage repellency (H.
spicigera (87.6 £ 0.2%) and H. suavolens (81.7+ 0.3%)
was obtained with the two plant essential oils at the
beginning of the assay, but decreased with the bioassay
time (Figure 1). Each oil was effective for 2.5 h with more
than 50% repellency. Comparison of the plants did not
reveal any significant difference between the percentage
repellency of the essential oils derived from the two
plants, which seem to have the same repellency (P >
0.05). Very few studies have demonstrated the mosquito
repellency effect of the two plants. H. suaveolens
thermally expelled in experimental huts within a
screenwalled greenhouse provide a low repellent effect
against A. gambiae (Seyoum et al., 2002). Our results
were comparable to those obtained by other authors
(Abagli et al., 2012; Kweka et al., 2008) obtained with
essential oils from Ocimum suave and Ocimum
kilimandscharicum and H. suavolens 71.2 to 88.9% biting
protection against three species of mosquitoes, A.
gambiae ss, Anopheles arabiensis and Culex
quinquefasciatus. Conti et al. (2012) obtained a protection
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Figure 1. Relative efficacy of the essential oils of H. spicigera and H. suaveolens against Anopheles gambiae

mosquito growth in laboratory.

time ranging from 16 to 135 min with the essential oil of
H. suaveolens. The insecticide activity of H. spicigera and
H. suaveolens on other insect species has been
previously demonstrated. Crude essential oils of H.
spicigera were found to cause 100% mortality of early-
stage larvae and young adults of Tribolium castaneum
(Kouninkie et al., 2007). Essential oil of H. spicigera
applied as fumigant was found to induce between 95 and
96% mortality on the Coleopteran insect Sitophilus
zeamais Motsch. Against Sitophilus oryzae L., the plant
essential oil exhibited a repellency activity with a repellent
percentage (RP) of 62.5% (Ngassouma et al.,, 2007).
Some factors such as the mosquito species, the
volunteer age, sex temperature, humidity, wind and
biochemical attractiveness of the tested mosquito were
found to play a role in the effectiveness of repellent
compound or extract; this may explain the variation
observed between the tests during the 5 days. The
chemical content of H. spicigera and H. suaveolens
essential oil has been established over the years from
previous phytochemical studies; the two plant species
were found to contain numerous volatiles known to have
pesticide and/or insect repellent properties. The essential
oil of Hyptis suaveolens was also found to possess
antioxidant and antimicrobial activities. The main active
compounds identified from the species were sabinene, a-

terpinolene and 1,8-cineole (Nantitanon et al., 2007).
Hyptis suaveolens collected in the Brazilian Cerrado
region revealed the presence of sabinene, limonene,
biclyclogermacrene, beta-phellandrene and 1,8-cineole
(Azevedo et al., 2001). Leaves of H. suaveolens collected
in Guinea-Bissau were found to contain mainly (-
caryophyllene, bergamotene, and terpinolene (Jaenson
et al., 2006). Seven labdane diterpenes with insecticidal
properties were isolated from the aerial parts of H.
spicigera by Fragoso-Serran et al. (1999). More than 48
compounds have been identified from H. spicigera;
among them vy-terpinene, a and B-pinene, p-cymene,
eucalyptol or 1,8- cineole and B-caryophyllene. Investi-
gation of the essential oils by GC-MS of H. spicigera from
Cameroon revealed the presence of two main
components: 1,8-cineol (24.0%) and (E)-caryophyllene
(22.2%). Other active compounds identified in the
essential oil were a-pinene (9.1%), B-pinene (5.7%), a-
terpineol (8.3%) and linalool (8.4%) (Ngassouma et al.,
2007). Belanger et al. (1994) identified the presence of a-
pinene (5.1%), B-pinene (3.2%) and B-caryophyllene
(65.7%) in H. spicigera from Burkina Faso. Bioactivity-
guided fractionation of the petroleum ether extract of the
leaves of H. suaveolens led to the isolation of an
abietane-type diterpenoid endoperoxide, 13 alpha-epi-
dioxiabiet-8(14)-en-18-ol, displaying high antiplasmodial
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activity (ICs50=0.1 pg/ml) (Chukwujekwu et al., 2005). The
same repellency displayed by the two plant essential oils
may be due to the relative similarity of their chemical
components.

Conclusion

Our results indicated that the dichloromethane extracts of
D. velutinum, C. sericeum, and O.celtidifolia were more
effective in terms of antiplasmodial action against P.
falciparum compared to the ethanol and water extracts of
the same or other plants (C. molle, C. metuliferus, B.
engleri and C. podocarpa). 87.6 and 81.7% repellency
against A. gambiae adult mosquitoes reared in the
laboratory were obtained respectively with H. suaveolens
and H. spicigera essential oils. At least 50% of the
repellency is maintained for 2% h. These values may be
compared to those of some synthetic insect repellents
tested in the same conditions. These plant oils may
represent an alternative in formulating potent and
affordable products in the control of malaria mosquitoes.
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