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Abstract

Background: In this study, we selected two medicinal plants Citrus maxima (Burm.) Merr. and Artemisia nilagirica
(C.B. Clarke) Pamp. on the basis of their traditional use in the treatment of fever associated with malaria in Assam
(India) and evaluated their antimalarial potential against Plasmodium falciparum strains.

Methods: The properly processed plant parts of C. maxima (Burm.) Merr. and A. nilagirica (C.B. Clarke) Pamp. were
extracted with different solvents from nonpolar to polar by cold maceration technique. After that antimalarial
activities of the extracts were evaluated against both chloroquine sensitive (3D7) and resistant (RKL-9) strains of
P. falciparum using Giemsa staining light microscopy technique. The most active extract(s) was further screened
for cytotoxicity potential against murine macrophage RAW264.7 cell line using MTT assay. Then preliminary
phytochemical screening and qualitative fingerprint analysis of the active extract(s) were done to check the
presence of different secondary metabolites.

Results: From the in vitro study, the hydro-alcoholic extract of C. maxima (Burm.) Merr. and methanol extract of
A. nilagirica (C.B. Clarke) Pamp. were found to be the most active against both 3D7 and RKL-9 strains. In the
cytotoxicity study, the CC50 values of the active extracts were found to be > 100 μg/ml, which suggested the safety
of the extracts. Then phytochemical and fingerprint analysis revealed the presence of various important plant
secondary metabolites in both the extracts.

Conclusion: The findings of this study confirmed the presence of antimalarial potential of hydro-alcoholic extract
of C. maxima (Burm.) Merr. and methanol extract of A. nilagirica (C.B. Clarke) Pamp without having any toxic effect.
Both the extracts showed IC50 values below 5 μg/ml against 3D7 and RKL-9 strains.
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Background
Different approaches are adopted for the development
of new drugs against malaria, where natural
compound-based approach is one of the preferable
one. It is to mention that several important drug can-
didates available in the market were originated from
plant sources [1, 2]. The antimalarial drugs, quinine
and artemisinin were also isolated from the plant
sources based on the information of traditional use
[3]. Later several potent semisynthetic and synthetic
derivatives of quinine and artemisinin were developed,
some of which are still in clinical use and some new
derivatives are under developmental stages [4]. Scien-
tists from different regions including India are still
searching for the potent antimalarial compounds from
various natural resources and have found some plants
having antimalarial activity [5]. Being a part of Sub-
Himalayan region, North East (NE) India is rich in
plant diversity and various plants of this region have
been using in traditional medicine by various ethnic
groups of the region. In this study, we selected two
ethnomedicinal plants, Citrus maxima (Burm.) Merr.
and Artemisia nilagirica (C.B. Clarke) on the basis of
their use in the preparation of antimalarial herbal
remedy in Assam, a state of NE India. Citrus maxima
(Burm.) Merr., commonly known as ‘Pumelo’ has di-
verse biological activities like antioxidants, antihyper-
glycemic/antidiabetic, hepatoprotective, anticancer,
antimicrobial/antibacterial, antidepressant, antiaging,
cholinesterase and tyrosine inhibition etc. [6–14]. Be-
sides it was also reported that the leaves and fruit
parts of C. maxima is also used in the treatment of
malaria in Benin which is a highly malaria affected
West African region [15]. From the fruit part of Citrus
maxima (Burm.) Merr. our group already reported
one compound luteolin as a potent antimalarial lead
compound against P. falciparum using in silico and
in vitro analysis [16]. On the other hand, A. nilagirca
is reported to have several important biological activities
like antioxidant, cytoprotective, anti-inflammatory, antipro-
liferative, antibacterial, anticancer etc. [17–25]. Apart, this
plant also possesses larvicidal, pupicidal, adulticidal and
mosquito repellant activity [26–28]. Besides Panda et al.
evaluated the antimalarial potency of the different extracts
of Artemisia nilagirica (C.B. Clarke) against an African
strain (FCR-3) of P. falciparum using in vitro technique
and found IC50 value 5.76 ± 0.82 μg/ml of the methanol ex-
tract [29]. Based on the previous reports and their use in
traditional medicine, it was hypothesized to have active
phytoconstituent(s) against the resistant strains of malaria
parasites. Hence, in this study, we investigated the antimal-
arial potency of different extracts of C. maxima and A. nila-
girica against chloroquine sensitive (3D7) and chloroquine
resistant (RKL-9) strains of P. falciparum.

