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ABSTRACT
This study was designed to assess phytochemical and antiplasmodial activities of Icacina oliviformis’s and Spondias purpurea’s
extracts. Icacina oliviformis (poiret) Raynal (Icacinaceae) and Spondias purpurea L. (Anacardiaceae) are Senegalese traditional
pharmacopoeia plants used to treat various diseases. These plants are used for treating malaria and related conditions in south
Senegal.The following phytochemicals were detected into the two species: saponins, alkaloids, sterols, polyterpenes, polyphenols,
flavonoids, tannins and free or combined quinones. As regards the evaluation of antiplasmodial activity against P. falciparum 3D7
strain, the ethanolic/water extract of Icacina oliviformis stems (SEWIO) displayed the best activity with an IC50 = 1.80 ± 0.51 μg/mL.
Therefore, the same extract exhibits some degree of cytotoxicity with a CC 50 = 78.30 ± 2.45 μg/mL. The antiplasmodial activity and
the cytotoxicity of Icacina oliviformis’s (stems and roots) and Spondias purpurea’s (leaves, barks and roots) extracts are reported for
the first time.
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INTRODUCTION
Herbal medicines are used in many areas of pathology namely
malaria, cancer, diabetes etc. Although global morbidity and
mortality have significantly decreased, malaria, a parasitic
infection of red blood cells, still kills an estimated 2,000 people
a day, most of whom are children in Africa.
Two factors account for most of this decline: the increased
distribution of insecticide-treated mosquito nets and the
availability of highly effective treatments with artemisininbased products1. However, malaria remains the most
dangerous parasitic disease for humans. It is transmitted in
108 countries with about 3 billion people and, in 2010, there
were an estimated 216 million patients and 655,000 deaths2.
The situation has worsened because malaria parasites are
becoming resistant to several antimalarial agents3 ,4. Medicinal
plants have been used in almost all cultures as a source of
medicine5,6.
With the aim of discovering new natural active extracts against
malaria parasites, Icacina oliviformis and Spondias purpurea
were selected after an ethnopharmacological survey conducted
on plants used for traditional treating of malaria in Senegal7,8.
Miers9describes, in 1851, the family of Icacinaceae to more
than 400 species grouped in about 54 genera. They are large
rainforest trees, shrubs or lianas10,11. Icacina oliviformis is
mostly found in west and central Africa7,8.
The species Icacina oliviformis is used in Africa to treat various
pathologies such as fever, malaria, asthenia, internal bleeding
etc12,13. In Senegal the leaves of Icacina oliviformis are used in
traditional medicine for treating diabetes14.

The Anacardiaceae family contains about 77 genera and about 600
species, most of which fruits are drupaceous with resinous
mesocarp. The species in this family are trees, shrubs or lianas with
alternating, compound and imparipinnate leaves, mostly found in
tropical to subtropical and temperate regions of the northern
hemisphere. Spondias is a genus of this family and comprises about
17 described species, 7 of which are native to tropical America and
10 from South and Southeast Asia. Many species of this family are
well known for their edible fruits and seeds (mangoes, pistachios,
cashew nuts) 15,16.
In Nigeria, an infusion of shredded leaves of spondias purpurea is
used to wash wounds, cuts and burns. The leaves of this tree
therefore have antibacterial properties. In Jamaica, leaves are
boiled to cure colds; they are also used to treat sore gums, diarrhea
and dysentery. In Guatemala leaves decoctions are used for treating
gastrointestinal disorders17,18.

