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Abstract

Background As per estimates by WHO in 2021 almost half of the world’s population was at risk of malaria and > 0.6 mil-
lion deaths were attributed to malaria. Therefore, the present study was aimed to explore the antimalarial activity of extracts
derived from the leaves of the plant Anacardium occidentale L., which has been used traditionally for the treatment of
malaria. Different extracts of A. occidentale leaves were prepared and tested for their inhibitory activity against recombinant
P. falciparum transketolase (rPfTK) enzyme, in vitro. Further, growth inhibitory activity against cultivated blood stage P.
falciparum parasites (3D7 strain), was studied using SYBR Green fluorescence-based in vitro assays. Acute toxicity of the
hydro alcoholic extracts of leaves of A. occidentale (HELA) at different concentrations was evaluated on mice and Zebra fish
embryos. HELA showed 75.45 +0.35% inhibitory activity against the recombinant PfTk and 99.31 +£0.08% growth inhibi-
tion against intra-erythrocytic stages of P. falciparum at the maximum concentration (50 pg/ml) with ICs, of 4.17 +0.22 pg/
ml. The toxicity test results showed that the heartbeat, somite formation, tail detachment and hatching of embryos were not
affected when Zebra fish embryos were treated with 0.1 to 10 pg/ml of the extract. However, at higher concentrations of the
extract, at 48 h (1000 pg/ml) and 96 h (100 pg/ml and 1000 pg/ml, respectively) there was no heartbeat in the fish embryos.
In the acute oral toxicity tests performed on mice, the extract showed no toxicity up to 300 mg/kg body weight in mice.
Conclusion The hydro-alcoholic extract of leaves of A. occidentale L. showed potent antimalarial activity against blood
stage P. falciparum. Based on the observed inhibitory activity on the transketolase enzyme of P. falciparum it is likely
that this enzyme is the target for the development of bioactive molecules present in the plant extracts. The promising anti-
malarial activity of purified compounds from leaves of A. occidentale needs to be further explored for development of new
anti-malarial therapy.

Keywords Antimalarial activity - Anacardium occidentale L - Plasmodium falciparum - Transketolase - Malaria

P< Rajesh K. Joshi 4 Academy of Scientific and Innovative Research (AcSIR),

joshirk_natprod @yahoo.com

Sugeerappa L. Hoti
slhoti @yahoo.com

Department of Neglected Tropical Diseases and Translation
Research, ICMR-National Institute of Traditional Medicine,
Nehru Nagar, Belagavi, Karnataka 590010, India

Department of Biochemistry, CSIR-Central Drug Research
Institute, Sector 10, Jankipuram Extension, Sitapur Road,
Lucknow, Uttar Pradesh 226031, India

Biochemical Sciences Division, CSIR National
Chemical Laboratory, Dr. Homi Bhabha Road, Pune,
Maharashtra 411008, India

@ Springer

Ghaziabad, Uttar Pradesh 201002, India

Department of Natural Product Chemistry, ICMR-National
Institute of Traditional Medicine, Nehru Nagar, Belagavi,
Karnataka 590010, India

Department of Microbiology, INMC KLE University
Campus, Nehru Nagar, Belagavi, Karnataka 590010, India

Department of Pharmacology & Toxicology, ICMR-National
Institute of Traditional Medicine, Nehru Nagar, Belagavi,
Karnataka 590010, India

Department of Ethnomedicine, ICMR-National Institute
of Traditional Medicine, Nehru Nagar, Belagavi,
Karnataka 590010, India


http://orcid.org/0000-0003-1580-1700
http://crossmark.crossref.org/dialog/?doi=10.1007/s11686-023-00718-6&domain=pdf

Acta Parasitologica (2023) 68:832-841

833

Introduction

Malaria is a major public health problem caused by pro-
tozoan parasite belonging to Plasmodium spp. transmit-
ted by the infective bite of female Anopheles mosquitoes.
Plasmodium falciparum and Plasmodium vivax are mainly
responsible for severe infection in humans. Almost half of
the world's population is at risk of acquiring malaria and
the total number of deaths due to malaria remains high at
more than 0.6 million [1]. P. falciparum is the most preva-
lent malarial parasite in the African continent [2] and P.
vivax is the dominant malaria parasite in most countries
outside Sub-Saharan Africa, although it accounts for < 2%
of global malaria cases. There has been a rising trend of
P. falciparum malaria in India over the last five decades,
and in 2021 an estimated 247million people in India were
affected by malaria, resulting in 619 000 deaths [1].

