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ABSTRACT

The aqueous and hydro alcoholic extracts of Artemasnua plants acclimatized and set in culturéBemin, were
investigated for their in vitro and in vivo antinaalal value. These extracts were prepared by désocand

maceration using water and ethanol, and were tedtedin vitro activity against the strains of Plasdium

falciparum. Those extracts were also investigatedivo against Plasmodium berghei NK 173 infectézkrby the
4-day suppressive test. The action of these estkaas similar in vitro to the action of pure artaimin at the same
dosage. But, the in vivo studies on mice show weahave the same efficacy with aqueous extract @nAua

(artemisinin content of 20 mg/kg) than with puréeamisinin at a dosage of 140 mg/kg. The hydro aliolextract

of A. annua (artemisinin content of 20 mg/kg) watds than the both other conditions. The othemmponents of
the plant Artemisia annua potentiate artemisinitivaty on Plasmodium. The aqueous and hydro aldoheltracts

of Artemisia annua L. are very effective on malaaiad they can be used by populations to cure thisade,

especially in endemic areas where modern medi@negxpensive.
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INTRODUCTION

Qinghaosu (artemisinin), isolated from the traditib Chinese antimalarial planfrtemisia annua L.has been
shown to be active against the malaria, as wehénsimple forms as in complicated ones and alfeztéfe in the
chloroquino-resistant forms [1,2,3].

It is thus recommended by WHO since 2001, withd@svatives for the treatment of malaria in endearieas [4].
But these drugs are relatively expensive for logoime populations in African countries.

In this situation, it is judicious to consider thse of the entire plarirtemisia annua Land its rough extracts to

treat malaria. This is all the more justifying riafusions of the plant were found to be efficientsimple malaria
[5]. In spite of the low quantity of artemisinin hese infusions, the patients were successfutigd:u
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Mueller et al. [5] have used an infusion (5 g ofedrleaves ofA. annuain 1 liter water per day during 5 days)
containing 12 mg artemisinin, on patients in Corfeey found a 74 % cure rate.

In another work completed by Rath et al. [6], tlaignts received 1 liter of infusion obtained fr@m of dried
leaves of a special variety Aftemisia annuaontaining 1,39% of artemisinin. This dose, egl@irtito 94,5mg/l of
artemisinin was delivered in one day. Although dinemisinin quantity was only 19% of the usualydamount of
artemisinin in an adult, the maximum plasmatic @mations were 240+75ng/ml of artemisinin; whatresponds
roughly to 40% of the maximum concentrations oladiwith tablets of 500mg artemisinin. The data ioleth show
that artemisinin is more quickly absorbed from gifuins than from tablets containing pure artemisibiat the
bioavaibility is similar in both cases. Howevergthse ofArtemisia annuatea to treat malaria continues to be
controversial [7, 8];

A recent study realized by Atemnkeng et al, [9pams the evaluation of. annuainfusion efficacy for the
treatment of malaria in mice. They conclude thatnnuatea could reduce parasitaemia but not to a cerddivel.
But the doses delivered to mice in this study weactly the same as in human cases; no correciarfrelative
to rodent was applied. In fact, human and rodemabolisms are not the same.

In the present work, we study thevitro andin vivo antimalarial action of agueous and hydro alcohekittacts of
Artemisia annuaplants cultivated in Benin

The choice of the mice as experimental model cdp teeavoid influence of immunity t®lasmodium(which is
frequent in endemic countries) and possibility sgaciated medication in human patients.

EXPERIMENTAL SECTION

2.1. Material

2.1.1. Solvents and reagents

The seedling®f Artemisia annuaised in this study were provided by the LaboratminApplied Ecology of the
Agronomic Faculty of Sciences of Université d’Abgm@alavi in Benin. In fact, this Asian plant wachwmatized
and set in culture in Benin. The seeds were obddireen Anamed® (Winnenden, Germany).

Ethanol (Ph Eur 96%) was acquired at VWR® (Fontes@ays-bois, France). Methanol was HPLC-Grade arsl wa
purchased, with KOH from VWR®. All the other reatge(monopotassic and dipotassic phosphate and pbosp
acid 98%) were of analytical grade and acquireMeatck® (Darmstadt, Germany) and Alfa Aesar® (Karts,
Germany), respectively.

2.2. Parasites and media
Crude extracts were evaluated for their antiplasedaaktivity in vitro against a chloroquine-sensitive strain of
Plasmodium falciparum (3D7) were obtained from P@rkllier (Musée d’'Histoire Naturelle in ParisaRce).

