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Abstract
Background: Resistance of human malaria parasites to anti-
malarial compounds remains a crucial public health
concern. In addition, the oxidative stress induced during
malaria infection would seem to result from an imbalance
between this decrease in antioxidant enzymes and the
increased production of Reactive Oxygen Species (ROS).
Treatment with antioxidants would aim to strengthen the
antioxidant systems already present and protect the host.
Investigating plants used in traditional medicine to treat
malaria remains a credible option for new anti-malarial drug
development. The study aims to identify local natural
compounds with antimalarial and antioxidant activity with a
strong potential for the development of new treatments
against malaria.

Materials and methods: SYBR GREEN fluorescence method
was used to evaluate the In vitro inhibitory activity of the
extracts, chloroquine, artesunate and quinine against
Plasmodium falciparum field isolates and two laboratory
references strains of Plasmodium falciparum (3D7 and Dd2).
The haemolytic activity of extracts showing good
antiplasmodial activity was also evaluated. The IC50 and the
corresponding correlation coefficients were determined
graphically, using In Vitro Analysis and Reporting Tool
(IVART) software of WWARN.

Results: Our findings indicate that only decoction crude
extracts of Dialium dinklagei and Cnestis ferruginea and
methanolic crude extract of Newbouldia laevis had a
promising antiplasmodial activity. The liquid-liquid partition
improved the antiplasmodial activity to 1.22 ± 0.37 µg/mL,
6.11 ± 1.3 µg/mL and 4.37 ± 0.77 µg/mL respectively for the
F3 extract of Dialium dinklagei, F3 of Newbouldia laevis and
F2 of Cnestis ferruginea.

The DPPH quantitative test showed good antioxidant
activity of the plant extracts with dose dependent DPPH
radical scavenging activity. The antioxidant test carried out
on TLC plates gave yellow spots on a purple background
indicating the anti-radical activity of the fractions. There
was less than 1% hemolysis at the concentration of 200
µg/mL of plant extracts.

Conclusion: This work provides an opportunity to find
molecules that can neutralize both the parasite and the
oxidative stress induced by the disease.

Keywords: Plasmodium falciparum; Haemolytic; In vitro;
Antioxidant; Antiplasmodial; Côte d’Ivoire

Introduction
Malaria is an infectious disease which is caused by the

protozoan Plasmodium parasite and responsible for about 229
million clinical cases, killing 409,000 people each year over the
world [1]. The extremely rapid development of resistance to
antimalarial drugs such as chloroquine, mefloquine,
pyrimethamine, the proguanil-atovaquone combination, and the
most recent artemisinin derivatives requires the prompt
identification of new compounds [2,3]. Host defense against
infection is controlled by an innate and adaptive immune
system. Overall, immune responses to Plasmodium infections
consist of parasite destruction, but these responses are also very
often exacerbated, leading to host damage [4]. During
Plasmodium infections in humans as well as in experimental
models (primates, mice), a strong oxidative stress is generated,
due in part to the metabolism of iron-rich components [5-7].
One of the effects of malaria is a decrease in antioxidant
enzymes such as catalase, Glutathione peroxidase (GSH),
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Superoxide Dismutase (SOD) and many others as well as an 
increase in the production of Reactive Oxygen Species (ROS)
[8-11].

The serum concentration of malondialdehyde, one of the 
main markers of oxidative stress is higher in malaria subjects 
[12]. Thus, the oxidative stress induced during malaria infection 
would seem to result from an imbalance between this decrease 
in antioxidant enzymes and the increased production of ROS. 
Treatment with antioxidants would aim to strengthen the 
antioxidant systems already present and protect the host. 
Indeed, it has been suggested that the administration of Vitamin 
E or trolox would partially protect against cerebral malaria 
[12,13]. The use of traditional medicinal plants may be an 
interesting therapy to explore to treat malaria and fight against 
oxidative stress. Therefore, we are interested in Newbouldia 
laevis, Cnes is ferruginea and Dialium dinklagei which are plants 
traditionally used in Cote d'Ivoire against malaria.

