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Original Research Article
Ex vivo antiplasmodial activity of plant extracts used intraditional medicine in Cote d’lvoire

Abstract

In view of increased resistance Bfasmodium falciparunto almost all conventional antimalarial
drugs, it has become necessary to search for resged of molecules from traditional medicinal
plants. Indeed, the best antimalarial drugs forcihhere are fewer cases of resistance today are
derived from medicinal plants (quinine, artemisiaimd its derivatives). In this study we evaluated
ex vivoeffectiveness of various extractsTerminalia glaucescersndErigeron floribunduson the
growth of P. falciparumisolates sensitive or resistant to amodiaquineoraiieg to the optical
version of the WHO microtest. Aqueous extractsvagtiof various organs of plants was first
measured and then three organic extracts of eatbfgalant.

Leaves and roots aqueous extract$.oflaucescensere the most active and showed respectively
ICs0s Values of 2.69 pg/ml and 0.99 pug/ml on amodiagsemsitive isolates (AQ-S) and 2.74
pg/ml and 1.56 pg/ml on amodiaquine-resistant isdlaQ-R).

Moreover with regards to the organic extracts, mweth extracts of leaves and roots ©f
glaucescenshowed the best activity with respective IC50srage values of 2.69 pug/ml and 1.39
pg/ml on isolates AQ-S.

The high antiplasmodial activity showed by extrastsT. glaucescensvould favor their use as
candidates for the development of improved trad#@l@ntimalarial drugs.

Keywords: Plasmodium falciparugrex vivq Terminalia glaucescens, Erigeron floribundus.

Introduction

Malaria remains a serious public health problen8 dfllion cases were recorded in 2013 causing
584,000 deaths, according to the WHO report in Z0]4Control strategies put in place to fight
against the disease, although having shown soreetefness, still have shortcomings in the face
of Plasmodium falciparunresistance to almost all conventional antimaladalgs including
artemisinin derivatives[Z], [3], [4], [5], [6]). This situation that constitutes a threat to mala
eradication implies among other solutions, the ded&or new classes of molecules derived from
natural substances through the study of traditidhetapies. This option remains promising and
very hopeful in two ways. First, the best antimaladrugs for which there are fewer cases of
resistance today are mostly from the traditionarptacopoeia. This is the case of quinifTé, (8],

[9]) as well as artemisinin and its derivativg3,([4], [10]). Secondly according to the WH®1],
42-90% of the population in Europe and 70-90% imricaf rely on traditional medicine for
treatment. It would therefore be of great interestpromote this type of medicine by the
implementation of Improved Traditional Medicine§ M) and modernized herbal medicines to
make it cheaper and therefore accessible to adirdégss of social status, especially in Africa veher
the majority of the population is very poor. Thiglwontribute to the development of stable forms
and standardized dosage to be taken.
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However, before developing these ITM, it is impatte highlight the activity of plants used in the
preparation of traditional medicinal plants.

Indeed, in Céte d’lvoire, several plants are usetidat fevers associated or identified with malari

Our study aimed at evaluating th& vivoefficacy of various extracts dferminalia glaucescens

andErigeron floribunduson the maturation d?. falciparumisolates.

Material and Methods

We conducted an experimental study which took pfem® 2009 to 2012 at the Malaria Research
and Control Centre (CRLP) of the National InstitatePublic Health (NIPH) and at the Diagnostic
and Research Centre on AIDS and its opportunisggieages (CeDReS) in Abidjan.

Collection of plants

Plants sampling sessions were held in Septembed @20the mornings for a week. The following
sites were selected for plants harvesting: alomgrdad linking the northern highway to Lamto
geophysics station, along road linking Taabo-g#laand Kotiessou; three localities in central Cote
d'lvoire in open forest and savannah area. We btagdeaves, stem and roots barkTerminalia
glaucescengCombretaceaethen the entire plant fdrigeron floribundus (Asteraceae).

Plant organs harvests were conducted in accordaticévorian law governing the management of
the national flora. A voucher specimen of each fpleas been made on-site for archiving at the
Herbarium of the National Floristic Centre in Alzdj

Antimalaria and plant extracts solutions

Amodiaquine (amodiaquine dihydrochloride dihydra&&8799-5G, Lot 038F0993V), used as a
reference molecule, was prepared as stock soluiigi®% methanol in a way as to obtain a final
concentration of 1600 nM in the inoculum. We themducted dichotomous dilutions of this
solution then giving a concentration range of 1680to 12.5 nM.

