
INTRODUCTION

 Historically and traditionally, plant parts have al-
ways been used as an important source for development 
of medicines against malaria and other diseases. Most ef-
fective antimalarial drugs such as chloroquine, quinine 
and artemisinin are derived from plants. The first effective 
antimalarial drug, quinine was extracted from Cinchona 
tree; based on which chloroquine and primaquine were 
synthesized. An another effective drug artemisinin was 
extracted from an herbal tree, Artemisia annua in 19721. 

Drug resistance is a growing problem for malaria 
treatment in the 21st century. In the context of a high dis-
ease burden, the development of resistance has a major 
influence on the control of malaria in affected countries. 

Resistance against chloroquine was reported long back 
in Thailand2 in 1957, which consequently spread all over 
the world; with first report from India in 1976. Due to the 
reports of resistance, the most malaria endemic countries 
have stopped using chloroquine as the first line of treat-
ment for malaria. At present, artemisinin and its deriva-
tives are used as first line of treatment3. Unfortunately, 
artemisinin-resistant strains have been also reported from 
Thai-Cambodia region in 2009, highlighting the need for 
new antimalarials4. 

Hence, the World Health Organization has recom-
mended artemisinin and its derivatives in combination 
with other drugs such as amodiaquine, mefloquine, lume-
fantrine, and sulphadoxine-pyrimethamine (SP) as the 
first-line therapy for malaria worldwide. The efficacy of 
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ABSTRACT

Background & objectives: Malaria is a deadly parasitic disease, having a high rate of incidence and mortality 
across the world. The spread and development of resistance against chemical insecticides is one of the major prob-
lems associated with malaria treatment and control. Hence, plant based formulations may serve as an alternative  
source towards development of new drugs for treatment of malaria. The present study was aimed to evaluate the 
in vitro antiplasmodial activities of leaf, stem and flower of Calotropis gigantea against chloroquine-sensitive 
Plasmodium falciparum (3D7 strain) and its cytotoxicity against THP-1 cell lines. The plant extract which showed 
highest potency, in the in vitro antimalarial activity was further tested in vivo against P. berghei (ANKA strain) for 
validating its efficacy. 
Methods: The crude extracts of methanol, ethyl acetate and chloroform from leaves, stem and flowers of C. gigantea 
were prepared using Soxhlet apparatus. These extracts were screened for in vitro antimalarial activity against P. 
falciparum 3D7 strain. The cytotoxicity studies of crude extracts were conducted against THP-1 cell line. Phyto-
chemical analysis of these extracts was carried out by following the standard methods. The damage to erythrocytes 
due to the plant extracts was tested. The in vivo study was conducted in P. berghei (ANKA) infected BALB/c albino 
mice by following the 4-day suppressive test.
Results: The phytochemical screening of the crude extracts showed the presence of alkaloids, flavonoids, triter-
penes, tannins, carbohydrates, phenols, coumarins, saponins, phlobatannins and steroids. Out of all the extracts, the 
methanolic extract of leaves showed highest antimalarial activity with IC50 value of 12.17 µg/ml. In cytotoxicity 
evaluation, none of the crude extracts, showed cytotoxicity on THP-1 cell line. Since, methanolic leaf extract of C. 
gigantea showed good antimalarial activity in vitro, it was tested in vivo. In the in vivo results, the methanolic leaf 
extract of C. gigantea exhibited an excellent activity against P. berghei malaria parasite, wherein the decrement of 
parasite counts was moderately low and dose-dependent (p < 0.05) in comparison to the P. berghei infected control 
group, which showed a daily increase of parasitaemia unlike the chloroquine-treated group.
Interpretation & conclusion: The methanolic leaf extract of C. gigantea may act as potent alternative source for 
development of new medicines or drugs for the treatment of drug-resistant malaria. Thus, further research is needed 
to characterize the bioactive molecules of the extracts of C. gigantea that are responsible for inhibition of malaria 
parasite.
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the plant based products has encouraged the search for 
novel plant-derived antimalarial drugs/remedies3.   

Thus, the present investigation was focused to study 
the antimalarial activity of Calotropis gigantea, a plant 
with several medicinal properties. The flowering plant, 
C. gigantea is a well-known plant, belonging to the fam-
ily of Apocynaceae and subfamily of Asclepiadaceae. It 
is found throughout the tropical and subtropical parts of 
Asia and Africa5. These plants are commonly known as 
milkweeds and native to the countries of Bangladesh, 
Myanmar, China, India, Indonesia, Malaysia, Pakistan, 
Philippines, Thailand and Sri Lanka.

