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This study aimed to contribute to the fight against malaria by
evaluating the anti-malarial potential of combinations of plants used in
traditional medicine to treat malaria in Benin. Antiplasmodial activity
was evaluated by the Sybr green method on clinical isolates and the K1
strain (chloroquine and pyrimethamine resistant) of Plasmodium
falciparum while the DPPH trapping test was used to determine the
anti-radical activity. Acute toxicity and anti-pyretic test were performed
in vivo on Wistar rats. Secondary metabolites were identified by tube
characterization tests and confirmed by spectrophotometric assay. The
aqueous decoctions of the recipes are not-hemolytic (percentage of
hemolysis <5%) and endowed with anti-plasmodial activity (Child:
IC50 <15 pg/mL). Combinations of plants are not toxic (LD50>5g/kg),
rich in secondary metabolites and contain anti-radical and anti-pyretic
molecules, but only the aqueous decoction of the child's recipe showed
good anti-radical activity (ICs = 0.095 pg/ml) and anti-pyretic
comparable to that of aspirin (reference molecule). The different
activities observed would be due to the synergistic effect of the
secondary metabolites (phenolic compounds, alkaloids, sterols,
terpenes) present in the investigated recipes. The toxicological and
clinical trials will allow us to bring to market anti-malarial and anti-
pyretic drugs.
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Introduction:-

Malaria is a parasitic disease caused by the presence and proliferation in the body of a protozoan of the genus
Plasmodiuml. It is transmitted to humans by the bite of a female mosquito, the Anopheles2. Young children,
pregnant women, no-immune travelers from malaria-free areas are particularly vulnerable to the disease when they
become infected. In 2017, there are an estimated 219 million cases of malaria. 92% of the cases occurred in Sub-
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Saharan Africa, resulting in 435,000 deaths, of which 61% are children under five years3. West African country,
Benin is not spared. Malaria is the leading cause of hospitalization and death for both the general population and the
target population4. Despite the current therapeutic arsenal for the treatment of malaria, the development of
resistance of Plasmodium to treatment5 reinforces the urgent need to find new natural antimalarials that are less
expensive and without major consequences for human health and the environment. Malaria causes tropical
pathologies treated by plants. According to the World Health Organization (WHO), in some countries in Asia,
Africa and Latin America, 80% of the population depend on traditional medicine because of lack of access to
modern medicine, inaccessibility to drugs despite the advent of generic drugs and socio-cultural behaviors of these
populations6. Unfortunately, these plants are not very often subject to pharmacognosic and toxicological studies.
The bioactive and toxic principles of plants are little known. There is therefore a permanent danger with regard to
the therapeutic doses on the one hand and the lethal doses on the other hand. In order to contribute to the sanitary
safety of the beninese population and of those living in malaria-endemic areas, the present work has been initiated
and aims to contribute to the fight against malaria by evaluating the anti-malarial potential of the combinations of
plants used in traditional medicine to treat malaria in a lake environment in southern Benin.

Material:-

Vegetable material:-

Vegetable material was obtained following an ethnobotanical survey carried out on the lacustrine population of
southern Benin. The number of plants per recipe varies from 6 (child) to 11 (pregnant woman). The plant material
was collected and identified at the National Herbarium of Benin before being dried at laboratory temperature (25 °©
C) until it’s mass stabilization and finally pulverized by an electric grinder (Brand RETSCH, Type SM 100).

Pregnant woman
Plant species families
Hibiscussurrattensis Malvaceae
Pavettacrassipes Rubiaceae
Cajanuspigeon Papilinoideae
Dissotisrotundifolia Melastomataceae
Cymbopogoncitratus Poaceae
Pleiocarpapycnantha Apocynaceae
Spathodeacampanulata Bignoniaceae
Cymbopogongiganteus Poaceae
Phymatodesscolopandria Polypodiaceae
Dichapetalummadagascariensis Dichapetalaceae
Newbouldialaevis Bignoniaceae
Child
Plant species families
Pteleopsissuberosa Combretaceae
Waltheriaindica Sterculiaceae
Lippiamultiflora Verbenaceae
Combretumindicum Combretaceae
Ehretiacymosa Boraginaceae
Hyptissuaveolens Lamiaceae

Animal material:-

In this study we used: Wistar rats, the K1 strain of Plasmodium falciparum (resistant to chloroquine and
pyrimethamine), clinical isolates of Plasmodium falciparumobtained at the Anonkoua-kouté Community Based
Health and Urban Training Program in Abobo, a peripheral district of Abidjan, Ivory-Coast.