MATERIALS AND METHODS
PLANTS MATERIALS
Stems and roots of Icacina oliviformis and leaves, barks and
roots of Spondias purpurea L. were collected in April 2016 from
Diabyr and Kandé district respectively, region of Ziguinchor,
Senegal. The plants were authenticated by Prof. E. Bassène,
Pharmacognosy and botany Department, University Cheikh
Anta Diop, Dakar, Senegal. Voucher specimens were deposited
at the herbarium the Pharmacognosy and botany laboratory
under respective numbers 2016/021 and 2016/022.
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CYTOTOXICITY ON HUVEC

The samples are cleaned and dried in the shelter of sun’s rays
at the ambient temperature of the laboratory (30°C). The dried
drugs are crushed using a grinder (type Bradender OHG
Duisburg). The fine powders (250 g) thus obtained after
spraying were used as raw material to make the extractions.
Successive depletion of the powder is achieved by solvents of
increasing polarities (cyclohexane, acetone, dichloromethane,
ethanol, ethanol/water and water). In fact, 250g of powder of
each sample are introduced into a 5 L flask containing 3 L of
solvent and then refluxed for 4 hours. Each solvent was
evaporated to dryness to give a residue of mass Icacina
oliviformis (stems and roots) and Spondias purpurea (leaves,
barks and roots) (Table 1).

HUVEC cells were cultured in Gibco™ RPMI 1640 medium (Life
technologies, France) complemented with 10% Fetal Bovine
Serum and 1 mM L-glutamine (Sigma-Aldrich, France) and
incubated in 5% CO2 at 37°C. The cytotoxicity of extracts was
evaluated using the SYBR Green I assay as previously
described. HUVEC were seeded in a 96-well plate at 100,000
cells/well and incubated for 24h to adhere. After discarding the
old medium, the cells were incubated in the medium containing
eight concentrations (0.78-100 μg/mL) of each extract in
duplicate. After 48h incubation, cells were visualized using an
inverted microscope to check their morphology or the cell
viability. The medium was subsequently removed and replaced
by lysis buffer without SYBR Green I and the plates were
subjected to 3 freeze-thaw cycles. The cell lysis suspension was
diluted 1:2 in SYBR Green I lysis buffer. The incorporation of
SYBR Green I in cell DNA and the IC50 analysis were obtained as
previously.

Phytochemical screening of secondary constituents present in
the plant extracts was carried out using methods adopted in
similar surveys19. This quantitative and phytochemical analysis
of these plants was determined as follows: Sterols and
terpenoids
(Lieberman’s
reagents);
alkaloids
(Bouchardat’s/Valser-Mayer’s/Dragendorff’s
reagents);
flavonoids (concentrated HCl + magnesium ribbon); tannins
(Stiasny’s reagent, Formalin 30%, Concentrated HCl: 1/0.5);
saponins (foaming test); polyphenols (reaction with ferric
chloride (FeCl3)); free or combined quinines substances
(Borntraegen’s reagent).

ANTIPLASMODIAL ASSAY

Table 1 gives us the yields of the different extracts. The yield is
calculated as being the ratio of the mass of the extract on that
of the starting dried powder.
Table 1: Extraction yields of the various extracts of I.
oliviformis and S. purpurea

Extracts

Mass
(g)

Yields
(%)