Methods
Chemicals and reagents
The analytical reagent grade (EMPARTA ACS grade)
solvents like petroleum ether (40–60 °C), toluene,
chloroform, ethyl acetate, methanol, ethanol and analyt-
ical TLC aluminium plates were purchased from Merck
Millipore, Burlington, Massachusetts, USA. The different
analytical grade (AR) chemicals like sodium bicarbonate,
HEPES buffer, D-glucose, D-sorbitol, formic acid, phos-
phate buffer solution 10X (PBS), Giemsa stain, sodium
pyruvate, dimethyl sulfoxide (DMSO) and plastic wares
used in the biological activity screening were purchased
from HiMedia Pvt. Ltd., Mumbai, India. Molecular biology
grade Fetal bovine serum (FBS), gentamycin, amphotericin-
B, penicillin, streptomycin, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT), RPMI-1640 (Roswell
Park Memorial Institute-1640), DMEM (Dulbecco’s
Modified Eagle’s medium) were purchased from Gibco-
BRL, Life Technologies Inc., Gaithersburg, MD 20884–
9980, USA and Sigma Aldrich, St. Louis, MO, USA. The
marker compound and standard drug, namely, quercetin
(HPLC grade ≥ 95%) and chloroquine phosphate (Certified
Reference Material grade) were purchased from Sigma-
Aldrich, St. Louis, MO, USA.

Plant materials
The information regarding the use of different plants as
herbal remedies for the treatment of fever associated
with malaria was collected by interviewing local practi-
tioners in the form of questionnaires and from local
books.
Herbariums of the two selected plants (Voucher speci-

men no. DU/DRS/HRB/NG/2018–19/FS-01 and DU/
DRS/HRB/NG/2018–19/FS-05) were prepared according
to standard procedure and sent to Botanical Survey of
India, Shillong for identification and authentication.
Then the plant parts used in the preparation the trad-
itional herbal remedy were collected and processed ac-
cording to the guideline of Good Agricultural and
Collection Practice of WHO [30]. The processed plant
materials were coarsely powdered with a mechanical
grinder and stored in airtight containers.

Extraction of the plant materials
The extraction of the powdered plant materials was
carried out using cold maceration technique using
petroleum ether (40–60 °C), chloroform, ethyl acetate,
methanol and hydro-alcoholic (1:1) solvent system. Be-
sides, one sample from each plant were prepared as per
the traditional practices. In the cold maceration, about
500 g plant material was taken with 3 l of solvent and
kept for 72 h with occasional shaking [31]. After that,
the solvents were removed under reduced pressure at
low temperature using a rotary evaporator (IKA Rotary
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Evaporator RV 8 V). In the case of the hydro-alcoholic
extract, the water part was removed by lyophilisation of
the sample using laboratory freeze dryer (IIC Industrial
Corporation). The extracts were preserved in glass sam-
ple bottles and kept in − 20 °C for further use. The ex-
tracts were prepared at ratio of 1:6 during cold
maceration process. The yields of the extracts of C. max-
ima were found to be 0.262%, 0.562%, 2.882%, 1.151%,
8.305% and 0.167% w/w with petroleum ether (40–
60 °C), chloroform, ethyl acetate, methanol, hydro-
alcoholic and traditional solvent system respectively.
Similarly, in case of A. nilagirica, the yields of the ex-
tracts were found to be 0.757%, 1.627%, 1.891%, 2.062%,
1.770% and 0.215% w/w with petroleum ether (40–
60 °C), chloroform, ethyl acetate, methanol, hydro-
alcoholic and traditional solvent system respectively.