Plasmodium falciparunf3D7) asexual erythrocytic stages were cultivatedtinuously in vitro according to the
procedure described by Trager and Jef$6hat 37°C and under an atmosphere of 5% CO2, 5% 02 andN®%
The host cells were human red blood cells (A orl3)RThe culture medium was RPMI 1640 (Gibco) conita
32mM NaHCO3, 25mM HEPES and L-glutamine. The medwas supplemented with 1.76 g/l glucose (Sigma—
Aldrich), 44 mg/ml hypoxanthin (Sigma—Aldrich), 1@@g/L gentamycin (Gibco) and 10% human pooled sgfdm
or O Rh+). Parasites were subcultured every 3—-4 daiyh initial conditions of 0.5% parasitaemia ah®b
haematocrit.

2.3. Methods
2.3.1. Preparation of extracts
Plant material was dried in air conditioner roompp@ximately 25°C) and powdered before extractions.

Aqueous extract was prepared by adding 1 L of Hoiater to 9 g oAA. annualeaf powder. This infusion was left
to cool for 15 minutes and then filtered. The &iter was freeze-dried to obtain the dried aqueotaaof the plant.
For the hydro alcoholic extract, portions of 35dL8f A. annualeaf powder were macerated for 1 hour with 500 ml
of ethanol 96%. The unit is agitated mechanicallsirty extraction and all the system is kept at ambiemperature
(approximately 30°C). The mixture is then filtenelder vacuum. Filtrate was evaporated to drynedsrureduced
pressure.

All extracts were kept in a cold room (6°C) uniietr use for assays.
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2.3.2 Artemisinin quantification in the extracts

UV detection of artemisinin is not easy, due toltdak of chromophores. So, it must be pre- or plesivatized. We
used in this study prederivatization inspired fr@nao and Zeng [11] method which has been modified a
validated in hydro alcoholic extracts Af annua[12].

This method was used to quantify artemisinin inahaeous and the hydro alcoholic extracts of that@nd also to
determine its artemisinin content (quantificationsmxhlet extract oA. annuaby petroleum ether).

For the prederivatization, 1ml of sample (extractuBon or standard solution) was transferred iatd0 ml
measuring flask. 4 ml of 0.2% (m/v) NaOH solutioasradded in the flask, and then left to react &536r 30 min.
After cooling during 10 min, 1 ml of ethanol wasdad. Finally the flask was filled with acetic a€i® N.

All solutions were filtered on a PTFE 0.45 um meant& before HPLC analysis. The HPLC apparatus used f
artemisinin quantification was an Hitachi Allianfrem VWR® with LaChrom Elite software for data adsjtion.
Chromatographic separation was performed with arsad phase RP-18 LiChroCART column (250 mm x 4 mm
I.D.; particle size: 5 um). Mobile phase consisted mixture of methanol and phosphate buffer (8,00 pH: 6.3)
(45/55, viv). A flow rate of 1 ml/min and detectiah 260 nm were used. The column was maintain@b4t and
the injection volume was of 20 pl.

2.3.3. TLC analysis of the extracts
Analysis were carried out on TLC plates with a nelphase consisting of dichloromethane- acetong 835or the
terpens and ethyl acetate — acetic acid — ac formaater (100:11:11:26) for the flavonoids.

In terpens case, revelation was done with sulfe@riganillin and then dried at 100°C before obseovabtf spots.
The revelation of flavonoids plate was done und€rlight (366 nm).

2.3.4. In vitro antiplasmodial activity

Parasite viability was measured using parasitealactiehydrogenase (pLDH) activity according to tethods
described by Makler et al. [13]. The in vitro tesis performed as described by Bero et al. [14]erisinin (98%,
Sigma-Aldrich) was used as positive control. Fatsick solutions of crude extracts were preparesthanol, sterile
water and DMSO respectly for hydro alcoholic extracjueous extract and pure artemisinin. The soistwere
further diluted in medium. The highest concentratid solvent to which the parasites were exposesi 1848, which
was shown to have no measurable effect on paraisibdlity. Each extract sample was applied in agheiserial
threefold dilutions (final concentration range: @mows of a 96-well microplate and was tested iplitate. The
parasitaemia and the haematocrite were 2% and d$pectively. According to the WHO guidelines andvjus
results [15, 16], antiplasmodial activity was clfied as follows: highly active at IC50<5ug/ml, pnesing at 5-15
pg/ml, low at 15-50 pug/ml and inactive at >50 pg/mli

2.3.5. In vivo antimalarial activity

The present work was approved by the Ethical Cotemifor using animals at the University of Liegé {#9).
Aqueous and hydro alcoholic extracts of A. annuaewassessed fan vivo activity in a 4-day suppressive test
againstPlasmodium berghei berghaifections in mice [17]Female Swiss mice (10 weeks of age) mean body
weight 25 + 2 g obtained from Charles River Laborias (Brussels) were inoculated (2%1€rythrocytes
parasitized withPlasmodium berghei berghBiK 173) intraperitoneally on day O following theopocol described

by Frederich et al. [18]. They were randomly divda to five mice per group. All extracts beforeatment were
dissolved in 3% ethanol and 7% Tween 80. Each mmcmves 100ul/administration for all the prodeotcept for
hydro alcoholic extract for wich 200ul/administoatiwas given because of its partial solubility.