Cnes is ferruginea Vahl ex DC is a perennial shrub or tree 
belonging to the Conaraceae family. Cnes is ferruginea has a 
wide distribution in West Africa, particularly in Gambia, Ghana, 
Guinea-Bissau, Côte d’Ivoire, Liberia, Nigeria, Sierra Leone, 
Benin, Niger and Gabon, especially in semi-deciduous forests 
[14,15]. According to Bouquet and Debray, the leaves are very 
active vermifuges against ascaris. These leaves are also used to 
treat scabies, asthenia, and would have purgative properties 
[16]. Several works have proved the anti-inflammatory and 
analgesic activities and the anti-depressive and anxiolytic 
activities of Cnes is ferruginea [17-19].

Dialium dinklagei belongs to the Fabaceae family. This plant is 
found in forest areas from Guinea to Congo. It is used in 
Côte d'Ivoire to treat malaria. Very little work has been done 
on this plant, but we noted that Bouquet and Debray have 
described the presence of tannins in the leaves of this plant 
[16]. Newbouldia laevis is native to tropical Africa and 
thrives on moist, well-drained soils. In Nigeria, the bark is 
chewed and swallowed for stomach pain, diarrhea and 
toothache [20]. This plant is known to be effective in the 
treatment of elephantiasis, dysentery, rheumatic swelling, 
syphilis, constipation and as a dewormer. It is also used for 
earaches, sore feet, chest pain, epilepsy and convulsions of 
children [21]. The leaf, stem and fruit are used as febrifuge and 
for the treatment of wounds and stomach ache [22]. The 
roots of Newbouldia laevis are used in Benin for the 
treatment of Buruli ulcer [23].

The main objective of this work is to identifiy natural 
compounds with antimalarial and antioxidant activity with a 
strong potential for the development of new treatments against 
malaria.

Materials and Methods

Plant material
The plant material consists of the leaves of Dialium dinklagei, 

Newbouldia laevis and Cnes is ferruginea. These three plants 
have not been investigated for their antiplasmodial activity. The 
leaves of Dialium dinklagei, Newbouldia laevis et Cnes is 
ferruginea were harvested in march 2013. Ethnobotanical data

(local name, method of preparation, traditional use and
combination of plants, indications, dosage, contraindications
and side effects) are obtained through semi-structured
interviews with traditional healers. The timing of the plant
harvest was the morning at 9 AM. Samples collected were
identified at Centre National de Floristique (CNF) or National
Floristry Center of Felix Houphouët-Boigny University, Abidjan,
(Côte d’Ivoire) by Professor Ake-Assi Laurent.

Biological material
The Biological samples are constituted of group O blood

samples with a positive rhesus for an inoculum dilution with
clinical and reference strains of Plasmodium falciparum.

Two ATCC reference strains were used: 3D7 chloroquino-
sensitive was provided by Biochemistry and Molecular
Department University of Legon, Ghana and Dd2 chloroquino-
resistant provided by, MR4 ATCC®Manassas, Virginia, USA.

Methods

Extracts preparation
The leaves were dried out of the sun for one week at room

temperature before being reduced to fine powder using a
mechanical grinder (Retsch M6951). From the powder obtained,
the various crude extracts were prepared. Decoction of each
plant was made as close as possible to the traditional healer‘s
preparation. Then, three successive extractions by solvents of
increasing polarity (hexan, methanol and water), have been
done according to the protocols made (Figures 1, 2) [24,25].

In order to improve antiplasmodial activity, crude extracts
were separated by partition chromatography using solvents of
increasing polarity (diethyl ether, butanol and ethyl acetate)
(Figure 3) .
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Figure 1: Diagram showing the procedure preparation of the
decoction extracts.
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Figure 2: Diagram showing the preparation procedure of the
hexanic, methanolic and aqueous extracts.

Figure 3: Diagram showing successive liquid-liquid using
diethyl-ether, butanol and acetate solvents.

