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Abstract

Background: Malaria is one of the deadliest infectious diseases, which still
gain attention from the drug discovery scientist due to development of
resistant towards the available drugs. Objective: In the present study, three
ethnomedicinal plants have been evaluated for in vitro antimalarial activity
to validate their use. Materials & Methods: Processed plant materials were
extracted with hydroalcoholic solvent (1:1) by cold maceration techniques
for 72 hours. The extracts were collected by evaporating the solvents using
rotary vacuum evaporator followed by freeze drying by lyophilisation. The
antimalarial activities of the extracts were evaluated against chloroquine
sensitive (3D7) and resistant (RKL-9) strain of Plasmodium falciparum by
observing inhibition of schizont maturation using Giemsa straining method.
The ICso value of the extract were determined by serial drug dilution
techniques and results were interpreted using statistical software NonLin
v1.1. Results and discussion: From the preliminary antimalarial screening,

it was observed that the extracts of all the three plants have shown high (<10
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pag/ml) activity against both sensitive (3D7) and resistant (RKL-9) strains of
Plasmodium falciparum, where the extract of Artemisia nilagirica (Clarke)
Pamp. has shown very good activity in comparison to other extracts.
Although the results were not comparable with the standard drug
chloroquine, but at extract level the results were quite promising to go for
bioactivity guided investigation of potent antimalarial compounds.
Conclusion: The study has validated the traditional use of the plant
materials as antimalarial herbal remedy and guided towards investigation of

new compounds from the active plant materials.
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Introduction

Malaria is one of the lethal infectious diseases spread over hot and humid
regions of the world. According to the WHO, it is ranked as the fourth
dangerous infectious disease after pneumonia, HIV/AIDS and tuberculosis
(NIAID, 2001). According to the latest WHO report, 91 countries are found
as the endemic area from where 212 million new cases and 4,29,000 deaths
reports have been recorded in 2015. There is a target to reduce the incidence
and mortality of malaria globally up to 40% by 2020, 75% by 2025 and 90%
by 2030 (WHO, 2017). Govt. of India (Gol) has also launched ‘National
Framework for Malaria Elimination in India 2016-2030” with the aim to
eradicate malaria by 2030 (MoHFW Gol, 2016).

Although, there are numbers of drugs available for the treatment of malaria,
there is an urgent need for new antimalarial drug discovery. It has been
predicted that with the increased global warming, the geographical area

covered by malaria vector, Anopheles species will increase and this will
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cause wider transmission of malaria parasites (Laporta et al., 2015). So,
scientists and researchers are continuously working for versatile, robust
alternatives to current antimalarial drugs to solve the different problems
associated with the available antimalarial drugs (White, 2004; Travassos et
al., 2009; Guiguemde et al., 2012; Taylor et al. 2004).

Among the various strategies adopted for drug development, natural product
based drug discovery is one of the preferable ones (Newman et al., 2016).
Natural products have given numbers of important drug candidates for
various critical diseases including malaria (Gurnani et al., 2014). In the case
of malaria, quinine and artemisinin are considered as two biggest milestones
in the drug development of malaria and are the compounds of plant origin
(Renslo et al., 2013). Based on these two plant origin compounds, several
highly useful semi synthetic and synthetic compounds have been derived.
Some of them are already in use for the treatment of malaria and some of
them are in the development (preclinical and clinical trial) stage (Fernandez-
Alvaro et al., 2016). Other than these two plants, numbers of plants have
been tested by scientists and researchers from different regions of the world
including India for their antimalarial activity and some of them have shown
potent activity (Willcox et al., 2004). These plants are selected either
randomly to explore the therapeutic potential or through studies guided by
traditional information regarding their use in the treatment of fever. The
ethno pharmacological approach has been recognized to give higher success

rates for finding bioactive compounds (Carvalho et al., 1991).

North-east India is one of the largest biodiversity regions of the country
where people of different tribe and community use plant based traditional
remedies to treat different diseases including malaria (Shankar et al., 2015).

Assam is one of the biodiversity rich States of the North-east India with huge
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natural resources. Here numbers of different tribes and communities reside
which practice traditional herbal remedies for the treatment of diseases and
disorders. In Assam, numbers of indigenous plants have been reported to be
useful as herbal remedies for the treatment of malaria disease (Namsa et al.,
2011; Gohain et al., 2015). Although some of them used in these remedies
are investigated scientifically to prove their antimalarial efficacy still there
are some other traditional remedies which are yet to be investigated
scientifically in the search of the new antimalarial drug candidate. These
traditional remedies give a hope for finding out new drug candidate to help

in the eradication program of malaria.
Materials and methods
Selection of plants materials

Three plants namely Tongloti (Artemisia nilagirica (Clarke) Pamp.), Dalim
(Punica granatum L.) and Ram tulasi (Elsholtzia blanda Benth) were
selected for preliminary screening of antimalarial activity from the
preliminary filed survey reports in Upper Assam region. Different parts like
leaves of A. nilagirica (Clarke) Pamp. and E. blanda Benth, and root of P.
granatum L. were traditionally used to prepare antimalarial herbal remedies
and people claim to get positive results from the treatments. The aforesaid
plant parts were collected and processed according to standard procedure
before grinded in to coarse powder by mechanical grinder. After that they
were stored in airtight well closed container in dry place. The herbariums of
the plants were prepared for identification and authentication by Botanical
Survey of India, Shillong (Herbarium no. DU/DPS/2018-19/FS:01-04).