The plant C. gigantea is a large shrub growing up to 
4 m (13 ft) tall. It has clusters of waxy flowers that are 
either white or lavender in colour. Each flower consists 
of five pointed petals and a small, elegant “crown” rising 
from the centre, which holds the stamens. The aestiva-
tion found in C. gigantea is valvate, i.e. sepals or petals 
in a whorl just touch one another at the margin, without 
overlapping. The plant has oval, light green leaves and 
milky stem. The latex of C. gigantea contains cardiac 
glycosides, fatty acids, and calcium oxalate. Calotropis 
gigantea is commonly available in India and used for sev-
eral medication purposes in traditional medicinal system6. 

Hence, the purpose of the present study was to inves-
tigate the in vitro antimalarial activity of plant extracts of 
C. gigantea against Plasmodium falciparum (3D7 strain) 
along with its cytotoxicity against THP-1 cell line. The 
plant extract which showed potent in vitro antimalarial 
activity was further tested for in vivo antimalarial activ-
ity against P. berghei (ANKA strain) in experimental 
BALB/c mice.

MATERIAL & METHODS

Collection of plant materials
Fresh samples of leaves, stem and flowers of C. gi-

gantea were collected from the Acharya Nagarjuna Uni-
versity Campus, Guntur district, Andhra Pradesh, India 
(Fig. 1). The confirmation of the plant species was done 
by Prof. S. M. Khasim, Department of Botany, Acharya 
Nagarjuna University. All the collected plant parts were 
washed with tap water and distilled water to confiscate the 
dust and adhering materials.

Extract preparation
Shade-dried plant parts (leaves, stem and flowers) 

were used for preparation of methanol, ethyl acetate 
and chloroform extracts in a Soxhlet apparatus (Borosil, 
Andhra Pradesh, India) at 50–60°C. After complete ex-
traction, the filtrates were concentrated by rotary vacuum 

(a)

(c)

(b)

(d)

Fig. 1: Calotropis gigantea L. plant and its parts—(a) Whole plant; 
(b) Leaf; (c) Stem; and (d) Flower.

evaporation ( >45°C) and then freeze dried (−20°C) to 
obtain solid residue. The extraction percentage was cal-
culated by the following formula: 

% Extraction = × 100
Weight of the extract (g)

Weight of the plant material (g)

The plant extracts were screened for the presence 
of phytochemical constituents by following the method 
of Sofowora7 and Kepam8. The plant extracts were dis-
solved in dimethyl sulphoxide (DMSO) and were filtered 
through ‘millipore sterile filters’ (mesh 0.20 μm; Sartori-
ous Stedim Biotech GmbH, Germany).
 
Parasite cultivation

The plant extracts were screened for antiplasmodial 
activity against chloroquine sensitive P. falciparum 3D7 
strain obtained from ongoing cultures in the research lab-
oratory of Zoology Department of the University which 
were cultured according to the method of Trager and Jen-
son9 in candle jar desiccator. The P. falciparum culture 
was further cultivated in human ORh+ red blood cells using 
RPMI 1640 medium (Sigma Laboratories Private Limit-
ed, Mumbai, India) supplemented with ORh+ serum (10%), 
5% sodium bicarbonate and 50 µg/ml of gentamycin sul-
fate. Haematocrits were adjusted at 2% and cultures of 
parasite were used when they exhibited 2% parasitaemia8.

In vitro antimalarial screening
The P. falciparum malaria parasite culture suspension 

of 3D7 (synchronized with 5% sorbitol to ring stage) was 
seeded (200 µl/well) in 96-well tissue culture plates. The 
plant extracts (methanol, ethyl acetate and chloroform of 
leaf, stem and flower) of C. gigantea were added to these 
wells in different concentrations (100, 50, 25, 12.5 and 
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6.25 µg/ml). Chloroquine treated parasites were kept as 
‘control positive’ and DMSO treated parasites were kept 
as ‘control negative’ groups. The parasites were cultured 
for 30 h in candle jar desiccator. The cultures were incu-
bated at 37 °C for 48 h in presence of 2% O2, 5% CO2 and 
93% N2. After 18 h (before termination of the assay), [3H] 
Hypoxanthine (0.5 µ Ci/well) was added to each well. The 
effect of extracts in the cultures was evaluated by the mea-
surement of [3H] Hypoxanthine absorption into the para-
site nucleic acids10. Each treatment had four replicates; 
at end of the experiment, one set of the parasite infected 
red blood cells was collected from the wells and blood 
smears were prepared. These smears were stained with 
acridine orange (AO) and Giemsa stain. Stained smears 
were observed under UV illumination microscope (Carl 
Zeiss, Bengaluru, India) for confirmation of [3H] Hypo-
xanthine assay. 