The collected plant organs were allowed to dry imcanditioned at (18°C) for 3 days in the
laboratory and then sprayed in the crusher (ImGagsher RETSH® M-26951).

Four types of extracts (aqueous, ethanol, methamblchloroform) were prepared for each plant.
Thus, for the aqueous extract, 100g of powder vagedbin 1 liter of distilled water for 45 minutes
and filtered through gauze. The filtrates obtaifiean decoction were then frozen and dried in
lyophilizer (Telstar ™ LyoQuest-55).

As for organic extracts, they have been obtainenhfthe stripping method for successive solvents
followed by evaporation on Rotavapor (BUCHI® RotpeaR-114).

Like the reference molecule, stock solutions ofraots were prepared from freeze-dried or
evaporates and diluted dichotomously in order t@miobfinal concentration range from 100 pg/ml
to 0.78 pg/ml in the inoculum.

Isolates of Plasmodium falciparum

25 field isolates oP. falciparumwere collected in an aseptic condition in EDTAdslobtain from
bend of the elbow in patients with uncomplicatedama. Parasitemia was greater or equal to 4000
trophozoites per microlite.ul) of blood. Thosel&es came from the communitarian hospital of
Anonkoua-Kouté in the north of Abidjan.

.




84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

123

124

After their delivery in the laboratory, samplespairasitized red blood cells were washed 3 times in
sterile Roswel Park Memorial Institute medium (RPMKO medium) and blood smears were made
for verification of the state of trophozoites, deimation of parasite density and confirmation of
species diagnosis. When the parasite density stagréhan 0.2% a dilution was done with healthy
red cells of group O previously washed in RPMI l6#@dium. Ex vivo culture tests were
performed within 12 hours of sampling of parasiiizdood.

Ethical Issue
The study protocol was approved by the Scientifan@ittee of the National Institute of Public
Health of Cote d'Ivoire. Patients gave their cohgefore making blood samples

Ex vivo culture tests

The tests were conducted in two stages. The fiagtesconsisted of screening of agqueous extracts
on 20 Plasmodium falciparunisolates. The second stage was to test éhf&lciparumisolates
organic extracts from plant parts with aqueousaetér gave a 50% inhibitory concentrations(C
relatively low. Amodiaquine was used as the stashdatimalarial drug.

The activity tests were performed according to ¢iptical variant of RIECKMANN microtest
recommended by the WH[Q2].

An inoculum was prepared, consisting of RPMI 164€dryed to pH 7.4 with 25 mM NaHCGGnd

25 mM HEPES and supplemented with 10% bovine seibommin and the pellet of parasitized red
blood cells (1.5% hematocrit).

The various dilutions of amodiaquine or plant estsavere distributed in duplicate or triplicate in
sterile culture plate of 96 wells of 50 pl per wélhree drug-free wells were used as negative
controls.

The inoculum was distributed in each well in quigntgf 200 pl per well. The plates were then
shaken gently for one minute to ensure thoroughngiof drugs in the medium. All plates were
finally incubated in an oven (SELECTA™) at 37°C #£ hours in an environment of 5% ¢

air.

At the end of incubation, thick films were produdeaim the culture pellets after assembling pellets
with same concentration. The test is validated dihlye have at least 20% of maturation in the
control wells. IG threshold for amodiaquine was 60 n¥3]

Statistical Analyses

Reading the slides after staining has enabled oaltwlate the various trophozoites maturation rate
for each drug concentration compared to contr@gesl values were measured through nonlinear
regression analysis of the logarithmic curve of ¢cbacentration - based on the growth inhibition
percentage using the software "ICESTIMATOR" versio (14], [15]). Ex vivoresponse oP.
falciparumwas expressed as geometric mean g V@lue with confidence intervals at 95%
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Results

Of the 25 culture tests made, 20 were validatgapportion of 80% success rate. There were 95%
of the isolates that were sensitive to amodiaqwith an IGy mean value of 10.70 nM against
only 5% resistant to amodiaquine with and@ean value of 68.93 nM.