In vitro antimalarial screening of the extracts
Preparation of standard and test samples
For this study, 1 mg/ml stock solutions of the extracts
were prepared by using incomplete RPMI-1640 media
containing 0.5% DMSO. Chloroquine phosphate was
used as standard drug in this study and prepared 100 μg/
ml stock using the same protocol as used for extracts for
further use.

In vitro culture of malaria parasites
The chloroquine sensitive (3D7) and chloroquine resist-
ant (RKL-9) strains of the malaria parasite P. falciparum
were obtained from the Parasite Bank of National Institute
of Malaria Research (Indian Council of Medical Research),
New Delhi. The strains of P. falciparum were maintained
in fresh A+ erythrocytes suspended in RPMI-1640 medium
supplemented with 25mM HEPES, 1% D-glucose, 0.23%
sodium bicarbonate, gentamycin (40mg/ml), amphotericin-
B (0.25mg/ml) and 10% heat-inactivated AB+ serum at
37 °C and 5% CO2 environment [32, 33]. After every 24 h,
the used medium was replaced with fresh medium supple-
mented with 10% heat-inactivated AB+ serum and the
parasitemia level was maintained below 2%.

Antimalarial activity screening & determination of IC50
values
The antimalarial screening of the extracts was carried
out against both 3D7 and RKL-9 strain of P. falciparum
by Giemsa staining light microscopy method. For anti-
malarial testing, initially the asynchronous P. falciparum
parasites were synchronized to obtain only the ring stage
parasitized cells by treating with 5% D-sorbitol [34]. The
initial ring stage parasitemia was maintained at 0.5% in
4% haematocrit using complete medium and fresh A+
erythrocytes before using in the screening. For screening,
test and standard drugs were taken in nine different con-
centrations by two fold serial dilutions for both the 3D7

and RKL-9 strains in 96 well plates. The concentration
ranges for test drug and standard drug were 50 to
0.19 μg/ml and 5 to 0.019 μg/ml respectively. All the
treatments were performed in triplicates. Then parasit-
ized blood was added to the wells of 96-well plate con-
taining 100 μl of test and standard samples to carry out
the assay. The plates were incubated at 37 °C in an en-
vironment of 5% CO2 for 36–40 h in a CO2 incubator.
After the incubation period, blood smears were prepared
in glass slide from each well and fixed by treating with
methanol. The slides were stained with 10% Giemsa
stain prepared in 1% phosphate buffer solution (PBS).
After that number of schizonts (3 or more merozoites
containing) per 100 asexual parasites were counted
under a light microscope (Leica DM1000) at 1000X (oil
emersion) magnification [35]. The percentage inhibition
for each concentration was calculated by the following
equation:

%Inhibition ¼ 1−
no:of schizonts in test

no:of schizonts in negative control
� 100

Finally, the IC50 values were calculated by plotting non-
linear regression curve between log dose vs percentage
(%) inhibition using GraphPad Prism (GraphPad Prism
v.7 San Diego, California, USA). Based on the obtained
IC50 values, the extracts were categorized in to active
(< 10 μg/ml), intermediate (10–25 μg/ml) or inactive
(> 25 μg/ml) categories [36].