The treatments dose, 1000mg/kg/day for aqueousaxémd 500 mg/kg/day for hydro alcoholic extrgbipth
corresponding to 20 mg/kg/day of artemisinin) wgieen per os 4h after infection on day 0 and regzbdwice
daily for 5 days.

The artemisinin (positive control) dose administiete the mice was 140 mg/kg/day, correspondincheoWHO
advice dosage for humans readjusted for rodentge cbntrol group received distilled water during thdays of
treatment.

On days 4, 5 and 7 post-infection, a thin blood amevere made from mouse tail blood and stained @iemsa.
Percent of parasitaemia reduction was determinedosgopically using the following equation accordio Fidock
et al. [19]. % reduction of parasitaemia = 100—-[@mgarasitaemia treated/mean parasitaemia negatiteol) x
100]. Mice stayed under observation and survivorsay 14 post-infection were considered as cured.
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2.3.6. Statistical analysis
Differences between groups were analyzed by a studéest. Statistical significance between treattsavas set at
p <0.05.

RESULTS AND DISCUSSION

3.1. Artemisinin content of the plant and the extrats

The artemisinin content of the us@d annuabatch was determined as 2.95 mg/g (0.295 % oflehyes). This
artemisinin content determined for the Artemisianan seedlings cultivated in Benin is low comparedhose
obtained in other countries. Gaudin and Simonn@}t f@und a content of 0.54% by analysing a samplévated in
Switzerland. It is also reported values of 0.52%|azil [21] and 0.58% in Congo [5]. Researchesiangrogress to
improve the contents by the modification of culturarvesting and drying conditions [22].

Yields in artemisinin were 0.65 and 2.4 % respetyifor the aqueous and the hydro alcoholic exsrathese
values are not surprising as it is known that tiramolic mixtures are more effective on artemisiextraction than
agueous mixtures [21, 23].

3.2.1n vitro antiplasmodial activity

Thein vitro assays were done with equal quantities of artemisn the different products and thes}alues are
presented in table 1. The hydro alcoholic extraas found to be more active @& 3.27+ 1.42 nM) than aqueous
extract (IGo = 4.95+2,07 nM and artemisinin (& 5.10 £ 1.89nM). No significant difference was eh&d
between IG, of artemisinin and the aqueous extract in thesglitions. We can thus suggest that others compsnent
present in the hydro alcoholic extract contribat@otentiate thé vitro antiplasmodial activity of artemisinin.

Table 1:In vitro anti P. falciparum activity of aqueous and hydro alcoholic extractsfoA. annua and artemisinin

In vitro antiplasmodial activity 1§ (nM), average+SD

Tested substance

3D7
Artemisinin 5.10+1.89
Aqueous extract oA. annua 4.95+2.07
Hydro alcoholic extract oA. annua 3.27+1.42

3.3.1n vivo antimalarial activity
Thesein vivo antimalarial activitieoon mice were realized with level dose of artemisiséven times weaker in
aqueous extract and hydro alcoholic groups thaptine artemisinin group.

We could see on figure 1 that, despite the lownaigimin content in the extracts; they gave verydyparasiteamia
reduction (up to 80 to 100 % inhibition of parasit@a). In fact, a comparable efficiency with pastcontrol group
is found for the aqueous extract and a better iactis noticed for the hydro alcoholic extract. Wngrising, the
mice receiving distilled water (control group) haalinhibition of their parasitaemia.

In all the treated groups (except the group rengigiqueous extract), we noticed a slight reduaiicthe activity on
day 7 post infection. This could be due to the shalf-life of artemisinin (1.9 to 2.6 hours) arkttreatment period
limited to 5 days in our study. This confirms thatement of other authors on the importance ohgkirtemisia
annuaproducts for at least 7 days [5, 6, 21]. In theecaf treatment with aqueous extract, an increhserative
action is noticed on day 7. So this extract preadsgtter duration of activity, compared to thehbather products.
Concerning the survival rate during the test, fadl inice which received active products survived! giaty 14 post
infection; excluded those who died of under cutaiseemphysema. Indeed, we recorded 2 deaths foresdiact
(at days 3 and 8 for the hydro alcoholic extraat ahdays 3 and 6 for the aqueous one) and 1 deatay 5 for
positive control. However none of deaths mice presk a high parasitaemia. The under cutaneous esaptey
were founded on the neck, the abdomen or the lgsording to literature, it is a possible consequenf the
cramming which would have wounded the trachea. [24]

For the negative control group, only one mouse ala® at the day 14 and the all deaths mice preseatstrong
parasitaemia (more than 60%).