Many antimalarial drugs like artemisinin, chloroquine,
sulfadoxine and pyrimethamine combination, quinine,
atovaquone-proguanil combination (Malarone) and pri-
maquine are available for clinical use, but parasites have
developed resistance against these drugs, thereby render-
ing them ineffective against malaria [3]. Currently, there
are no alternate options as effective anti-malarial drugs,
other than artemisinin and its derivatives [4]. However, in
recent years, treatment failures with artemisinin combi-
nation therapies(ACTs) have been reported from South-
East Asian countries and genetic basis for resistance to
artemisinin has now been established [5]. Occurrence of
artemisinin resistance is also suspected in South America
but confirmatory studies are still going on [1]. This sce-
nario, therefore, calls for the development of newer drugs
against malarial parasites to augment the malaria control
and elimination programs.

The drug discovery process can be hastened by adopting
a targeted approach, especially with the dawn of molec-
ular and genomic approaches to study parasite encoded
proteins which has evolved as a promising approach [6].
Certain enzymes of parasites, such as transketolase have
been identified as target for drug development [7]. Tran-
sketolase of P. falciparum is involved in the non-oxidative
arm of the pentose phosphate pathway (PPP), catalysing
the production of pentose sugar needed for nucleic acid
synthesis. Hence, PfTK plays a very important role in the
replication and survival of malaria parasites and therefore
is a potential drug target. Further, it also has very low
similarity with human transketolase thus making it a selec-
tive target for drug development.

Herbal preparations have been in traditional use for
treating various infections, including malaria. Herbal
treatments derived from Anacardium occidentale L. (the
“cashew”) are popular forms of traditional medicine in

some countries like Brazil, Colombia, Nigeria and Peru
[8] and also in some tribal areas of India [9]. All parts
of the cashew tree (especially leaf and stem bark) have
been extensively used in traditional herbal medicine [8].
Thus, during the last few decades, medicinal properties of
A. occidentale plant, have been extensively studied [10]. A.
occidentale L. is well recognized as a source of alkyl-phe-
nols, which are isolated from its fruit (the “cashew nuts™).
These compounds have several biological activities such
as antioxidant, mosquito larvicidal, anti-cancer, antibac-
terial, molluscicidal and schistosomicidal [11-15]. These
compounds are also reported to have inhibitory activities
against enzymes such as tyrosinase, acetylcholinesterase,
glucosidase, aldose reductase, invertase, 15-lipoxygenase,
and xanthine oxidase [16]. In the present study, we have
explored the antimalarial activity of leaves extracts of A.
occidentale L for their inhibitory activity against transke-
tolase enzyme and blood stage of P. falciparum. Also, we
assessed the acute toxicity of the extract in Zebra fish and
mice models.

Materials and Methods
Collection of Plant Material

The leaves of A. occidentale were collected from cashew
grooves in Belagavi district (N 15.88668; E 74.52353;
altitude ~800 m from sea level), Karnataka, India. The
plant was identified at the ICMR-National Institute of
Traditional Medicine (ICMR-NITM), Belagavi, and an
herbarium specimen (RMRC-1356) has been deposited at
the institute.

Preparation of the Leaf Extract and Preliminary
Phytochemical Test

The leaves of A. occidentale were shade dried and powdered
using an electric grinder. Cold maceration of the extract was
carried out for 72 h using different solvents viz., petroleum
ether, dichloromethane, chloroform, ethyl acetate, methanol,
and hydro alcoholic solution (70:30 water: ethanol). Leaves
were extracted thrice with each solvent, pooled and then
filtered through Whatman filter paper No. 1. The solvent was
evaporated using a rotary evaporator. The extracts obtained
were stored at 4 °C until further used. Various qualitative
phytochemical tests for alkaloids (Dragendorft’s test), gly-
cosides (Keller-kiliani test), amino acids (Ninhydrin test),
saponins (Foamtest), flavonoids (Lead acetate test), tannins
(Ferric chloride test), and terpenoid (Salkowski test) were
carried out [17].
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Expression and Purification of P. falciparum
Transketolase (PfTk)