In vitro cytotoxicity study
The most active extract obtained for each plant from the
in vitro antimalarial study were further taken for in vitro
cytotoxicity study using MTT assay [37]. The study was
carried out against normal murine macrophage
RAW264.7 cell line. Approximately, 1 × 104 cells/ml
were cultured in DMEM (Dulbecco’s Modified Eagle’s
medium) media supplemented with 2 mML-glutamine,
1 mM sodium pyruvate, 10% FBS (Fetal Bovine Serum),
penicillin (100 units/ml), streptomycin (10 μg/ml) and
allowed to incubate at 37 °C in a humidified 5% CO2 en-
vironment. After 80% cell confluency, the cells were
treated with different concentrations (50, 100, 200 and
500 μg/ml) of the selected test extracts and incubated
for 24 h. Cells without any treatment were considered as
control. After 24 h incubation, 0.5 mg/ml MTT was
added to each well of the plates and incubated for a fur-
ther 5 h. After the completion of the incubation, formed
formazone complexes were dissolved properly in MTT
solvent and the absorbance was taken at 570 nm using a
microplate reader (Multiskan™ FC Microplate Photom-
eter). The experiment was performed in triplicates and
the percentage of cell viability was calculated for each
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concentration and compared to control cells without
any treatment. Finally, CC50 (cytotoxic concentration)
were determined for the test extracts.

Phytochemical and qualitative fingerprint analysis
The various biological activities shown by plant extracts are
mainly due to the presence of the different secondary me-
tabolites like alkaloids, flavonoids, glycosides, terpenoids,
saponins, steroids, tannins etc. [38]. The active extract from
each plant was analysed by chemical reagents to detect the
presence of those secondary metabolites using standard
procedures as described in the earlier study [39].
The qualitative fingerprint analysis of an extract under

the controlled environment is one of the quality control
parameters for herbal products [40, 41]. In this study,
the qualitative fingerprints of the active extracts were de-
veloped using HPTLC densitometry analysis under con-
trol environment of temperature and humidity. The study
was carried out by using Camag TLC Scanner 4, semiau-
tomatic sample spotter Linomat 5, UV visualization cabi-
net (deuterium, tungsten and mercury lamp), 100 μl
Hamilton dosage syringe, TLC aluminium plate pre-
coated with silica gel 60 F254 (10 cm× 10 cm) and glass
twin trough chamber (10 cm × 10 cm).
Initially, stock solutions of the marker compound

(quercetin for A. nilagirica)/semi-purified fraction for C.
maxima (1 mg/ml) and active extracts (10 mg/ml) were
prepared in their respective solvents by sonicating for
15 min. Then the samples were centrifuged at 2000 rpm
for 5 min and the supernatants were transferred to the
sample vials by filtration for further use.
The experiment was carried out at a temperature of

25 ± 2 °C, relative humidity 55%. In the TLC plate (10
cm× 10 cm), 2 μL of the marker compound or semi-

purified fraction in duplicate and 4 μL of the active ex-
tracts in quadruplicate were applied as a band of 8mm×
1mm in size at a distance of 8mm from the bottom. After
applying the sample, the plates were developed using 10
ml mobile phase composed of toluene: ethyl acetate:
methanol: formic acid at a ratio of 3:5:1:0.5 using the glass
twin trough chamber (10 cm× 10 cm). The plates were de-
veloped up to a distance of 7 cm and air-dried at room
temperature. Then plates were visualized under UV cabi-
net at 254 nm and 366 nm. After that, the plates were
scanned at 254 nm in absorbance mode and at 366 nm in
fluorescence mode using the Camag TLC scanner 4 linked
with VisionCAT 2.5 software. During scanning, the slit di-
mension was kept at 5 × 0.2mm and the scanning speed
was employed at 20mm/s [42].

Results
Identification and small scale extraction of plant materials
The plants used in the preparation of herbarium were
identified as Citrus maxima (Burm.) Merr. (F: Rutaceae)
and Artemisia nilagirca (C.B. Clarke) Pamp. (F: Astera-
ceae) by Dr. N. Odyuo, Scientist D, Botanical Survey of
India, Shillong (Ref no. BSI/ERC/Tech/2019/481 dated
23.09.2019). After completing the extraction process, the
highest yield was obtained in hydro-alcoholic solvent
system for C. maxima whereas highest yield was ob-
tained in methanol solvent for A. nilagirica.