Antioxidant activity
Free radical scavenging activity-quantitative test: The

evaluation of the anti-oxidant activity of the plant extracts was
performed using the 2.2-diphenyl-1-picryl-hydrazyl (DPPH)
radical scavenging assay according to the method of Parejo et
al. . Hydrogen atom or electron donating abilities of the
compounds were measured from the bleaching of the purple-

coloured methanol solution of 2,2-Diphenyl-1-Picryl Hydrazyl
(DPPH). Different concentrations of each extract were added, at
an equal volume, to methanolic solution of DPPH (100 μM).
After 30 min at room temperature, the absorbance was
recorded at 517 nm. Test was repeated for three times. Vitamin
C was used as standard control. The DPPH radical scavenging
effect was calculated as inhibition of percentage (1%) using the
following formula: I A blank is the absorbance of the control
reaction (containing all reagents except the test compound) and
A sample is the absorbance of the test compound. The values of
inhibition were calculated for various concentrations of the
extract. IC50 values denote the concentration of sample, which
is required to scavenge 50% of DPPH free radicals.

Free radical scavenging activity-qualitative test: A Thin Layer
Chromatography (TLC) plate was used to detect the antioxidant
activity of extracts. This test is based on the principle of the
reduction of a stable radical, 1, 1-Diphenyl-2-Picryl-Hydrazyl
(DPPH) which presents a specific absorption at 517 nm which
gives it a purple color. When DPPH is reduced by a radical
scavenger, its color disappears to give yellow spots on a purple
background . The plates used are aluminum coated with silica
(Silicagel 60 F254, Merck). On these silicagel plates, 5 μL of a 5
mg/mL concentration solution of extract was spotted. The plates
were developed in vertical chambers pre-saturated for 15 min
with the optimized mobile phase- butanol: acetic acid: water
(60:15:25, v/v/v). The plates were dried in a hood for 30 min
before derivatization. TLC plates were immersed for 5 s in freshly
prepared 0.1% (w/v) methanolic DPPH solution. After removing
DPPH excess, plates were kept in the dark for 30 min.
Antioxidant activities of separation zones were observed almost
immediately after spraying as yellow spots on a purple
background.

Antiplasmodial assay
Field isolates collection: Plasmodium falciparum isolates were

collected from i patients with uncomplicated malaria and sent to
the laboratory. Blood samples collection were done at the health
center of Wassakara by venipuncture in heparinized tubes from
patients older than 18 years and infected with P. falciparum
malaria after informed consent was obtained. Samples were
collected then transferred at 4°C to the Ex-vivo chemosensitivity
platform established in 2013 at Centre Suisse de Recherches
Scientifiques en Côte d’Ivoire with the financial support of
Medicines for Malaria Venture (MMV) for In vitro assays.

In vitro antiplasmodial assay for crude extracts and fractions:
A SYBR Green I-based In vitro IC 50 drug sensitivity assay,
described earlier, was used to test each P. falciparum field
isolate and reference strain. All assays were carried out on 96-
well plates filled with an infected red blood cells in the following
proportions of parasitaemia<0.3% and hematocrit 5%. The In
vitro P. falciparum continuous culture used for assays is derived
from that developed by Trager et al. Jensen . Inhibition of
parasite growth was measured using the SYBR Green method .

The reading was done with the Spectra Max GEMINI XPS
spectrofluorometer (Molecular Devices) at 535 nm after
excitation at 485 nm. The IC50 are determined graphically, using
In Vitro Analysis and Reporting Tool (IVART) software developed
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by WWARN . Based on WHO guidelines and previous data
antiplasmodial activity was classified as follows: high (IC50<5
µg/mL), promising (5<IC50<15 µg/mL), moderate (15<IC50<5
µg/mL) and inactive (IC50>50 µg/mL).

In vitro hemolysis assay
A stock solution of samples was prepared in an appropriate

solvent at concentrations of 100 μg/mL and 50 μg/mL, taking
into account that the solvent volume must not be greater than
1% in the final solution.

To perform hemolysis assay, 10 μL of stock solution was
placed in an Eppendorff microtube and mixed with 190 μL of
RBC (10%) as control. The negative control comprised 10 μL of
PBS+190 μL of 10% RBC and the positive control was prepared
with 10 μL of 20% Triton X-100+190 μL of 10% RBC. Tubes were
centrifuged for 5 minutes at 2200 rpm and 150 μL of
supernatants were placed in a 96-well plate. The absorbance
was read at 550 nm with a plate reader (Multiskan FC, Thermo
Scientific) (Figure 4).