Laboratory equipment

Among the laboratory equipment used, we can mention: the spectrophotometer (4049LKB, Biochrom, Cambridge,
CB4 4FJ Angland), the electronic thermometer equipped with sonde (Dostmann electronic GmnH), the centrifuge
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(Eppendorf, Centrifuge 5702), the hood with laminar flow (ESCO Airstream Class 1), optical microscope, incubator
(Heratherm, Thermo Scientific), spectrofluorometer (Spectra Max GEMINI XPS).

Reagents

Beer yeast, sodium chloride (Sigma-Aldrich), dinitrophenylhydrazine (Sigma-Aldrich), RPMI 1640
(eurobioAbCys), albumax I, L-glutamine (eurobioAbCys), hypoxanthine (eurobioAbCys), SYBR Green,
gentamicin (Sigma-Aldrich), TritonX-100 (Sigma-Aldrich), DPPH, sulfuric vanillin, aluminum trichloride, Folin-
Ciocalteu reagent are the reagents used during the differents manipulations.

Methodology:-

Phytochemical Screening:-

The determination of secondary metabolites has been made by differential coloring and precipitation reactions of the
main families of chemical compounds in plants. Thus, the search for sterols and terpenes was done by the
Liebermann test7. The characterization of phenolic compounds was made by the reaction with ferric perchloride8.
Flavonoids were identified by the cyanidin reaction9. The compounds belonging to the group of tannins were
highlighted by the reaction of Stiasny10. The search for saponosides is based on their aphrogenic property. The
alkaloid search was done using Mayer and Bouchardat reagents.

Determination of phenolic compounds:-

Total polyphenols: The method of determination of total polyphenols consisted to use a mixture of
phosphotungsticand phosphomolybdic acid which was reduced during the oxidation of phenols in the mixture
oftungsten blue oxide and molybden11. The filtrates hydro-ethanolic macerated (water/ethanol: 30/70) and aqueous
decoction were used.The absorbance was measured by a spectrophotometer (JENWAY50/60 Hz) at 765 nm. Gallic
acid was used as reference and the total polyphenol content in the extract was expressedin mg of gallic acid
equivalents per gram of dry matter.

Total flavonoids:-
The method of aluminum trichloride (AICI3) was used to quantify the total flavonoids. Thistechnique was based on
the formation of the aluminum-flavonoids complex that had a maximum absorption at500 nm12.

Condensed tannins:-

condensed tannins quantification was achieved by using the method of vanillin sulfuric13.The principle of this assay
was based on the binding of vanillin aldehyde group on the carbon in position 6 ofthe ring of the catechol to form a
red colored complex chromophore which absorbs at 510 nm.

Determination of anti-radical activity:-

This activity of each extract was assessed by measuring free-radical scavenging activity via the decoloration of a
solution of the free radical 1,1-diphenyl-2-picrylhydrazyl (DPPH). The absorbance (A) of DPPH was mesured with
a spectrophotometer at 517 nm14, and the radical scavenging activity of each sample was expressed as percentage
inhibition:

% inhibition = ([Acontrol—Asample]/Acontrol) x 100

Acute toxicity:-

The rats were fasted for 12 hours. They were divided into five lots (3 rats per batch) including a control group
receiving distilled water. The extracts were administered according to the body weight of the rats, by gavage at a
dose of 5 g / kg of animal body weight. After gavage of extracts and distilled water, the rats were observed
immediately then every 30 minutes, for three hours, the first day and once daily for 14 days. During this period, the
rats were weighed and symptomatic disorders (agitation, lack of appetite, motor difficulty, salivation, diarrhea,
convulsion and dyspnoea) were sought15.

Antipyretic test:-

Since malaria is a feverish disease, this test allowed us to evaluate the antipyretic potential of the recipes. The test
was performed at a dose of 500 mg/kg of rat body weight. This test was conducted according to the methodology
used by Dosseh and collaborators in 201416.
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Antiplasmodial test in vitro and ex vivo:-

In vitro tests on Plasmodium require permanent access to a strain maintained daily. The continuous in vitro culture
technique of P. falciparum used in our assays is derived from that developed by Trager and Jensen (1976)17. The
culture medium is RPMI 1640 (SIGMA®) enriched with 5% of albumax and L-glutamine (essential amino acid).
The healthy red blood cells used are group O, for good serum compatibility and positive Rh. Inhibition of
erythrocyte schizogony (P. falciparum) is measured using the SYBR Green method18-20. The range of
concentrations of the extracts tested varies from 100 to 1.56 pg/mL. They were tested in duplicate. The IC50 (extract
concentration that inhibits parasite growth by 50%) were determined graphically using the Worldwide Antimalarial
Resistance Network (WWARN) IVART software (In Vitro Analysis and Reporting Tool).