The recombinant PfTk was purified as described earlier [7].
Rosetta cells BL21(DE3) harboring the recombinant plasmid
with transketolase gene insert were grown in Luria Bertani
media (LB) at 37 °C, supplemented with Ampicillin (100 pg/
ml) and Chloramphenicol (34 pg/ml), till OD 600 nm
reached 0.6. The recombinant protein was induced with
1 mM isopropyl-p-thiogalactopyranoside (IPTG). Further,
the culture was grown at 18 °C on a shaker incubator for 20 h
and the cells were harvested by centrifugation at 11,000 g for
5 min. The cell pellet was suspended in lysis buffer (50 mM
NaH,PO,, pH 8.0), 300mMNaCl, 10 mM imidazole, and
10% (v/v) glycerol) containing protease inhibitor cocktail
(Sigma, USA) and the cells were lysed using ultra-sonica-
tion (Ultrasonic processor, Model-XL-2020, Germany). The
lysate was centrifuged at 11,000 g at 4 °C for 30 min and the
supernatant obtained was mixed with Ni-nitrilotriacetic acid
(Ni-NTA) agarose (Qiagen, Germany) resin equilibrated
with the lysis buffer. After incubation for 1 h at 4 °C, the
resin was separated from the cell lysate by centrifugation
(5600 g for 5 min at 4 °C) and washed with washing buffer
with similar composition to the lysis buffer but containing
20 mM imidazole. The recombinant PfTK enzyme was then
eluted with elution buffer containing 250 mM imidazole.
The elute containing PfTK was further purified by ammo-
nium sulfate precipitation (0-40% w/v). The protein pellet
was resuspended in storage buffer (50 mM NaH,PO, (pH
8.0), 300 mM NaCl, 10% (v/v) glycerol) and protein concen-
tration was determined by Lowry’s method [18]. The purity
of the protein was checked by SDS-PAGE [19] and western
blotting using anti-His tag antibodies.

PfTKassay

The activity of the purified transketolase was determined by
measuring the oxidation rate of carbanion intermediate in
presence of ferricyanide [20]. The 1.0 ml reaction mix con-
tained 50 mM glycyl-glycine buffer (pH 7.6), 2 mM mag-
nesium chloride, 0.1 mM thiamine pyrophosphate, 0.5 mM
potassium ferricyanide, 3 mM fructose-6-phosphates (F6P)/
hydroxypyruvate (HP), 0.24 mg enzyme and different con-
centration of A. occidentale L. leaf extracts. The reaction
was started by adding PfTk enzyme and extract, and then
the ferricyanide reduction was monitored at 420 nm using a
UV-1601 PC spectrophotometer (Shimadzu, Japan).

Cultivation of P. falciparum and Testing
of Antimalarial Activity of Extracts

The culture of P. falciparum (3D7 strain) was propagated by
the method of Trager and Jensen [21]. The parasites were
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cultured in optimal conditions of 5% CO, at 37 °C, and
maintained in RPMI 1640 supplemented with 0.5% Albu-
max II (Gibco ™ AIbuMAX"™), 100 uM hypoxanthine, 0.15%
sodium bicarbonate, 25 mM HEPES buffer, 2 mM glutamine
and 50 pg/ml gentamicin. The culture haematocrit was main-
tained at 2% using O+ve RBCs and in routine cultures the
parasitaemia was monitored by Giemsa-stained thin blood
smears and maintained at 2%-5%. Parasites were synchro-
nized using 5% sorbitol to enrich for ring stage parasites
before carrying out inhibition assays.

To test the anti-malarial activity of the extracts, inhibition
assays were set up in 96 well plates with 200 pl of culture
per well at~2% parasitaemia. First the extracts were tested
at 50 pg/ml concentration to identify those that inhibited
malaria parasite growth along with the antimalarial drug
chloroquine. Subsequently, for the extracts showing >50%
growth inhibition, a dose response assay was run with the
starting concentration of the extract at 50 ug/ml and ending
at~50 ng/ml in a twofold dilution series. All assays were
run in triplicates. After 48 h of incubation in optimal growth
conditions, the plates were developed by adding 25 pl of
SYBR Green I dye containing 10X lysis buffer. The plates
were incubated for 1 h in dark and the fluorescence was
measured using a multi-well plate reader with 485 nm and
530 nm as excitation and emission wavelengths.