Extraction of plant materials
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As in the preparation of traditional herbal remedies, mainly water is used as
solvent or vehicle, the extraction of the powdered plant materials was carried
out using hydro-alcoholic solvent system by cold maceration technique
(Mandal et al., 2015). Here about 100 gm of the powdered plant material for
each plant parts were taken in 1 litre round bottom flasks and 500 ml of the
solvents (hydro-alcoholic 1:1) were added to each of the flasks. The plant
materials were kept in the solvents for 72 hours with occasional shaking.
After completion of the extraction process, the solvents were first evaporated
in rotary vacuum under reduced pressure and finally extracts were freeze
dried by lyophilisation. The extracts were stored in desiccator under reduced

pressure for further study.
In vitro antimalarial study
Preparation of standard and test samples

In the study chloroquine phosphate was used as standard drug and a stock
solution of 100 pg/ml was prepared in dimethyl sulphoxide (DMSOQO) and
incomplete medium (IRPMI). Similarly, for the test extracts, 1 mg/ml stock

solution were prepared with DMSO and IRPMI medium.
Culture of malarial parasites

The antimalarial screening was carried out against both chloroquine sensitive
(3D7) and chloroquine resistant (RKL-9) strain of P. falciparum by Giemsa
stained slide method. In this method, the strains of P. falciparum are cultured
at 37°C and 5% CO: environment in RPMI (Roswell Park Memorial
institute)-1640 medium supplemented with 25 mM HEPES, 1% D-glucose,
0.23% sodium bicarbonate, gentamycin (40 mg/ml), Amphotericin-B (0.25
mg/ml) and 10% heat inactivated AB* serum (Trager et al., 1976; Kumawat
etal., 2015).
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Screening of the extracts

For antimalarial testing, the asynchronous parasites of P. falciparum were
synchronized to obtain only the ring stage parasitized cells by the treatment
of 5% D-sorbitol (Lambros et al., 1976). For carrying out the assay,
Parasitized blood is added to the wells of 96-well plate containing 100 pl of
test sample (1 mg/ml conc.) serially diluted in the medium at different
concentrations. The plates are incubated at 37°C in environment of 5% CO>
for 36-40 hour in CO2 incubator. After incubation period, blood smears are
prepared from each well in duplicates and stained with Giemsa stain. The
schizonts stage (3 or more merozoites containing) are counted under light
microscope and result is analyzed using by NonLin v.1.1 statistical software
(Kumawat et al., 2015; Pandey et al., 2016).

Results and discussion
Extraction of plant materials

After extraction, the yield of the extract for the three plant parts were found

as given in table 1.

Table 1: Yield of the three plant parts in hydroalcoholic (1:1) solvents

SI.  Common Scientific name Plant part Amount % yield

No. name used taken

1 Dalim Punica Root 100 gm 5.19
granatum L.

2 Ram tulasi Elsholtzia Leaf 100 gm 7.96
blanda Benth.

3 Tongloti Artemisia Leaf 100 gm 6.77
nilagirica
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(Clarke) Pamp.

From the yield, it can be said that the parts of the three plants contain good
quantity of different polar phytoconstiuents and yield is sufficient enough to

carry out bioassay guided isolation of phytoconstituents.
In vitro antimalarial activity

The blood smears were prepared from the 96 well plates were observed
under microscope after staining with Giemsa stain to count the number of
schizonts present. The normal RBCs and parasites infected RBCs observed
in the blood smears under microscope during the study were shown in fig 1.
The in vitro antimalarial activity of the extracts were determined in the form
of 1Cso value and presented in table 2 along with the value for standard

chloroquine phosphate.

Table 2: ICsp values of the plant extracts

SI. No. Samples ICs0 (g/ml)
CQ-SPf3D7 CQ-R PfRKL-9
1 Standard drug (Chloroquine 0.708 0.803
phosphate)
2 P. granatum L. extract 5.705 6.221
3 E. blanda Benth. Extract 4.172 5.604
4 A. nilagirica (Clarke) Pamp. 3.274 5.373
Extract

Out of the three extracts, the extract of A. nilagirica (Clarke) Pamp. has

shown good antimalarial activity (1Cs0=3.274 pg/ml & 5.373 pg/ml) against
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both chloroquine sensitive and resistant strain respectively. Although results
were not comparable with standard drug chloroquine, but at extract level the
results were satisfactory. Generally, extract having ICso value less than 5
pg/ml is considered as highly active and can proceed for further study
(Ouattara el al., 2014). The parameters for selecting an extract as active,

intermediate or in active in this study are given in table 3 (Lima et al., 2015).

Table 3: Categorization of activity based on ICso values

ICso range Remarks
<10 pg/ml Active
10-25 pg/ml Intermediate
>25 pg/ml Inactive

From the comparison, all the three extracts were come under active category
against both the sensitive and resistant strain of P. falciparum. As the plant
parts are used with water in the form of decoction and solution in their
respective traditional practices, this study validate their use as antimalarial
herbal remedies. The plant parts might contain some polar phytoconstituents
which are responsible for the antimalarial activity. Further bioassay guided
fractionation and isolation is necessary to find out the compounds having
potent antimalarial activity and can serve as a lead candidate for drug

development process.
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Fig 1: Infected RBC and ring stage of the parasite under microscope at 100X
Conclusion

From the above study, the traditional use of the plant materials from the
selected three plants have been validated by the in vitro study. Although the
activities were not comparable with the standard drug chloroquine phosphate
but it gave a direction towards identification of new phytoconstituents with
antimalarial activity. These findings may later help in developing new
semisynthetic derivatives from the lead molecules with improved efficacy
and safety. Here only hydro-alcoholic extracts were screened based on their
traditional practice methods. But extraction of the plant materials with other
nonpolar to mid polar solvent is continuing as phytoconstiuents present in
the nonpolar or mid polar region might also have better antimalarial

activities.
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