The following formula was used to calculate the percentage of
hemolysis:

Abs= absorbance at 550 nm

Figure 4: Figure showing the absence of hemolysis in contrast 
to the positive control.

TN: Negatif controls; TP: Positif controls; D: Dialium dinklagei ; 
NL: Newbouldia laevis ; CF: Cnestis ferruginea

Statistical analyses
Results are expressed as mean ± SEM of three determinants. 

Comparisons among the groups were tested by two-way ANOVA 
using Graph Pad Prism, Version 5.0 (Graph Pad Software, San 
Diego, CA, USA). Differences with P values<0.05 were considered 
as statistically significant.

Ethical issues
The study was conducted in accordance with the local laws 

and regulations, and International Conference on

Harmonization-Good Clinical Practice (ICH-GCP). The protocol
was reviewed and approved by the National Ethical Committee
for Research (Reference: 038/MSLS/CNER-dkn). Written
informed consent was obtained from participants for blood
collection and from traditional healers. In case of an illiterate
participant, his/her thumb impression and signature of an
independent witness were sought.

Results

Antioxidant activity
Free radical scavenging activity-quantitative test: Only

decoction and methanolic extracts were tested. The antioxidant
activity exerted on the DPPH free radical by the crude extracts is
dose dependent in all extracts demonstrating that all three
plants exhibit antioxidant activity (Figure 5).

DDDecoction: Decoction of Dialium dinklagei

NLDecoction: Decoction of Newbouldia laevis

CFDecoction: Decoction of Cnestis ferruginea

DDMethanolic: Methanolic extract of Dialium dinklagei

NLMethanolic: Methanolic extract of Newbouldia laevis

CFMethanolic: Methanolic extract of Cnestis ferruginea

A: Percentage of inhibition of decoction extracts

B: Percentage of inhibition of methanolic extracts

The results are expressed as IC50 and are shown in Table 1. 
The extract with the lowest IC50 value has the highest 
antiradical activity. According to Table 1, all extracts have
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Figure 5: Evolution of the inhibitory ability of the extracts 
according to their concentrations.
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antioxidant activity, which varies from one extract to another
and from one plant to another (Table 1).

Decoction Methanolic extracts

Dialium dinklagei 21.85 ± 0.15 0.30 ± 0.30

Newbouldia laevis 19.50 ± 0.50 19.85 ± 0.15

Cnestis ferruginea 21.55 ± 0.15 20.65 ± 0.15

Vitamine C

(Standard)

3.71 ± 0.38

Differences between the extracts and standard molecule 
(Vitamin C) and between extracts themselves are statistically 
significant (P<0.05). Newbouldia laevis appears as the most 
active plant on the DPPH radical with an IC50 of 19 µg/mL with 
its methanolic and decoction extracts. As for the reference 
molecule (Vitamin C), it has an IC50 of 3.71 µg/mL.

Free radical scavenging activity-qualitative test: Extracts 
migrated on a silica gel plate with butanol-acetic acid-water 
(60/15/25) solvent system were revealed with DPPH. Only 
fractions with good antiplasmodial activity were tested.

All the crude extracts and fractions from the partitions that 
we tested were active with DPPH giving a yellow spot on purple 
background (Figure 6).

DDF3: Partition F3 (acetatic) of Dialium dinklagei

NLF3: Partition F3 (acetatic) of Newbouldia laevis

CFF2: Partition F2 (butanolic) of Cnestis ferruginea

AG: Gallic acid
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Table 1: Inhibitory ability (IC50) of extracts (µg/mL) of methanolic extracts and decoctions.

Antiplasmodial activity
Plasmodium falciparum isolates and reference strain 3D7 and 

Dd2 were tested first on the crude extracts. Table 2 shows the 
IC50 values of the crude extracts after data analysis. Among the 
12 extracts from the 3 plant species, 6 are without 
antiplasmodial activity, 6 show antiplasmodial activities on the 
erythrocytic cycle of Plasmodium falciparum. Among these 6 
extracts, 4 have promising antimalarial activity (IC50<15 μg/mL).