Hemolysis test in vitro:-

The purpose of this test is to determine whether the anti-plasmodial activity observed in vitro is not related to a
simple lysis of red blood cells. Indeed, if the sample causes hemolysis, the parasite can’t develop properly and thus
the measured anti-plasmodial activity would not reflect the action of the extract on Plasmodium. The methodology is
that used by Tuo in 201521. The following formula is used to calculate the percentage of hemolysis:

% hemolysis = [(Asample tested - Anegative control) / (Apositive control - Anegative control)] x 100

A is the Absorbance at 550 nm

Results and Discussion:-
Phytochemistry:-
The tablel below shows the different metabolites identified during the phytochemical screening.

Tableau 1:-Metabolites identified

Child Pregnant woman

Saponoside + +

Reducing sugar

Phenolic compound

Flavonoid

Anthocyanin

Condensed tannin

+ |||+ |+ |+

Gallic tannin

Leucoanthocyane

|+ [+ ]+ ]+ ]|+ ]+

Alkaloid

+

Quinone

Mucilage

+
+

Sterols and terpenes

+ :Presence ;- :Absence

We note the presence of saponosides, reducing sugars, flavonoids, anthocyanins, tannins, alkaloids, steroles and
terpenes in the recipes. On the other hand, mucilages and quinones are absent. The leucoanthocyanins were found
only in the recipe of the child. All the investigated recipes are rich in secondary metabolites. The presence of
alkaloids, flavonoids, sterols and terpenes recognized for their anti-plasmodial property22-24 in recipes would
justify their use in the treatment of malaria in Benin.

Extraction yield:-
Table 2:-shows the yields of extractions obtained.

Tableau 2:-Extraction yield (%)

Child Pregnant woman
Aqueous decocted 24.74 18.08
Macerated hydro-ethanolic 19.18 17.81
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The metabolites contained in the combinations of plants investigated, are more extractable by hot water than cold
hydro-ethanolic mixture. The main form of use of recipes by the population (decocted) is therefore the best from the
point of view of extraction efficiency of the metabolites. The increase in temperature during the decoction has a
positive influence on the extraction yield by promoting the diffusion and solubility of the extracted substances.
Some authors such as Penchev et al., 201025; Joki¢ et al., 201026; Agbangnan et al., 201212 reached the same
conclusion.

Phenolic content:-
Figure 1 shows the phenolic compound content of aqueous decocted and hydro-ethanolic macerated of the plant
combinations that are the subject of this study.
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TPC:-Total Phenolics Compounds; CT: Condensed Tannins
Figure 1:-Levels of phenolics compounds

Aqueous decocteds are richer in total phenolics compounds than hydro-ethanolic macerated, which confirms the
extraction yield obtained. The combination of plants used in the treatment of malaria in child is richer in total
phenolic compounds, flavonoids and condensed tannins as used for pregnant woman.

Anti-radical activity

The 1C50 values obtained following the DPPH trapping test are presented in Table 3.

Tableau 3:-1C50

Aqueousdecocted Hydro-ethanolic macerated
Child 0.095 0.350
Pregnant woman 0.320 0.4 00
BHA 0.090
Quercetin 0.100

The evaluation of the anti-radical property of our extracts shows that they have constituents which discolour the
solution of the DPPH which turns from purple to yellow. The anti-radical activity of each of the extracts on the free
radical DPPH is expressed as the concentration of the substrate which inhibits 50% of the DPPH radical (1C50). The
anti-radical ability of an extract is considerable when its 1C50 is low.The decoction of child recipe was very
effective with regard to trapping of DPPH compared to other extracts and reference antioxidants (quercetin: 0.1
mg/mL; BHA 0.09 mg/mL) used during this study.

Acute toxicity:-

At the end of the acute toxicity evaluation of the extracts, we did not observe any symptomatic disorder
(restlessness, lack of appetite, motor difficulty and dyspnea) or recorded no deaths in the rank of the rats subjected to
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this study. It appears that the investigated extracts are practically not-toxic with a lethal dose of 50 (LD50) greater
than 5 g/kg27.The weekly weighings carried out throughout the duration of the experiment (14 days) made it
possible to follow the weight evolution of the treated animals and those controls. Table 4 shows the average body
weight of the rats throughout the acute toxicity test.