The experiment was terminated and the cultures were 
frozen and stored at −20°C. The parasites were harvested 
on glass filter papers using NUNC cell harvester and count 
per minute (CPM) was recorded in gamma scintillation 
counter. Control readings were considered as 100% para-
site growth and the parasite inhibition was calculated for 
plant extract treated samples. The parasite inhibition was 
calculated as follows11.

% Inhibition= × 100
(Av. CPM of control—Av. CPM plant extracts)

Av. CPM of control

The inhibitory concentrations, IC50 values were de-
termined by plotting concentration of extract on X-axis 
and percentage of inhibition on Y-axis with dose-response 
curves using Minitab statistical analysis software pack-
age, version 11.12 (32 bit). The in vitro antiplasmodial 
activity of the extracts was categorized into four groups12 
based on IC50 value, i.e.< 5 µg/ml: Very active; 5–50 µg/
ml: Active; 50–100 µg/ml: Weakly active; and >100 µg/
ml: Inactive12.

Cytotoxicity of extracts to THP-1 monocyte cells
 Cytotoxic properties of these crude extracts (metha-

nol, ethyl acetate and chloroform of leaf, stem and flower) 
of C. gigantea were assessed by functional assay using 
THP-1 cell line13. The cells were cultured in RPMI-1640 
medium containing 10% fetal bovine serum, 0.21% so-
dium bicarbonate (Sigma-Aldrich, Ahmedabad, India), 
and 100 µg/ml penicillin and 50 μg/ml gentamicin (com-
plete medium from Sigma-Aldrich, Ahmedabad, India). 
Briefly, cells (0.2×106 cells/200 μl/well) were seeded into 
96-well culture plates in complete medium. The plant ex-
tracts in different concentrations (100, 50, 25 and 12.5 
and 6.25 µg/ml) were added after 24 h of seeding and 

incubated for 48 h in a humidified atmosphere at 37°C and 
5% CO2 with DMSO as ‘control negative’ and ellipticine 
as ‘control positive’. At the end of the experiment 10 µl of 
a stock solution of MTT (5 µg/ml in 1 × PBS) was added 
to each well, gently mixed and incubated for another 4 h. 
The plates were centrifuged at 1500 rpm for 5 min, and 
the supernatants were discarded; subsequently 100 μl of 
DMSO (stopping agent) was added. After formation of 
formazan, it was read on a microtiter plate reader (Versa 
Max Tunable multi-well plate reader from Sigma-Aldrich,  
Ahmedabad, India) at 570 nm and the percentage of cell 
viability was calculated using the following formula14. 

% Cell viability = × 100
Mean absorbance in test wells

Mean absorbance in control wells 

The selectivity index (SI) of in vitro toxicity was cal-
culated for each extract as follows: 

SI = × 100
IC50 of THP-1 cells
IC50 of P. falciparum

The IC50 values were determined as described in pre-
vious section.

 Assessment of erythrocytic damage
To assess the chemical injury to erythrocytes due to 

the plant extracts (methanol, ethyl acetate and chloro-
form of leaf, stem and flower) of C. gigantea; 200 μl of 
erythrocytes were incubated with 100 µg/ml of the ex-
tract, the highest equivalent dose used in antiplasmodial 
assay11. The experiments were conducted under the same 
conditions as that of the antiplasmodial assay. After 48 h 
of incubation, the assay was terminated and thin blood 
smears were prepared and fixed with methanol and air 
dried. These smears were stained with Giemsa stain and 
observed for morphological variations of erythrocytes 
under a light microscope. These morphological findings 
were compared with the normal erythrocytes of the con-
trol group11.