Zebrafish Embryo Acute Toxicity

Zebrafish (Danio rerio), a member of the Cyprinidae family,
originating from South Asia has been used as a model organ-
ism for biological research since the 1930s. Zebrafish are
easy to breed and inexpensive to maintain and its embryos
develop rapidly (5 days post-fertilization). Because the
embryo is transparent, morphological structures and inter-
nal organs, including brain, eyes, heart, liver, and kidney
can be easily visualized using light microscopy, without the
need for surgery. Organ-specific and overall developmental
toxicity can be assessed visually or quantified using dyes.
Because of its small size, a single embryo can be maintained
in fluid volumes of 100 pl in individual wells of microtiter
plates and compound screening can be completed in a few
days. Zebrafish are more closely related to humans and share
many biological traits, genes, developmental processes,
anatomy, physiology, and behavior. Its genome is ~50% of
the mouse genome and has extensive synteny with mamma-
lian genomes. Further, its genes are ~75% homologous to
human genes on average and it’s orthologs for some genes
that are known to play key roles in human diseases have
been identified. These features make the zebrafish a unique
vertebrate model for high-throughput chemical screening,
which is useful for preclinical drug discovery and toxico-
logical evaluation. A number of recent guidelines from the
Organisation of Economic Co-operation and Development
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(OECD; Guidelines 203, 210, and 212; OECD, 1992a,c,
1998) recommended zebrafish for aquatic toxicity testing
(For more information please refer [22]).

We used this model for acute toxicity testing of extracts
of A. occidentale leaves. Adult zebra fish, obtained from the
colony of ICMR-NITM were reared in 3 L housing tanks
(10-15) with a light/dark cycle of 14/10 h at 28.5 °C. A
newly fertilized embryo was placed in each well of a 24
well tissue culture plate (Corning costar TC) containing
2 ml sterile distilled water per well. Five different concen-
trations of the leaves extract of A. occidentale were made in
the non-toxic volume of dimethyl sulfoxide (DMSO) made
up to 100 ml of water. DMSO was used for dissolving the A.
occidentale leaf extract. Three replicates of each treatment
were run along with a positive control (3,4-dichloroaniline
at 4 mg/L). Each plate contained four wells as internal con-
trol with water. Solvent control was parallelly maintained.
Observations were recorded for lethality indicators. As per
the recommendation of the Organization for Economic Co-
operation and Development guidelines (OECD Test guide-
lines 236), four different parameters i.e., coagulation of fer-
tilized eggs, lack of somite formation, lack of detachment
of tail bud from the yolk sac, and lack of heartbeat were
recorded up to 96 h.

Acute Oral Toxicity Study in Mice

The safety of the A. occidentale leaf extract was assessed
through acute oral toxicity in BALB/c mice, after obtaining
the approval by the Institutional Animal Ethics Commit-
tee (AEC/ICMR-NTM BGM/2018/1) of the ICMR-NITM.
The toxicity test was carried out following the OECD test
guidelines No. 423. The animals were obtained from the
ICMR-National Institute of Nutrition, Hyderabad, India, and
maintained at the ICMR-NITM animal house facility. The
mice were divided into 4 groups and each consisting of six
mice (female). Three groups were overnight fasted (12 h)
after which they were treated orally with different doses of
the extracts and designated as test groups. The extracts and
fractions were tested at the doses of 50, 300, 2000 mg/kg
body weight (bw) and the 4th control group received vehicle
(water) treatment. Thereafter, the animals were observed at
hourly intervals for any change in general physical activi-
ties and behavior (changes in skin fur and eyes, and leth-
argy, sleep, activity/over activity), as also mortality if any,
within 24 h and then daily for the next 14 days. At the end of
the study, animals were sacrificed after anaesthetizing with

Ketamine and major organs (heart, brain, lung, liver, and
kidney) were isolated, their weight was recorded and the tis-
sues were used for histopathology analysis. At the end of the
study, animals were sacrificed humanly using ketamin injec-
tion and the brain, liver, kidney and lungs were preserved
and held in 10% formalin for 2 days. Organs were dehy-
drated using different concentrations of the alcohol (70, 80,
90%, and absolute alcohol subsequently) for 12 h each. The
tissues were cleaned using Xylene solution for 15-20 min
and embedded in paraffin blocks. Five-micron sections of the
tissue blocks were cut using microtome unit. The sections
were placed on a microscopic slide and after drying they
were stained with eosin and hematoxylin dyes. The stained
sections were examined for infiltration of immune cells,
inflammation and congestion if any, under a microscope.