The four field isolates tested were CQ sensitive. Quinine and 
Artesunate whowed good activity against field isolates (Table 2).

Figure 6: Yellow spot on purple background indicating the anti-
radical activity of the partitions DD F3, NL F3, CF F2 and AG.



Table 2: Antiplasmodial activity of crude extracts.

Crude extracts with promising activity (IC50<15 μg/mL) were 
subject to liquid-liquid partitions to improve their activity. The 
highest selective antiplasmodial activity was found with 
Newbouldia laevis acetate fraction. Methanolic and aqueous 
fractions also had a good activity on field isolates and Dd2 
strains.

Table 3 shows the IC50 values of the extracts obtained after
partition. Liquid-liquid partitioning significantly improved the
antiplasmodial activity obtained with the crude extracts from
around 10 µg/mL to about 1 µg/mL. Extracts F3 of Dialium
dinklagei, F3 of Newbouldia laevis, and F2 of Cnestis ferruginea
gave the best results 1.22 ± 0.37 µg/mL, 6.11 ± 1.3 µg/mL, and
4.37 ± 0.77 µg/mL, respectively (Table 3).
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Strains /CI50 (µg/mL)

Clinical isolates Reference
strain

Plants Extracts Extraction
yield (%)

W536 W539 W552 ANK02 3D7 Dd2

Dialium
dinklagei

Dec 18.5 13.19 ± 3.17 13.74 ± 4.12 12.8 ± 2.4 12.9 ± 3.01 14.35 ± 0.79 13.82 ± 2.7

Hex 1 >50 >50 >50 >50 >50 >50

Met 4.5 17.66 ± 2.65 15.76 ± 5.63 19.15 ± 3.27 15.29 ± 3.76 14.97 ± 2.59 15.11 ± 2.26

Aq 4 18.34 ± 3.01 15.43 ± 2.24 17.33 ± 4.21 21.67 ± 3.29 19.54 ± 1.58 17.47 ± 1.26

Newbouldia
laevis

Dec 10.9 >50 >50 >50 >50 >50 >50

Hex 1.2 >50 >50 >50 >50 >50 >50

Met 4.4 11.51 ± 0.43 11.45 ± 0.36 12.85 ± 0.74 10.21 ± 3.22 13.35 ± 1.46 10.79 ± 2.15

Aq 5 >50 >50 >50 >50 >50 >50

Cnestis
ferruginea

Dec 17.95 12.85 ± 2.29 13.1 ± 3.19 11.96 ± 1.62 13.94 ± 3.23 11.78 ± 2.21 11.85 ± 1.43

Hex 1 >50 >50 >50 >50 >50 >50

Met 5.4 >50 >50 >50 >50 >50 >50

Aq 5.8 13.68 ± 2.76 13.74 ± 2.72 12. 35 ± 1.44 13.56 ± 3.1 12.15 ± 1.91 12.35 ± 4.21

Chloroquine
(nM)

33.01 ± 0.92

(0.01 µg/mL)

42.71±1.32

(0.013
µg/mL)

37.31 ± 3.24

(0.011
µg/mL)

35.38 ± 4.92

(0.011
µg/mL)

51.07 ± 2.23

(0.016
µg/mL)

116.71 ±
5.11

(0.037
µg/mL)

Quinine (nM) 5.76 ± 0.95

(0.0019
µg/mL)

23.87 ± 1.12

(0.008
µg/mL)

44.37 ± 2.15

(0.015
µg/mL)

Artesunate
(nM)

3.43 ± 0.49

(0.0013
µg/mL)

2.22 ± 0.16

(0.0008
µg/mL)

6.31 ± 3.01

(0.0024
µg/mL)

Dec: Decotion; Hex: Hexanic; Met: Methanolic; Aq: Aqueous
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Dialium dinklagei F1 Decoction 12.66 6 .05 ± 0.88 14.63 ± 4.5 17.23 ± 2.3