Extracts dilutions
The methanol, ethyl acetate and chloroform of crude 

leaf, stem and flower of C. gigantea were first dissolved 
in DMSO to prepare a stock concentration of 50 mg/ml. 
The stock solution was then diluted in RPMI 1640 me-
dium to make 10 mg/ml of working concentration for in 
vitro (P. falciparum and THP-1 cell line) studies. From the 
above working solution, different concentrations of crude 
extract such as 6.25, 12.5, 25, 50 and 100 μg/ml were pre-
pared by serial dilution15 for antimalarial screening against 
chloroquine-sensitive P. falciparum 3D7 strain and to test 
cytotoxicity against THP-1 cell line and a working solu-
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tion of 50 mg/ml was prepared for in vivo (mice) studies. 
The extract concentrations from 200 to 1000 mg/kg body 
weight were prepared in PBS for in vivo antimalarial ac-
tivity against P. berghei in BALB/c experimental mice.

In vivo study of methanolic leaf extract of C. gigantea
Healthy BALB/c female mice aged 6–8 wk (25–30 

g) were used for the present study (obtained from the Ma-
haveera Enterprises, Hyderabad, Telangana, India). The 
mice were fed on standard pellet diet and water was given 
ad libitum. They were housed in clean, dry polypropylene 
cages and maintained in a well-ventilated animal house 
with 12 h light/12 h dark cycle. 

The chloroquine sensitive P. berghei ANKA strain 
was maintained in vivo in BALB/c mice in the laboratory 
by weekly inoculation of 1×107 infected red blood cells 
in naïve mice. Then, the parasitaemia was counted with 
haemocytometer and the parasites were adjusted to 0.5 × 
106 in PBS sterile solution. Each animal was injected in-
traperitoneally with 200 µl (0.2 ml) inoculum along with 
0.5×106 parasites inoculated on first day16, i.e. Day 0. 

For evaluating the methanolic leaf crude extract of C. 
gigantea, infected mice were randomly divided into seven 
groups of 5 mice/group. Group I to V were treated with the 
methanolic leaf extract at doses of 200, 400, 600, 800 and 
1000 mg/kg respectively. The remaining two groups were 
maintained as control negative and control positive; and 
administered PBS and chloroquine with 5 mg/kg body 
weight/day respectively. 

The 4-day suppressive test
This test was used to evaluate the schizonticidal activ-

ity of the methanolic leaf extract of C. gigantea against P. 
berghei infected mice according to the method described 
by Peter et al17. These infected mice were randomly divid-
ed into their respective groups as described above. Then 
treatment was started 3 h after mice were inoculated with 
the parasites on Day 0 and then continued daily for four 
days from Day 0 to 3. After completion of treatment, thin 
blood film was prepared from the tail of each animal on 
Day 4 to determine the parasitaemia and percentage of 
inhibition. Additionally, each mouse was observed daily 
for determination of survival time.

Parasitaemia measurement
Thin smears of blood were made from the tail of 

each mouse at the end of the 4-day suppressive test.  
These smears were fixed with absolute methanol for 15 
min and stained with 10% Geimsa stain at pH 7.2 for 15 
min and acridine orange. The stained slides were then 
washed gently using distilled water and air dried at room 

temperature. Two stained slides for each mouse were 
examined under Trinocular microscope (CHi 20, Benga-
luru, India) and UV illumination microscope (Carl Zeiss, 
Bengaluru, India) with an oil immersion objective with 
100× magnification. Five different fields on each slide 
were examined to calculate the average parasitaemia as 
mentioned below.

% Parasitaemia  = × 100
Number of parasitized RBC

Total number of RBC

Percentage of parasitaemia suppression of the ex-
tracts was calculated by the following formula.

% Suppression  = × 100

Mean parasitaemia of control 
negative group

Mean parasitemia of treated group 

Monitoring of body weight
Based on Peter et al17 test, body weight of each mouse 

was measured before infection (Day 0) and on Day 4 using 
a sensitive digital weighing balance. 