Results

Yield of Extracts of Leaves of A. occidentale
and Preliminary Phytochemical Analysis

Leaves of A. occidentale L. were processed and extracted
with various solvents. The yield of extracts (% w/w) with
various solvents viz., petroleum ether, dichloromethane,
chloroform, ethyl acetate, methanol and hydroalcoholic
(70: 30 water: ethanol) solvents was 5.2%; 9.20%; 13.00%;
12.50%; 22.25% and17.32%, respectively. Preliminary phy-
tochemical analysis was carried out for the hydro alcoholic
extract, since it showed highest inhibition activity against
the recombinant transketolase of P. falciparum (as given
below). The analysis revealed the presence of alkaloids,
glycosides, flavonoids, tannins, and terpenoids at varying
amounts (Table 1).

Inhibition of Recombinant PfTk Enzyme by A.
occidentale Leaf Extracts

The cloning and expression of recombinant PfTk enzyme
was reported in a previous study [7]. The recombinant PfTK,
expressed as a His-tagged protein in E. coli (Rosetta cells
BL21(DE3)), was purified using Ni-NTA column. The
purified protein was analyzed by SDS PAGE to confirm
its size as~70 kDa (Fig. 1) and used in inhibition assays
for testing the inhibitory activity of different extracts. The
hydroalcoholic extract (75.45 +0.35%) showed highest
inhibitory activity against the enzyme, while chloroform,

Table 1 The phytoconstituents
of A. occidentale leaf

Phytoconstituent ~ Alkaloids

Glycosides

Amino acids Saponins Flavonoids Tannins Terpenoids

hydroalcoholic extract

Quantity* ++ +

+ 4+ +4++  ++

*+ + +High, + +average, +less, and - not present
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Fig.1 The SDS—polyacrylamide gel of the Ni-NTA purified recom-
binant P. falciparum transketolase (PfTK). Protein fractions were
electrophoresed on a 10% (w/v) SDS polyacrylamide gel under reduc-
ing conditions and stained with Coomassie Brilliant Blue R250. Lane
1-Molecular weight marker (Thermo Scientific, range 10-250 kDa),
Lane 2—-6—purified P/TK

methanol and petroleum ether extracts showed moderate
levels of inhibitory activity (53.00+0.80%, 52.85+1.85%
and 35.00 +0.09%, respectively). The inhibitory activ-
ity of dichloro-methane (22.00 +1.50%) and ethyl acetate
(18.88 £0.20%) extracts was very poor. Based on the inhibi-
tory activity obtained, the hydroalcoholic extract was frac-
tionated and the fractions were tested for activity against P.
falciparum blood stage parasites in vitro.

Inhibition of P. falciparum Growth by Hydroalcoholic
Extract of A. occidentale Leaf

To evaluate the antimalarial activity, the hydroalcoholic
extract was tested at different concentrations (from 50 pg/
ml to 50 ng/ml). At the highest concentration tested the inhi-
bition was 99.31 +0.08% from the fit of the dose response
inhibition data, the ICs, was estimated as 4.17 +0.22 ug/ml
(Fig. 2). Among the fractions of the hydroalcoholic extract
tested, six (AO1 to AO6) showed significant inhibition activ-
ity (Table 2). Two of the fractions, AO2 and AO6, showed
the highest activity, with close to 100% inhibition of parasite
growth at 30 ug/ml concentration. A dose response assay
was carried out for all the extracts to find out the ICs,values.
Interestingly, the fractions AO2 and AO6 showed potent
antimalarial activity with the estimated ICy, values in the
ng/ml range (Fig. 3).

Acute Toxicity Study of A. occidentale Leaves
Hydroalcoholic Extract Against Zebra Fish Embryo

The Zebra fish embryo acute toxicity test was performed
using different concentrations of the hydroalcoholic extract
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Fig.2 Anti-malarial activity of hydroalcoholic extract of leaves of
A. occidentale. The extracts were tested in a dose assay starting with
a concentration of 50 ug/ml and going lower by twofold serial dilu-
tion. Data from representative assay with two replicates (both plot-
ted separately) are shown. The growth inhibition obtained at 50 pg/
ml concentration is 99.31 +0.08% with respect to control untreated P.
falciparum. The ICs, obtained is 4.17 +0.22 pg/ml

of leaves of A. occidentale along with positive (3,4-dichlo-
roaniline) and negative (water) controls. In positive control
group there was no somite formation and tail detachment
after 24 h of treatment, whereas in A. occidentale leaf extract
treatment and water control groups normal heartbeat, somite
formation, tail detachment and hatching of embryos was
observed (Table 3). However, in fish embryos treated with
100 pg/ml of extract, there was no heartbeat at 96 h. In fish
embryos treated with 1000 pg/ml of extract, heartbeat was
absent after 48 h only. All the embryos in control group
showed no mortality even after 96 h. The LCjs, of the extract
was determined as 9.60 pg/ml.