Roots dichlorométhanic of Icacina 0.88
0.95
oliviformis (RDIO)
Roots acetonic of Icacina oliviformis 0.74
0.80
(RAIO)
Roots Ethanolic/water of Icacina 2.15
2.33
oliviformis (REWIO)
Stems Ether of Icacina oliviformis 1.24
0.17
(SEIO)
Stems dichlorométhanic of Icacina 5.65
0.76
oliviformis (SDIO)
Stems Ethanolic/Water of Icacina 7.96
1.08
oliviformis (SEWIO)
Stems Water of Icacina oliviformis 7.50
1.01
(SWIO)
Leaves Ether of Spondias purpurea 2.24
0.30
(LESP)
Leaves dichloromethanic of Spondias 6.82
0.94
purpurea (LDSP)
Leaves Water of Spondias purpurea 76
10.50
(LWSP)
Barks Cyclohexanic of Spondias 3
0.82
purpurea (BCSP)
Barks Water of Spondias purpurea 62
17.12
(BWSP)
Roots Water of Spondias purpurea 54
14.21
(RWSP)
After the extraction of the secondary metabolites, a phytochemical
screening (Table 2) was carried out in order to qualitatively
determine the different types of families of molecules present in
these extracts, then we tested these different extracts against P.
falciparum 3D7 strain as well as their cytotoxicity against
HUVEC. The test results are shown in Table 3.
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The antimalarial activity of extracts/compounds was evaluated
against P. falciparum 3D7, using the fluorescence-based SYBR
Green I assay approach in 96-well microplates as described by
Smilkstein and al.20with some modifications. Positive control
wells for each assay contained no inhibitor while negative
controls contained Chloroquine (CQ). The CQ molecule was
provided from World Wide Antimalarial Resistance Network
(wwarn Network). Experiments were run in duplicate with
both test and control drugs employed at varying
concentrations. Stock solutions (extracts) were prepared in
dimethyl-sulfoxide (DMSO) and diluted with culture medium to
give a maximum DMSO concentration of 0.5% in a final well
volume of 200 μL containing 1% parasitemia and 2.5%
haematocrit. Extracts and negative control [Chloroquine (CQ)]
were prepared by two-fold dilution, in a dosetitration range of
0.098-100 µg/mL, to obtain 11 concentrations each, in
duplicate. The concentrations used for CQ were between 0.5
and 1000 nM. After 48 h incubation, the plates were subjected
to 3 freeze thaw cycles to achieve complete hemolysis. The
parasite lysis suspension was diluted 1:5 in SYBR Green I lysis
buffer (10 mM NaCl, 1 mM Tris HCl pH8, 2.5 mM EDTA pH 8,
0.05% SDS, 0,01 mg/mL proteinase K and 10X SYBR Green I).
Incorporation of SYBR Green I in parasite DNA amplification
was measured using the Master epRealplex cycler®
(Eppendorf, France) according the following program to
increase the SYBR green incorporation: 90°C for 1 min,
decrease in temperature from 90°C to 10°C for 5 min with
reading the fluorescence 10°C for 1 min and a new reading at
10°C for 2 min. The IC50 was calculated by nonlinear regression
using
icestimator
website
1.2
version:
http://www.antimalarialicestimator.net/MethodIntro.htm.

RESULTS
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Table 2: Results of the phytochemical screening of extracts of I. oliviformis and S. purpurea

Extraits

sterols
and
polyterpenes

polyphenols

flavonoids

tannins

free or
combined
quinones

alkaloids

saponins

RDIO
RAIO
REWIO
SEIO
SDIO
SEWIO
SWIO
LESP
LDSP
LWSP
BCSP
BWSP
RWSP

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
-

+
+
+
+
+
+
+
+

*
*
+
*
*
+
+
*
*
*
+

Table 3: Antiplasmodial activity and cytotoxicity of fractions of I. oliviformis and S. purpurea

Extracts
1
RDIO
2
RAIO
3
REWIO
4
SEIO
5
SDIO
6
SEWIO
7
SWIO
8
LESP
9
LDSP
10
LWSP
11
BCSP
12
BWSP
13
RWSP
14
CQ
CQ = chloroquine

Plasmodium falciparum 3D7 strain

HUVEC cells

IC50 µg/mL ± SD
12.22±2.85
17.50±4.25
>100
11.72±2.86
25.59±4.07
1.80±0.51
24.23±1.83
10.27±3.61
6.22±0.56
>100
>100
54.89±6.04
>100
5.92 ± 0.21

CC50 µg/mL ± SD
49.25±5.02
>100
>100
26.30±2.10
47.50±3.12
78.30±2.45
15.20±2.12
>100
>100
>100
51.20±4.56
>100
>100
>100