F2 Decoction 33.2 12.47 ± 1.06 11.68 ± 2.39 12.61 ± 1.39

F3 Decoction 27 1.47 ± 0.46 4.56 ± 1.97 1.22 ± 0.37

F4 Decoction 24.33 5.71 ± 0.79 11.88 ± 1.06 10.38 ± 3.06

Newbouldia laevis F1 Methonolic 52 9.63 ± 2.21 9.39 ± 2.83 13.29 ± 2.71

F2 Methonolic 16.5 9.26 ± 1.74 22.5 ± 1 19.36 ± 3.05

F3 Methonolic 5.2 6.11 ± 1.3 12.62 ± 1 6.32 ± 1.7

F4 Methonolic 23.8 8 ± 0.9 7.32 ± 1.18 17.51 ± 2.31

Cnestis ferruginea F1 Decoction 2.66 Not tested

F2 Decoction 30 5.51 ± 0.94 7.07 ± 1.11 4.37 ± 0.77

F3 Decoction 30 .33 5.76 ± 1.06 7.41 ± 1.21 8.35 ± 2.12

F4 Decoction 36.9 5.83 ± 2.67 6.76 ± 1.13 6.62 ± 2.02

Chloroquine 26.49 ± 2.33 nM

(0.008 µg/mL)

52.49 ± 3.82 nM

(0.016 µg/mL)

129 ± 7.32 nM

(0.041 µg/mL)

Artesunate 1.59 ± 0.46 nM

(0.0006 µg/mL)

3.16 ± 0.38 nM

(0.0012 µg/mL)

1.36 ± 0.56 nM

(0.0005 µg/mL)

F1: Ether fraction; F2: Butanol fraction; F3: Acetatic fraction; F4: Aqueous fraction

Hemolytic activity
No fraction extract was found to exhibit significant red blood 

cells lysis activity with a percentage of hemolysis <1% for all

tested extracts (conc=100 µg/mL and 200 µg/mL). This indicates
that anti-plasmodial activity is not correlated with hemolysis of
red blood cells but with a real action against the parasite (Table
4).

Plants Extract Concentration (µg/mL) Hemolytic activity (%)

Dialium dinklagei DD Decoction 200 1.36

100 0.90

F1 Decoction 200 1.07

100 0.80

F2 Decoction 200 0.85

100 0.79

F3 Decoction 200 0.96

100 0.92
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Table 3: Antiplasmodial activity of Dialium dinklagei, Newbouldia laevis and Cnestis ferruginea chromatography 
fractions.

Clinical isolates Reference strain

Plants Extracts Yield (%) W639 A149 Dd2



F4 Decoction 200 0.61

100 0.57

Newbouldia laevis NLMethanolic 200 1.04

100 0.97

F1 Methanolic 200 0.85

100 0.70

F2 Methanolic 200 1.09

100 0.77

F3 Methanolic 200 1.04

100 0.95

F4 Methanolic 200 0.82

100 0.63

Cnestis ferruginea CF Decoction 200 0.97

100 0.68

F2 Decoction 200 1.05

100 0.39

F3 Decoction 200 0.65

100 0.46

F4 Decoction 200 0.79

100 0.65

Negative control (PBS) - - 0%

Positive control (Triton X-100
20%)

- - 100%

Discussion
The increasing prevalence of malaria exhibiting resistance of 

Plasmodium falciparum to standard treatments has led to the 
identification of new antimalarial compounds . Screening of 
plants used in traditional medicine for malaria treatment is one 
way to discover promising drugs/compounds . They are 
inexpensive and easily available, particularly if people grow 
them themselves. In vitro inhibitory activity of hexanic, 
methanolic and aqueous extracts of Dialium dinklagei. 
Newbouldia laevis and Cnestis ferruginea leaves on chloroquine 
sensitive and chloroquine resistant laboratory strains and field 
isolates P. falciparum were tested. For the purpose of this study, 
an IC50 value of ≤ 10g/mL was classified as promising activity,

and ≤ 5g/mL was considered to be highly active. When IC50>50 
μg/mL, the extract is classified as inactive and rejected .