Tableau 4:-Body weight of rats

DO J7 J14
Witnesses 192.60 + 14.01 199.70 £ 16.10 204.70 £19.88
Childag 215.30 + 8.37 219.70 £ 11.05 215.70 £11.78
Enfhet 254.70 £1.76 253.00 +£4.73 256.70 + 4.67
Womanaq 148.00 + 2.00 148.30 £1.76 143.70 £1.20
Womanhet 162.70 + 4.67 163.70 £4.70 163.30 + 3.84

Ag: Aqueous decocted ; Het: Hydro-ethanolic macerated

During the first week, we noted a weight gain in the rats fed with distilled water, the aqueous decoctions of the
recipes of the child, the pregnant woman, while in the second week we observe a loss of weight in rats taking
aqueous decocts from the recipes of the child, the pregnant woman. Nevertheless, the ANOVA test shows that this
difference is not significant at the 5% for the different groups. Thus, our extracts, "per o0s" do not affect the evolution
of body weight of rats. The change in body weight being an indicator of the adverse effects of chemical
compounds28, we can therefore conclude that the extracts are not toxic and don’t have single dose adverse effects at
5 g/kg body weight orally. The result obtained demonstrates the safety and employment security of the investigated
recipes.

Antipyretic test:-
Table 5 presents the results obtained following the evaluation of the antipyretic activity of the extracts investigated
in vivo.

Tableau 5:-Rectal temperatures of rats during the anti-pyretic test

Treatment Temperatures
TO T1 T2 T3 T4 T5
Negative control 37.50 + 37.87 + 37.87+£0.30 37.40 + 37.23 + 37.23+
0.10 0.27 0.35 0.35 0.35
Positive control 36.93 £ 3757 37.17£0.17 37.00 £ 36.67 36.03 =
0.32 0.14 0.23 0.35 0.25*
Child Het 37.53 + 37.87 + 38.03+£0.52 37.67 + 37.23 + 37.20 +
0.07 0.39 0.35 0.18 0.20
Child aq 37.17 37.13 % 36.77 £0.48 36.47 + 36.23 + 36.07 +
0.03 0.18 0.61 0.64 0.48 *
Pregnant woman Het 37.20 + 37.53 + 37.40+0.15 37.30 + 37.17 + 36.87 +
0.25 0.09 0.12 0.09 0.18
Pregnant woman aq 37.27 £ 37.37 37.27 £0.03 37.03 % 36.90 = 36.80 =
0.13 0.12 0.09 0.06 0.00

T: time; Ag: Aqueous decocted; Het: Hydro-ethanolic macerated
Mean + Standard Error on Average (M + ESM)
P <0.05

The result is that the recipes result in a linear fall in the rectal temperatures of the Wistar rats. Compared to the
negative control, we note that all the extracts contain anti-pyretic molecules. The aqueous decoction of the recipe of
the child showed activity antipyretic significant comparable to that of aspirin (reference molecule). Malaria being a
disease febrile, these extracts are indicated in case of malaria but also during other febrile diseases.

Antiplasmodial activity:-

Agqueous decoction of the recipes of child and pregnant woman were used during the antiplasmodial test on clinical
isolates (ex vivo) and reference strain K1 (in vitro) of Plasmodium falciparum. Table 6 shows the different 1C50
obtained.
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Tableau 6:-1C50 (ug/mL) of the extracts against Plasmodium falciparum

Child Pregnant woman
Clinical isolate 1 12.88 + 1.69 26.46 £ 3.20
Clinical isolate 2 18.81+2.31 30.75+ 2.27
Clinical isolate 3 22.37+1.41 39.01+1.10
K1 strain 10.21 +1.82 N D

The child's recipe has a promising effect on clinical isolate 1 (12.88 + 1.69 pg/mL) and K1 strain (10.21 pg/mL) of
Plasmodium falciparum with IC50 values below 15 pg/mL. We observe moderate anti-plasmodial activity with the
recipe of the pregnant woman. These results provide scientific proof of the efficacy of the combinations of plants
traditionally used by the lacustrine population of southern Benin in the treatment of malaria. This justifies the
enthusiasm of the population for these anti-malaria recipes accessible at lower cost.

Hemolytic test «in vitro:-
The table below shows the percentage of hemolysis of aqueous decoction of the plant combinations studied.

Tableau 7:-Percentage of hemolysis of both recipes

Percentage of hemolysis (%)

Child 1.57

Pregnant woman 0.89

A hemolytic power is defined if the percentage of hemolysis is greater than 5%. The recipe of the child has the
highest hemolytic activity, however it does not exceed 1.57%. We can therefore conclude that the extracts are not
hemolytic and are potential candidates for antiplasmodial molecules research.

Conclusion:-

This study aims to contribute to the fight against malaria through the study of toxicity and anti-radical, anti-pyretic,
anti-plasmodial and hemolytic activities of two combinations of plants used to treat malaria in children and pregnant
women in a lacustrine villages in southern Benin. At the end of this study, it should be noted that the aqueous
decocted of the child's recipe is not-toxic, not-haemolytic, with promising anti-plasmodial, anti-pyretic and anti-
radical activities. This head combination of plants is a potential source of anti-radical, anti-plasmodial and anti-
pyretic molecules. Clinical studies will allow its use in pharmaceutical and para-pharmaceutical industries.
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