In vitro antimalarial activity
The slides prepared from each well were observed under
the light microscope and the number of infected erythro-
cytes were counted within a particular area. From the in-
fected erythrocytes, the number of parasites with schizont
stage were calculated and used for determination of %

Table 1 IC50 values of the plant extracts against 3D7 and RKL-9 strains of P. falciparum

Sl.
No.

Samples IC50
a (μg/ml)

Plant Solvent for extraction 3D7 RKL-9

1 C. maxima Petroleum ether (PE) 27.25 ± 1.52 42.70 ± 0.14

Chloroform (Chlor) 7.20 ± 0.16 11.74 ± 0.01

Ethyl acetate (EA) 5.87 ± 0.19 6.19 ± 0.22

Methanol (ME) 3.52 ± 0.32 4.52 ± 0.19

Hydro-alcoholic (HA) 3.41 ± 0.31 4.45 ± 0.10

Remedy (REM) 20.77 ± 1.30 31.19 ± 2.29

2 A. nilagirica Petroleum ether (PE) 14.24 ± 0.25 18.65 ± 0.67

Chloroform (Chlor) 11.61 ± 1.26 14.51 ± 0.26

Ethyl acetate (EA) 5.22 ± 0.14 5.75 ± 0.23

Methanol (ME) 3.28 ± 0.08 3.81 ± 0.34

Hydro-alcoholic (HA) 3.41 ± 0.11 5.51 ± 0.39

Remedy (REM) 26.51 ± 1.35 37.86 ± 3.17

3 Standard drug (Chloroquine phosphate) 0.54 ± 0.02 0.88 ± 0.04
aThe IC50 values (Mean ± SD) were calculated from triplicate analysis
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inhibition. The in vitro antimalarial activity of the extracts
was determined in the form of IC50 values using non-
linear regression analysis against both 3D7 and RKL-9
strains, and compared with the standard drug chloroquine
phosphate (Table 1 & Fig. 1). The representative photomi-
crographs of smear observed under the microscope during
counting are shown in Fig. 2. From the results, it was ob-
served that in the case of C. maxima the hydro-alcoholic
extract (CM-HA) showed the lowest IC50 values 3.41 ±
0.31 μg/ml and 4.45 ± 0.10 μg/ml against 3D7 and RKL-9
strains respectively. In the case of A. nilagirica, methanol
extract (AN-ME) showed the lowest IC50 values 3.28 ±
0.08 μg/ml and 3.81 ± 0.34 μg/ml against 3D7 and RKL-9
stains respectively.

In vitro cytotoxicity study
The active extract(s) selected from the antimalarial
screening were further analysed for cytotoxicity potential
by MTT assay. The methanol extract of A. nilagirica
(AN-ME) and hydro-alcoholic extract of C. maxima
(CM-HA) were screened against normal murine macro-
phage RAW264.7 cell line where % viability for the
methanol extract of A. nilagirica was found to be more
than 90% at the maximum dose 500 μg/ml (Fig. 3). On
the other hand, the % viability for the hydro-alcoholic
extract of C. maxima was found to be less than 50% at
the maximum dose of 500 μg/ml (Fig. 3). Later CC50

values for both the extracts were determined and found
to be more than 100 μg/ml for both the extracts (Fig. 3).