Packed cell volume measurement
Packed cell volume (PCV) was measured to predict 

the effectiveness of the tested extract in preventing hae-
molysis resulting from increased parasitaemia due to ma-
laria infection. Heparinized capillary tubes were used for 
collection of blood from tail of each mouse. The capillary 
tubes were filled with blood up to ¾th of their volume and 
sealed at the dry end with sealing clay. The tubes were then 
placed in a micro-haematocrit centrifuge with the sealed 
end outwards and centrifuged for 5 min at 11,000 rpm. The 
tubes were then taken out of the centrifuge machine and 
PCV was determined using a standard Micro-Haematocrit 
Reader (Sigma-Aldrich, Ahmedabad, India). The PCV is 
a measure of the proportion of RBCs to plasma and mea-
sured before inoculating the parasite and after treatment 
using the following formula:

% PCV  = × 100

Volume of erythrocytes in a given 
volume of blood

Total blood volume

Statistical analysis
The mean and standard deviations of the treated and 

control groups were calculated at 95% confidence inter-
vals for inhibition, mortality, parasitaemia, body weight 
and PCV. The results were analyzed statistically by two-
tailed student’s t-test to identify the differences between 
the treated group and control group using Minitab 11.12 
software. The data was considered significant at p < 0.05 
and p < 0.001.
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Ethics: Animal experiments were conducted in accor-
dance with the guidelines of the Institutional Animal Eth-
ics Committee of University College of Pharmacy, Acha-
rya Nagarjuna University, Guntur, Andhra Pradesh, India 
(Approval Number: ANUCPS/IAEC/AH/P18/2016).

RESULTS

The weight of leaves, stem and flowers of C. gigantea 
extracted in methanol, ethyl acetate and chloroform are 
presented in Table 1. The phytochemical studies revealed 
that the methanol, ethyl acetate and chloroform extracts 
of leaf, stem, and flower of C. gigantea consists of a vari-
ety of phytochemical constituents, namely alkaloids, tri-
terpenes, flavonoids, tannins, coumarins, carbohydrates, 
phenols, saponins, phlobatannins and steroids (Table 2). 
These extracts were evaluated for their antimalarial po-
tencies. The IC50 values of the tested plant extracts against 
P. falciparum are listed in Table 3. The in vitro antiplasmo-
dial activity of biological active substances was catego-
rized into four groups based on IC50 value. The IC50 values 
of the methanol, ethyl acetate and chloroform extracts of 
leaves, stem and flowers of C. gigantea were found to 
be in the range from 12.17–71µg/ml against chloroquine-
sensitive P. falciparum strain. The methanol extracts of 
leaves (12.17 μg/ml), stem (44.47 μg/ml); ethyl acetate 
extract of leaves (22.05 μg/ml) and flower (41.66 μg/ml); 

Table 1.  Weight and percentage of yield of different crude extracts 
from Calotropis gigantea plant

Plant’s part Extract Weight of 
plant’s part (g)

Weight of  
extract yield (g)

% Yield

Leaf ME
EA
CH

50
50
50

3.41
2.54
4.13

6.82
5.08
8.26

Stem ME
EA
CH

50
50
50

3.79
0.87
1.56

7.58
1.74
3.12

Flower ME
EA
CH

50
50
50

2.55
3.11
1.25

5.10
6.22
2.50

ME—Methanol; EA—Ethyl acetate; CH—Chloroform.

Table 2. Phytochemical constituents of Calotropis gigantea in 
different extracts of leaves, stem and flowers

Tested 
compound

Leaf Stem Flower

ME EA CH ME EA CH ME EA CH
Alkaloids + – + + + – – + +
Coumarins + – + – + – – – –
Carbohydrates – – + – – + – – –
Phenols + – – – + – – + –
Saponins – – + – – – + + –
Tannins – + – – – – + – –
Flavonoids + – + + – + – – +
Terpenoids – + – + – – + + –
Phlobatannins – – – + + + + – –
Steroids – + – + – – – + –
+Present; –Absent; ME–Methanol; EA–Ethyl acetate; CH–Chloroform.
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Table 3. Antiplasmodial activity of different crude extracts at different concentrations from Calotropis gigantea against P. falciparum 3D7 strain

Plant’s part Extract Percentage inhibition (Mean±SD; p-value) IC50 (µg/ml)
95% CI (LCL–UCL)6.25 (µg/ml) 12.5 (µg/ml) 25 (µg/ml) 50 (µg/ml) 100 (µg/ml)

Leaf ME 26.28±3.16;
0.0053

50.78±4.18;
0.0024

87.87±1.74;
0.0001

95.73±1.79;
0.0001

98.63±0.42;
0.0

12.17±1.18
(9.18–15.04)