Acute Oral Toxicity of A. occidentale Leaves
Hydroalcoholic Extract in Mice

The acute oral toxicity of the hydroalcoholic extract of leaves
of A. occidentale was tested at doses 50, 300, and 2000 mg/

Table 2 Percent growth inhibition of late-ring and early trophozoite
stage of P. falciparum strain 3D7 by the fractions of hydro-alcoholic
extract of A. occidentale L. by fluorescence-based assay

Fraction % growth inhibition at 30 pg/ IC50 (ug/ml)
ml
A0l 89.30+0.08 10.29+1.67
AO2 99.97 +0.004 0.56+0.03
AO3 54.30+2.01 27.28+1.17
AO4 66.27 +8.60 21.27+3.87
AOS5 84.56+4.61 12.56 +2.25
AO6 99.96 +0.005 0.63+0.03
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Fig.3 Anti-malarial activity for the fractions AO2 (left) & AO6
(right) of hydroalcoholic extracts of A. occidentale leaves against
blood stage of P. falciparum strain 3D7. This experiment was car-
ried out in similar manner to that shown in Fig. 2 with the excep-
tion that the highest concentration was 30 pg/ml. The growth inhi-
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bition obtained at 30 pg/ml concentration for AO2 and AO6 was
99.97+0.004% and 99.96+0.005%,respectively, with respect to
control untreated P. falciparum. The ICs, values obtained were
0.56+0.03 pug/ml and 0.63 +0.03 pg/ml, respectively

Table 3 Acute toxicity study

. Time Negative control* Positive control** Test compound (A. occidentale extract)
of A. occidentale leaves
hydroalcoholic extract against 0.1 pg/ml 1 pg/ml 10 pg/ml 100 ug/ml 1000 pg/ml
Zebra fish embryos
Oh - - - - - - -
24h SF, TD NSF, NTD SF, TD SE, TD SEF,TD SF,TD SF, TD
48h HB NA HB HB HB HB NHB
72h HB NA HB HB HB HB NHB
9%h H NA H H H NHB NA

SF Somite formation, NSF no somite formation, 7D tail detachment, NTD no tail detachment, HB heart
beat, NHB no heart beat, H hatching, NA not applicable

*Negative control-water

**Positive control-3,4-DCA 4 mg/L

kg body weight in BALB/c mice. The results revealed that 3
different doses of extract tested did not incite any mortality
and morbidity throughout the experimental period. Behav-
ioral and physical observations of the experimental mice
were found normal and did not exhibit any visible signs of
abnormality (Table 4). Histopathological analysis of differ-
ent organs of mice treated with different doses of the extract
did not show any significant changes in the heart, liver, kid-
ney, and brain. However, slight congestion of the lung was
observed at 2000 mg/kg (Fig. 4). Sections of mice Brain,
heart, kidney, liver, lung were stained with haematoxylin
and eosin (scalebar =100 pm). Mice receiving AO 50 mg,
300 mg, 2000 mg brain showed a normal histological struc-
ture of different neurons in the cerebral cortex, hippocampus
and striatum. Normal atrium and ventricle are evident from
mice treated with AO 50 mg, 300 mg, 2000 mg. Normal
architecture of renal corpuscles with their glomeruli and
renal tubules was seen after treatment with AO. Normal
hepatocytes, central vein and sinusoidal space at magnifi-
cation 40 x were observed. No haemorrhage or apparent

tissue damage was found in the liver of mice in AO 50 mg
and 300 mg treated groups, but in AO 2000 mg destruction
of the vessel wall and focal haemorrhage (congestion) of
lung were observed. Thus, the extract was found to be safe
atleast up to 300 mg/kg.