Our findings indicated that only decoction crude extracts of 
Dialium dinklagei and Cnestis ferruginea and methanolic crude 
extract of Newbouldia laevis had a promising antiplasmodial 
activity on Dd2 and 3D7 laboratory strains. So these extracts 
have been fractionated.

The liquid-liquid partition improved the antiplasmodial 
activity to 1.22 ± 0.37 µg/mL, 6.11 ± 1.3 µg/mL and 4.37 ± 0.77 
µg/mL respectively for the F3 extract of Dialium dinklagei, F3 of 
Newbouldia laevis and F2 of Cnestis ferruginea. The activity of 
the F3 extract of Dialium dinklagei is higher than that obtained
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Table 4: Haemolytic activity of Dialium dinklagei, Newbouldia laevis and Cnestis ferruginea.
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with the ethanolic extract of Artemisia annua (IC50=3.9 μg/mL),
the plant from which artemisinin is isolated (reference molecule
used against malaria nowadays) . This work is the first report of
antiplasmodial activity of Cnestis ferruginea and Dialium
dinklagei. The observed activity could be due to the richness of
these plants in secondary metabolites . Antiplasmodial activity
of Newbouldia laevis was confirmed by previous studies . The
antiplasmodial activity of Newbouldia laevis leaves could be due
to his chemical compounds. In a previous study, we
demonstrated that the leaves of Newbouldia laevis contain
plenty of saponins and alkaloids, moderate flavonoids,
polyphenols, anthocyanins, tannins, and in low quantity sterols,
polyterpenes, coumarins, quinones and leucoanthocyanins .

In this study, Chloroquine was active against field’s isolates
and Dd2 strains. Values of IC50 obtained were lower compared
to those found in previous studies. In Côte d’Ivoire chloroquine
has been officially withdrawn from malaria treatment guidelines
since 2003. It seemed that this molecule became currently
active on falciparum isolates. However, this reversion of
chloroquine resistance should be confirmed by future In vitro
and In vivo and molecular studies. Haemolytic activity
represents a useful starting point as it provides the primary
information on the interaction between molecules and
biological entities at cellular level. The results of haemolytic
activity indicated that extracts tested have no or low hemolytic
activity. This indicates that anti-plasmodial activity was not due
to hemolysis of red blood cells but with a real effect of the
extracts against the parasite. Therefore, we can conclude that
the results obtained during the antiplasmodial activity are not
influenced by this weak haemolytic action . The DPPH
quantitative test showed good antioxidant activity of the plant
extracts probably due to abundance of total polyphenol . These
Ivorian plants could therefore be considered as sources of
natural antioxidants for medicinal purposes. The extracts
showed dose-dependent DPPH radical scavenging activity.

The antioxidant test carried out on TLC plates gave yellow
spots on a purple background indicating the anti-radical activity
of the fractions. All extracts submitted to this test reacted
positively. The antioxidant activity of these extracts could be
explained by the presence of polyphenolic substances: phenols,
flavonoids and tannins. The antioxidant activity of extracts could
be an important contribution to successful of malaria treatment.
Indeed, neutrophils activated by parasites induce a destruction
of endothelial cells which can be prevented by an addition of
antioxidants and proteolytic enzyme inhibitors In vitro . Malaria
parasites would cause oxidative stress in the patients by massive
lysis of red blood cells. Iyawe et al showed that the combination
of chloroquine and ascorbic acid significantly reduced the
oxidative stress caused by P. berghei in mice compared to
chloroquine alone. Antioxidants could attenuate endothelial cell
damage due to parasite-induced leukocyte activation .

This work provides an opportunity to find molecules that can
neutralize both the parasite and the oxidative stress induced by
the disease.

Conclusion
Overall, the In vitro activities of these three Ivorian plant

extracts are compatible with their use as traditional remedies
for malaria. This work could be a starting point for the
development of traditionally improved drugs in the treatment of
malaria, after deepening aspects of this study and conducting
clinical trials. We are currently attempting to isolate compound
with antiplasmodial activity from the most promising of these
plants, prior to testing in animal models of malaria. In addition,
the haemolytic activity tests of the extracts did not reveal
hemolytic activity which could interfere with the antimalarial
activity.
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