Fig. 1 Calculation of IC50 values by non-linear regression analysis (GraphPad Prism) using nine different concentrations with two-fold serial
dilution. For the test extracts the dilution was made from 50 μg/ml to 0.195 μg/ml whereas for the standard drug the dilution was made from
5 μg/ml to 0.019 μg/ml. The experiment was performed in triplicates and each value is the mean ± SD of three replicates
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Phytochemical & fingerprint analysis
The bioactive potential shown by a plant extract is due
to the presence of different plant secondary metabolites
in the sample. From the preliminary chemical tests, alka-
loids, flavonoids and glycosides were found to be present
in the CM-HA extract whereas, alkaloids, flavonoids,
tannins and terpenoids were found to be present in the
AN-ME extract (Table S1).
The qualitative fingerprint analysis of extract is a

standardization process of plant material or plant extract

in the absence of known marker or standard compound.
The fingerprints of the active extracts were developed
under control environmental conditions like temperature
and humidity, and found the presence of various types of
compounds in the extracts (Figs. 4 and 5). The chromato-
grams developed after scanning under 254 nm (absorb-
ance mode) and 366 nm (fluorescence mode) for each
extract revealed the presence of multiple components
(based on number of peaks) and their possible quantity
(based on the area of the peaks) (Fig. S1 & S2).

Fig. 2 Representative photomicrographs taken during the observation under light microscope at 1000X (oil emersion) magnification showing
infected erythrocytes by different strains of P. falciparum; a. 3D7 without treatment, b. 3D7 with treatment (50 μg/ml), c. RKL-9 without treatment
and d. RKL-9 with treatment (50 μg/ml)

Fig. 3 Cytotoxic effects of the active extracts of C. maxima and A. nilagirica on murine macrophage RAW264.7 cell line; a Cell viability after
treatment of 24 h with the different dose of the extracts. b Determination of CC50 values of the two extracts (CM-HA and AN-ME). The
experiment was performed in triplicates and each value is the mean ± SD of three replicates
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Discussion
The discovery of new antimalarial lead molecule(s) or
the development to of antimalarial phytopharmaceutical
product(s) from traditionally used plant materials/parts
has gained significant importance [43]. For that purpose,
the preliminary in vitro antimalarial screening of the
plant materials/parts is very essential along with their
toxicity assessment against normal mammalian/human
cell. Therefore, this study aimed to evaluate the antimal-
arial potential of the different extracts of the two se-
lected traditionally used plants as well as cytotoxic effect
of the active extracts in in vitro conditions. All the ex-
tracts obtained from the two plants (C. maxima and A.
nilagirica) showed the antimalarial activity within differ-
ent ranges in the form of IC50 values in in vitro

antimalarial analysis. From the results, we found that the
ethyl acetate, methanol and hydro-alcoholic extracts
came under active category (< 10 μg/ml) against both
3D7 and RKL-9 strains of P. falciparum. The chloroform
extract of C. maxima also came under the active cat-
egory only against the 3D7 strain of P. falciparum. How-
ever, among the active extracts, in the case of C.
maxima, the hydro-alcoholic extract showed the best ac-
tivity with IC50 values 3.41 ± 0.31 μg/ml and 4.45 ±
0.10 μg/ml against 3D7 and RKL-9 respectively (Table
1). Whereas in the case of A. nilagirica, the methanol
extract showed the best activity with IC50 values 3.28 ±
0.08 μg/ml (3D7) and 3.81 ± 0.34 μg/ml against 3D7 and
RKL-9 respectively (Table 1). These two extracts may
contain the phytoconstituents which are responsible for

Fig. 4 Visualization of the TLC plates under UV visualizer at 254 nm and 366 nm to detect the presence of different plant secondary metabolites
of Citrus maxima (Burm.) Merr