Our results are different for those of Atemnkengaket[9]. They worked on the evaluation Af annuainfusion
efficacy for the treatment of malaria flasmodium chabaudi chabaudfected mice and conclude that the infusion
can reduce parasitaemia but not to a curative .Iéwdhct, they noticed a 50 % parasiteamia intdhitafter 6 days
of treatment withA. annuatea. This difference result could be explainedh®ylack of dose readjustment between
human and mice. They gave same quantity of infugidicated for humans to the mice. But, the meiabois
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faster in rodents than humans. So, a calculatiodosbge for the rodents must be done on the basisman’s
dosage.
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Figure 1: Curative action of agueous (Tisane) andydro alcoholic (HA) extracts of A. annua (extracts doses corresponding to 20mg/kg
artemisinin per day) and pure artemisinin (140 mg/ky per day) againstP. Berghei on infected mice

These results confirmed the presence in the estraicbthers substances which enhance artemisirivitacas
already shown by Elford et al [25] and Bhakunilgp8].

We can go further and say that artemisinin is hetdnly active substance on malarigAinannuaextracts. This
statement is in agreement with the results of Ramagt al [27] in their work on the activity of fogpecies of
Artemisia @A. vulgaris, A. absinthium, A. dracunculus and éoparid). These others species included in Artemisia
genus which are known free of artemisinin, evetranes, were found to be active against malarig dttivity was
attributed to essential oils and other sesquitespiat artemisinin [27]. Previous studies also ldistaed that
artemisinin was not the only one antimalarial sabsé in A. annua extracts [8, 28, 29, 30, 31].r8atient with
the A. annuaextracts can be considered as a real polythenaghyat a monotherapy as some authors said [7, 32]
Other advantage for use plant extracts is the flaat the artemisinin provided is faster absorbe@radral
administration than pure artemisinin. In fact, amue solubility of artemisinin increased in presen€g¢he others
molecules of the plant like flavonoids and sapotesi5].

These results also show that level dose of artemisised in positive control treatment could behkigthan what is
needed. Rath et al [6] has already suggested thAmom plasmatic concentration enough to Rlasmodium
falciparumin human (9 ng/ml) was largely exceed with the WiK@ommended treatment with artemisinin: 500 mg
X 2 for the first day and 500mg for the four follmg days (corresponding to 20mg/kg and then 10md&gj. In
fact, this treatment leads to a£of 531 ng/ml in a mean time of 2.3 hours [6].

In this context the amounts of 500 mg per day apfmeahigh. A work completed in Thailand by a teaftOxford

[34] showed that it is useless to exceed 2 mg/kdyhweeight, that is to say 120 mg per day for a gersf sixty kg.

A Netherlander team Koopmans et al, [35] estim#ias the necessary concentrations of artemisinjplasma are
effective starting from values of 3-30 ng/ml in gf@a. In 1994 the University of Uppsala found th@ataentrations
of 10 ng/ml led to a good effectiveness agaflasmodium in vitrg28].

The slight difference observed between the resifilithe aqueous and the hydro alcoholic extracttzaexplained
by their composition. When we considered figurén@veing comparative TLC chromatograms of these twicaets
we can see that there are more sesquiterpens imyith® alcoholic extract than in the aqueous orm. the
flavonoids, we have the same bands but additiofia@bnoids are present in the hydro alcoholic esttrdhe
findings of Elford et al [25] on artemisinin potétion by flavonoids can thus explain the improwdtect obtain
with the hydro alcoholic extract.
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Figure 2: Comparative TLC of the aqueous and the hgro alcoholic extracts according to terpens (a) anélavonoids (b).
Art : Artemisinin ; Tis : Aqueous extract ; HAa y#fo alcoholic extract (50-50) ; HAb : Hydro alcdimextract 96%

CONCLUSION

At the end of this work on thi@ vitro andin vivo activities of Artemisia annuacrude extracts, we can say that the
others components of this plant potentiate artemmsactivity onPlasmodium The aqueous and hydro alcoholic
extracts ofArtemisia annua lare very effective on malaria and they can be bgegopulations to cure this disease,
especially in endemic areas where there is notgimowoney to pay modern medicines.
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