Discussion

Many antimalarial drugs such as chloroquine, mefloquine,
amodiaquine, quinine, proguanil, sulfadoxine and pyrimeth-
amine, primaquine, artemether, artesunate, arteether that tar-
get different stages of malaria parasites have been in use for
treating clinical malaria cases. But malarial parasites have
developed resistance against several of these drugs and cur-
rently there are no alternate options other than arteether.
Artemisinin, initially extracted from the Chinese herb Arfe-
misia annua, highlights the potential of plants as a source of
chemotherapeutics. Artemisinin-based combination thera-
pies (ACT) are currently being used in endemic countries
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Fig.4 Toxicity of hydroalco-
holic extracts of A. occidentale
leaves in mice. Histopathologi-
cal analysis of different organs
of mice treated with different
doses (50, 300 and 2000 mg/kg
body weight in BALB/c mice)
of the extract did not show

any significant changes in the
heart, liver, kidney, and brain.
Destruction of the vessel wall
and focal haemorrhage (conges-
tion) (indicated by ring) of the
lung was observed at the highest
dose (2000 mg/kg)

Table 4 Bodyweight,
general observations and
histopathological analysis
of BALB-C mice treated
with different doses of
hydroalcoholic extract of the
leaves of A. occidentale L
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X
AO Heart 300 mg

AO Brain 2000 mg

S 0.

AO Heart 2000 mg

Animal groups Dose (mg/kg) Parameters
Bodyweight (g)* General Histopathological analysis
observations
A. occidentale L. 50 20.7+1.80 Normal No changes
hydroalcoholic 300 22.5+0.40 Normal No changes
extract 2000 23.0+0.90 Normal Slight congestion in lungs
Control Vehicle (water) 24.0+0.20 Normal Normal

*Mean body weight post-treatment (14 days)
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worldwide. Over the past decade, unprecedented progress
has been made in reducing malaria morbidity and mortality
[23]. However, growing resistance to ACTs by malarial para-
sites, coupled with resistance to insecticides used in the con-
trol mosquito vectors, have negatively impacted the malaria
control and long-term prospects for elimination [24]. P. fal-
ciparum has developed resistance to most antimalarial drugs
in use, as also to the current ACT [25, 26]. Drug resistance
development appears to be due probably to heavy drug use,
parasite selection, cross resistance and genetic influences
of drugs. Pharmaceutical companies do not evince inter-
est in developing drugs for malaria and this is a matter of
great concern, in the face of increasing drug resistance [27].
There are very few drugs in various phases of trials in the
thin pipeline of candidate antimalarials for treating malaria.
Therefore, there is an urgent need to develop drugs against
malaria parasites to augment the malaria control program.
Herbal preparations have been traditionally used for treat-
ing certain infections, including malaria. Exploring herbal
sources may yield new anti-malarial drugs and the discovery
process can be hastened by adopting a targeted approach.
Therefore, we attempted an approach which involved a drug
target in malarial parasite and herbal source for discovering
drug lead(s) for malaria.

We explored the possibility of A. occidentale leaves as
source of anti-malarial drug(s), with the parasite transketo-
lase enzyme as the target. We chose transketolase of P. falci-
parum as the target as it has been reported to play a vital role
in the survival/replication of the malaria parasites [28]. It is
a key enzyme of the non-oxidative arm of pentose phosphate
pathway (PPP), which is an important metabolic pathway
for yielding reducing agents in the form of NADPH and the
production of pentose sugar needed for nucleic acid synthe-
sis. Further, it exhibits very low similarity to the homologue
in human host, making it a selective target for anti-malarial
drug development. Key drug targets of P. falciparum such
as dihydrofolate reductase (DHFR), Cytochrome b (CYTb),
dihydroorotate dehydrogenase (DHOD) and Myosin A tail
domain-interacting protein (MTIP) have been used for iden-
tifying drug leads. Notably, three tRNA synthetases were
successfully used in identifying two potent antimalarial
natural products viz., cladosporin and halofuginone [29].

Here, we have explored the leaves of A. occidentale
(cashew) because of its reported medicinal properties and
use in traditional medicine practice [10]. Unlike other stud-
ies in which the fruit, bark and other plant parts were tested,
we have used the leaves for exploring the presence of anti-
malarial compounds as it is readily available in large quanti-
ties, renewable and usually disposed off as a waste. Accord-
ing to the concept of green chemistry, it is desirable that
an abundant and cheap source of raw material, especially
natural waste product, should be utilized as it also ensures
environmental friendliness. Leaves or nutshell extracts

from cashew have long been used as a folk medicine to treat
inflammation and other conditions including asthma, ulcers,
and cancer.