All tested extracts showed significant antiplasmabdictivity on sensitive (AQ-S) and resistant
isolates (AQ-R) to amodiaquine.

On the AQ-S isolates the aqueous extract of thesrbarks ofT. glaucescenshowed the highest
activity followed by the aqueous extract of leavath ICs,s mean values of 0.99 pg/ml and 2.69
pag/ml respectivelyable 1). The same trend was observed on the AQ-R isaldtelCsos means
values of 1.56 pug/ml and 2.74 pg/mbple 1).

All organic extracts (made with the parts of plant®se aqueous extracts gave the best results) had
good activity on the AQ-S isolates of the secomgist Three of these extracts showed higher
activities. They are methanol extracts of leaves-{TMet) and root bark (TG-er_Met) ot
glaucescensand the ethanol extract (TG-er_Eth) of these baok. The best activities were

observed with the methanol extracts of leaves (TKeft) and root bark (TG-er_Met) with 46

means values of 2.69 pg/ml and 1.39 pg/ml respaygtiTable 2).

Discussion

Due to high level of resistance to chloroquine iorenrelatively high malaria endemic areas, this
molecule has been removed from the antimalariaggirior the treatment of uncomplicat&d
falciparum malaria[16]. Also, with regard to the 4-amino quinolines, aiagdine is used as an
antimalarial in combination with artemisinin derives. Thus, it seems wise to compare the anti-
malaria activity of new antimalarial drug candidateased on the sensitivity of Rilciparum
isolates to amodiaquine instead of chloroquine. this context, the use of
monodesethylamodiaquine (the active metabolite hi tolecule) for measuring thex vivo
sensitivity of P. falciparumwould be appropriatgg], [17], [18]). Meanwhile, like ours, several
studies have reported significant activity of anaggiine with 1Ges ranging from 3.93 nM to 39.55
nM [19]. Our results are similar to those of Okonj@0] who reported a mean 4g¢£value of 8 nM
with a study population of 62 amodiaquine-sensiie@ates. Olasehind@1], in a study of 100
isolates ofP. falciparumfrom the south-western Nigeria, reported ag Iidean value of 6.3 nM,
but with a higher percentage of resistant than;du8%o.

Although in lower to moderate proportions, the pres of isolates resistant to amodiaquine or its
active metabolite could jeopardize with time théeetiveness of combined therapies based on
derivatives of artemisinin containing this molecllecause of the selection pressure due to the
large-scale use of these drugs.

The medicinal plants used in our study were catiédtom the sites mentioned above according to
their frequent use by local population for the tmgent of diseases related to malaria. Parts otglan
collected were chosen following the indications tbé ethnobotanical survey. In this study,
regardless of the types of extracts or isolatestiwio plants tested had antiplasmodial activitiégl w
lower 1Cses less than 20 pg/n22].
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Table 1: ICs, values of amodiaquine and aqueous extraclasmodium falciparurnsolates
Amodiaquine-sensitive isolates Amodiaquine-resistant
isolates
Drugs Geometrical Interval of Extreme Geometrical mean l§g
Mean IG, Confidence at (ng/ml)
N (ng/ml) 95% (ug/ml)  Minimum  Maximum N
(standard
deviation)
(Arm/l‘;d'aq”'”e 14 10.70 (4.61) 8.29-13.11 2.26 39.74 1 69.93
EF extract 14 6.78 (1.97) 5.75-7.81 0.81 47.22 1 26.17
TG-F extract 14 2.69(0.03) 267-271 0.29 23.89 1 2.74
TG-ET extract 14 5.55(0.43) 5.32-5.78 0.76 5957 1 571
TG-ER extract 14 0.99 (0.13 0.92-1.06 0.36 8.93 1 1.56

N;: number of amodiaquine-sensitive isolates tested
N,: number of amodiaquine-resistant isolates tested
EF: Erigeron floribundus

TGE:T. glaucescentaves
TG-HE: T. glaucescenstem bark
TG-ER:T. glaucescenmots bark

Table 2: ICso values of amodiaquine and organic extracts ofdeand roots barks ot

glaucescensn Plasmodium falciparurnsolates

Geometrical Mean

ICs0 (Hg/ml)
(standard deviation)

Drugs N

Interval of Confidence Extreme

at 95% (png/ml)