On the basis of this classification, we can say that SEWIO
extract is a highly active extract with an IC50 = 1.80 ± 0.51
μg/mL. The SEIO and RDIO extracts are promising activity
extracts with inhibitory constants equal to 11.72 ± 2.86 μg/mL
and 12.22 ± 2.85 μg/mL respectively. However, the SDIO, SWIO
and RAIO extracts are extracts with moderate activity. REWIO
extract with an IC50 ˃50 μg/mL is an inactive extract.
We note that REWIO and RAIO extracts with cytotoxicity
constants CC50 ˃100 μg/mL do not show on the one hand any
cytotoxicity while showing respectively an inactivity and a
moderate activity. On the other hand, the SEWIO extract which
gave the best IC50 in the tests contains a certain level of
cytotoxicity with a CC50 = 78.30 ± 2.45 μg/mL.
As for S. purpurea’s extracts, their activities vary from
promising (IC50 = 6.22 ± 0.56 μg/mL) to inactivity (IC50> 100
μg/mL). The both LESP and LDSP extracts have promising
activity of IC50 = 10.27 ± 3.61 μg/mL and 6.22 ± 0.56 μg/mL,
respectively. On the other hand, all the other extracts (LWSP,
BCSP, BWSP and RWSP) showed inactivity (IC50> 50 μg/mL,
Table 3). All extracts are non-cytotoxic (CC50> 100 μg/mL),
with the exception of BCSP extract with a CC50 = 51.20 ± 4,56
μg/mL. Among all the extracts, SEWIO is the only one which
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In order to discover new natural active extracts against malaria
parasites, Icacina oliviformis and Spondias purpurea were
selected following an ethnopharmacological survey conducted
on plants used in the traditional treatment of malaria in
Senegal.
In this article we describe the extraction of Icacina oliviformis
(stems and roots) and Spondias purpurea L. (leaves, barks and
roots) and the examination of their antiplasmodial activities
(Table 3). We retain in the table 1 that the stems of Icacina
oliviformis and the barks and roots of Spondias Purpurea are
very rich in polar compounds. According to WHO
recommendations and previous works21,22, the antiplasmodial
activities of plants extracts were classified as follows: highly
active extracts with an IC50<5 μg/mL, promising activity
between 5-15 μg/mL, moderate activity between 15-50 μg/mL
and inactivity when IC50> 50 μg/mL. When the cytotoxic
concentration CC50> 100 μg/mL, the extract is non-cytotoxic.
On the basis of its WHO recommendations, we can say that the
results of the seven extracts of Icacina oliviformis are in the
range of inactivity (IC50> 100 μg/mL) to highly active extracts
(IC50 = 1.80 ± 0.51 μg/mL).
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DISCUSSION

6.

CONCLUSION

11.

The different polar solvent extracts of Icacina oliviformis and
Spondias purpurea exhibited wide spectrum antiplasmodial
potencies against Plasmodium falciparum 3D7 strain. The
SEWIO extract of the stems of Icacina oliviformis showed a
strong inhibition on the P. falciparum 3D7 strain (IC50=1,80 ±
0,51 µg/mL). The SEIO and RDIO extracts of Icacina oliviformis
and the LESP and LDSP extracts of Spondias purpurea showed
promising activity against P. falciparum 3D7 strain. These
different results support the ethnomedical use of these plants
in the treatment of malaria and associated symptoms.
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has exhibited a better activity than chloroquine (CQ) (IC 50
=5.92 ± 0.21 μg/mL) against P. falciparum 3D7 strain.
Phytochemically, a chemical characterization of Icacina
oliviformis and Spondias purpurea showed in both species the
presence of sterols, polyterpenes, polyphenols, flavonoids,
tannins, free or combined quinones, alkaloids, and saponins
(Table 2). Several studies have described the antiplasmodial
effect of these secondary metabolites23,24 which could explain
the observed results on the activity of extracts of Icacina
oliviformis and Spondias purpurea.
Numerous medicinal plants containing a wide variety of
secondary metabolites have shown antiplasmodial activities2527. The traditional use of Icacina oliviformis and Spondias
purpurea for the treatment of malaria could be attributed to
the presence of certain phytochemicals compounds that
constitute the bioactive principles in the plants. In this study
we will note that extracts show results varying promising
inhibitions to inactivity. This pharmacologic potential is
attributed to the phytochemical profiles of these extracts.
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