Fig. 5 Visualization of the TLC plates under UV visualizer at 254 nm and 366 nm to detect the presence of different plant secondary metabolites
of Artemisia nilagirica (C.B. Clarke) Pamp
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strong antimalarial activity against P. falciparum strains.
The antimalarial activity of the root part of C. maxima
is not reported till date. But the antimalarial activity of
the leaves of A. nilagirica was reported by Panda et al.
against a different strain of P. falciparum where metha-
nol extract was found to be the most active [29]. The
preliminary phytochemical screening of the extracts
revealed the presence of some important class of plant
secondary metabolites like alkaloids, flavonoids and ter-
penoids. Pan et al., 2018 already reported the antimalar-
ial activity of secondary metabolites like alkaloids,
flavonoids and terpenoids [44]. Hence, the potential
in vitro antimalarial activity showed by the active ex-
tracts (CM-HA and AN-ME) against the two P. falcip-
arum strains may be due to the presence of these
important classes of secondary metabolites. Although
the IC50 values of these two extracts were not near to
the IC50 values of the standard drug chloroquine phos-
phate (IC50 values 0.54 ± 0.02 μg/ml and 0.88 ± 0.04 μg/
ml against 3D7 and RKL-9 respectively), at extract level
the results were satisfactory and can be taken for further
study [45]. In the case of both the plants, the samples
prepared in the traditional way were found to be either
in the intermediate or inactive category. But as they were
showing some extent of inhibition in the growth of the
parasites hence the traditional way of using these plant
parts give some benefits to the patients. The activity of
the other extracts also suggests the positive impacts of
these plants on the treatment of malaria.
The two active extracts were further examined for

their cytotoxicity potential against normal cell line (mur-
ine macrophage RAW264.7 cell line) where the metha-
nol extract of A. nilagirica (AN-ME) was found to be
safe even at a dose of 500 μg/ml with > 90% cell viability
(Fig. 3). But the hydro-alcoholic extract of C. maxima
(CM-HA) was found to be toxic at the maximum dose
of 500 μg/ml with < 50% cell viability (Fig. 3). After that,
the CC50 values of the extracts were determined where
the CC50 value of the CM-HA was found to be 817.3 ±
2.4 μg/ml whereas the CC50 value of the AN-ME was
found to be > 1000 μg/ml. Overall both the extracts
(CM-HA and AN-ME) were found to be more selective
towards P. falciparum than normal cells. Besides extracts
or compounds with CC50 > 90 μg/ml against normal cell
line are considered to be safe and can be taken for fur-
ther study [46], hence the two test extracts can be uti-
lized for further preclinical studies.
The preliminary phytochemical and fingerprint ana-

lysis provide an idea regarding the presence of different
plant metabolites in the selected extract [47]. As from
the analysis, no known markers were found for both the
extracts, the qualitative fingerprints were developed in a
controlled environment of temperature and humidity
using a suitable mobile phase. The photographs as well

the chromatograms developed during the study gave an
idea that the CM-HA contained diverse groups of com-
pounds with absorbance and fluorescence characteristics
(Fig. 4). The intensities of the bands also indicate the
presence of significant amounts of few compounds in
the extract. Similarly, the photographs and chromato-
grams of AN-ME also showed the presence of diverse
groups of compounds but the intensity of the bands indi-
cated the presence of those compounds in less quantity
(Fig. 5). These two final extracts (CM-HA and AN-ME)
were found to be highly active (< 5 μg/ml) with the pres-
ence of various important secondary metabolites. These
active extracts can deliver new/novel lead compound(s)
with antimalarial activity as well as can be further utilized
for the development of phytopharmaceutical products by
fulfilling the criteria of regulatory body like CDSCO (Cen-
tral Drugs Standard Control Organisation) for global
acceptance.

Conclusion
In this study, we investigated the antimalarial activity of
different extracts of two traditionally used medicinal
plants C. maxima and A. nilagirica against both chloro-
quine sensitive (3D7) and chloroquine resistant (RKL-9)
strains of P. falciparum. From the results obtained from
in vitro experiments, it was observed that hydro-alcoholic
extract of C. maxima and methanolic extracts of A. nila-
girica showed the potent activity against the strains of P.
falciparum without having any toxic effect. The findings
of the study will help in identification of active antimalar-
ial lead molecule(s) from the active extracts to develop
safe and potent antimalarial drug(s) or phytopharmaceuti-
cal(s) by following proper standardization techniques as
per the regulatory guidelines.
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