Minimum  Maximum

Amodiaquine (nM) 05 10.70 (1.45)
TG-f_Eth 05 6.18 (1.09)
TG-f_Met 05 2.69 (0.64)
TG-f_Chl 05 5.99 (1.15)
TG-er_Eth 05 3.06 (0.15)
TG- er_Met 05 1.39 (0.15)
TG- er_Chl 05 6.15 (0.13)

9.43 -11.97 7.07 2513
5.23-7.13 2.65 25.55
2.13-3.25 0.62 21.44
4.98 —7.00 2.4 33.94
2.93-3.19 1.16 13.22
1.26-1.52 0.52 3.29
6.04 - 6.26 2.62 20.73

N: number of tested isolates;
Met = Extract with Methanol;

TG=T. glaucescenkaves
Eth = Extract withHanol;

TGer =T. glaucescenmoots bark
Chl = Extract with Chloroform

<
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Indeed, the first screening revealed that all tkteaets had a significarex vivoactivity againsP.
falciparum sensitive to amodiaquine. As for the resistantaiep only three extracts fronf.
glaucescenggave high activities. So we observed that whatdype of isolate (sensitive or
resistant), the aqueous extracts of the leavesr@tdbark of T. glaucescenshowed better anti-
malaria activity.

A similar study conducted on 33 plants from IvoriBharmacopoeia showed that 24% of these
plants had significant activity on the chloroquiesistant plasmodium strain FcB1. Among these
plants, Nauclea latifolig Fagara macrophylla Funtumia elasticaPhyllanthus muellerianuand
Rauvolfia vomitoriawere more active with ¥ values of 8.9; 2.5; 3.3; 9.4 and 2.5 pg/ml
respectively{23].

Also, among the organic extracts from leaves aratsrdarks ofT. glaucescenshe methanol
extracts of the two parts have the best activitiessolates. Methanol seems to be here the best
solvent that can extract enough active compoundmsiPlasmodium falciparumOther authors
have reported an Kgof 2.43 pg/ml with the pentane extractfofglaucescengR4] against values
ranging from 4.3 to 10 pg/ml for that &. floribundus[22]. Other studies have also shown
relatively low IGes value with some plants used in traditional meicireflecting their good
antiplasmodial activity. They are especialgadirachta indicg6.24 pg/ml)[25], Artemisia annua
(6.25 pg/ml) [26], Alchornea cordifolia (3.36 pg/ml) [22], Tabernaemontana eleganand
Vangueria infausta(Clsp < 2ug/ml) [27] and thenChromolaena odoratg4.8 and 6.74 pg/ml
againstP. falciparumHB3 and FCM29 respectivel{28].

However, in our study, it should be noted thatdh&plasmodial activities of organic extracts did
not seem to be improved compared to that of aqueatrsicts on AQ-S isolates. This profile
suggests that either the compounds responsibledioveying these activities to the parts of the
plants tested are more hydrophilic or the solveetscted could specifically extract, in addition to
the active compounds, some non-hydrophilic compsuhdt may have an antagonistic effect. So, a
bio-directed fractionation of these extracts shidlw us to confirm or deny these assumptions.
Nevertheless, studies performed on these extraotsus reason to continue our explorations for
future conception of Improved Traditional MedicingEM). Indeed, the work of Tanf29] shows
that both methanol extracts are not tariwivo within the quantitative therapeutic dose estimatied
13.90 mg/kg body weight. The LB were respectively 2085 mg/kg body weight for thets
extract and higher than 2500 mg/kg body weightlierleaves extract. These values are interesting
seeing that for artemisinin as reference substd?itan[30] reported in its work a therapeutic dose
of 10 to 20 mg/kg body weight with an kfof 4228 mg/kg of body weight. Thus, fractionatemd
purification of our organic extracts could enable W isolate active ingredients with lower
therapeutic dose values approaching that of arédsunmitch goes from 2 to 4 mg/kg body weight
with an LDsp of 1150 mg/kg body weigh80].

Conclusion

The extracts that we tested here contain activedhgnts capable of inhibiting the maturation of P.
falciparum. The Igs obtained with agueous and methanolic extractiseofeaves and roots bark of
T. glaucescensndicates that these extracts possess signifieatiplasmodial activity. These
extracts could be good candidates for the developrog their antimalarial ITM after suitable
toxicology evaluation.
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