In this study, we utilized the recombinant PfTk enzyme
as a target for initial screening for the inhibitory activity of
the extracts/fractions of the leaves of A. occidentale. Out of
six extracts of leaves of A. occidentale prepared using dif-
ferent solvents, the hydroalcoholic extract was found to have
highest enzyme inhibition activity. Therefore, this extract
was tested against late-ring and early trophozoite stages of
P. falciparum 3D7 strain in fluorescence based in vitro assay,
where the extract showed a very high activity, both in terms
of growth inhibition (99.31 +0.08% at 50 pg/ml) and ICs,
(4.17+0.22 pg/ml). The percentage inhibition activity is
higher than that reported for 80% ethanol extracts of sev-
eral plants of Tanzania and extract of Berasama abyssinica,
which gave a maximum of 86.67 +11.32% activity when
tested at 100 pg/ml against P. falciparum Dd2 strain [30].
An ethanol extract of B. abyssinica leaves was reported to
have good in vitro anti-plasmodial activity with ICs;, of
2.5 pg/ml [31], while methanolic extract of stem bark of
the same plant had IC, of 11.00 pg/ml [32]. A chloroform
extract of Maesa lanceolate was found to have very good
anti-plasmodial activity with ICy, of 2.5 pg/ml against clini-
cal isolates of P. falciparum [33]. The anti-plasmodial activ-
ity of plant extracts may vary depending upon the plant and
its parts, geographic location of the plant etc. Bark, leaves,
fruit infusions and decoction have been used in traditional
medicine as anti-malarial treatments [8]. Several medicinal
plants, including A. occidentale L. are being used by vari-
ous tribes of Bankura, West Bengal, India for the treatment
of malaria [9]. But, extracts prepared from A. occidentale
L. were reported to be inactive in vitro against P. falcipa-
rum by Lima et al. [8]. However, in the present study the
hydroalcoholic extract of leaves of A. occidentale showed
anti-malarial activity in vitro against P. falciparum. Based
on the IC it’s activity can be considered as moderate as
per the classification of Lemma et al. [34], who catego-
rized the herbs as very good, good, moderate and inactive if
the ICs, values were <0.1 pg/ml, 0.1-1 pg/ml, > 1-5 pg/ml
and > 5 pg/ml, respectively.

The hydroalcoholic extract of leaves of A. occidentale did
not affect the heartbeat, somite formation, tail detachment and
hatching of Zebra fish embryos in acute toxicity test. This indi-
cates the safety of extract in this animal model. Similarly, the
extract when tested at doses 50-2000 mg/kg body weight in
BALB/c mice, it was found to be safe to without causing any
mortality and morbidity or change in behavioral and physical
activities. Histopathological analysis of major organs of extract
treated mice did not show any changes, except lung showing
congestion at a very high dose (2000 mg/kg) (Fig. 4). The
ethanolic extract of stem bark of A. occidentale was reported to
play a modulatory role in the inflammatory response mediated
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by the down regulation of IL-1 and TNF-«a [35], In the cur-
rent study, the extract caused lung congestion in mice which
may be due to excessive dose administered (2000 gm/kg body
weight), which might have resulted in severe immunomodu-
lation. However, it can be concluded that the hydroalcoholic
extract of leaves of A. occidentale was found to be safe up to
a dose of 300 mg/kg.

Bioactivity guided fractionation of this extract was done
and upon testing, two of the fractions (AO2 & AO6) showed
very promising antimalarial activity against blood stage para-
sites. As stated above A. occidentale L. is well recognized as
a rich source of alkyl-phenols, which have several biologi-
cal activities [15]. Further studies are required to identify the
compound responsible for the observed antimalarial activity
in the leaves of A. occidentale and delineate the mechanism by
which the activity of PfTK enzyme is inhibited. Identifying the
compounds from the extracts with anti-malarial activity will
help to develop suitable formulations as a phytopharmaceuti-
cal drug which can then be further taken up for preclinical
and clinical studies, and eventually for clinical practice either
through traditional route (such as Ayurveda or Siddha) and
allopathic route.

Conclusion

The in vitro assays showed that the hydroalcoholic extract
of leaves of A. occidentale has promising activity against P.
falciparum and its target enzyme Transketolase. The extract
and its two fractions of the extract showed significant activity
against P. falciparumin in vitro tests. The extract was found
to be non-toxic in preliminary toxicity studies in Zebra fish
embryos and mice. Therefore, because of the anti-malarial
potential and that the leaves of A. occidentale can be obtained
in large quantities perennially, it is worthwhile to explore it as
a natural anti-malarial drug source.
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