EA 7.38±0.78;
0.0015

13.64±1.80;
0.0078

26.82±3.48;
0.0067

27.54±3.32;
0.0061

25.87±7.07;
0.033

ND

CH 6.57±1.13;
0.0046

14.78±2.70;
0.014

42.33±2.48;
0.0013

67.60±1.82;
0.0003

95.86±2.51;
0.0002

33.28±2.35
(27.44–39.13)

Stem ME 3.26±0.97;
0.034

10.76±1.46;
0.0092

27.12±2.05;
0.0023

58.24±2.95;
0.0010

85.32±2.77;
0.0004

44.47±1.86
(39.85–49.08)

EA 12.40±2.14;
0.012

21.50±1.86;
0.0031

56.05±2.93;
0.0010

66.65±7.45;
0.0046

96.35±1.81;
0.0001

22.05±1.16
(19.15–24.94)

CH 2.50±0.58;
0.040

6.79±1.37;
0.025

12.45±2.15;
0.015

25.63±2.81;
0.0052

45.16±1.94;
0.0007

>100

Flower ME 0.57±0.10;
0.69NS

3.32±0.57;
0.026

12.28±1.13;
0.0045

20.75±1.57;
0.0026

46.30±3.72;
0.0026

>100

EA 6.44±0.69;
0.0019

12.89±1.79;
0.0088

37.49±1.29;
0.0005

57.12±4.43;
0.0022

93.34±2.83;
0.0003

41.66±3.21
(33.68–49.65)

CH 3.11±1.24;
0.062NS

13.92±2.01;
0.0092

25.31±1.68;
0.0018

36.99±4.97;
0.0071

69.54±5.84;
0.0026

71±3
(63.55–78.45)

DMSO (Control–) – 0.74±0.65 1.65±0.41 2.47±0.16 3.14±0.02 4.04±0.07 –
CQ (Control+) – – – – – – 3.74±0.75

Values are represented as mean of three replicates ± standard deviation at 95% confidence intervals with lower and upper limits; and  
p-value is significant at <0.05 and <0.001; NS—Not significant; ND—Not determinate; ME—Methanol, EA—Ethyl acetate; CH—Chloro-
form; DMSO—Dimethyl sulphoxide; CQ—Chloroquine.
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Fig. 4: Comparison of CPM counts among control (DMSO treated), 
chloroquine treated and plant extract treated against P. fal-
ciparum 3D7 strain (Methanol leaf extract of C. gigantea 
showed low CPM similar to chloroquine). 

CPM after treatment of all the extracts of C. gigantea, at 
the highest concentration (100 µg/ml) are represented in 
Fig. 4. 

The in vitro cytotoxicity studies against THP-1 cell 
line were conducted for all the extracts. All the nine ex-
tracts had IC50 values > 20 µg/ml. The extract is classified 
as non-toxic when the IC50 value is >20 µg/ml14. Hence, 
none of the plant extracts showed any toxicity in the in 
vivo studies. The selectivity indices also indicated the low 
toxicity of the tested extracts indicating that they are safer 
for therapeutic use (Table 4).

The microscopic observation of uninfected erythro-
cytes incubated with the extracts of C. gigantea and unin-
fected erythrocytes from the blank column of the 96-well 
plate showed no morphological differences after 48 h of 
incubation (Fig. 5). The results of the present study indi-
cated that, methanolic leaf extract of C. gigantea has po-
tent antimalarial activity against P. berghei as evidenced 
in the in vivo BALB/c experimental mice during 4-day 
suppressive test. The methanol extract of leaf caused a 
moderately low (p < 0.05) and dose-dependent decrease 
in parasite counts, unlike the chloroquine treated group, 
while the control group showed a daily increase in para-
sitaemia. 

During the early infection, oral administration of 200, 
400, 600, 800 and 1000 mg/kg body weight/day concen-
tration of extract caused chemo-suppression of 40.81, 
52.02, 65.04, 71.63 and 74.45% respectively which was 
statistically significant at p < 0.05 as compared to negative 
control. The standard drug chloroquine (5 mg/kg body 
weight/day) caused 96.50% chemo-suppression which 
was significant when compared to the extract treated 
groups (Table 5). The highest concentration of the extract 
(1000 mg/kg body weight/day) showed 74.45% chemo-
suppression which was nearly similar to that of standard 
drug chloroquine. 

Fig. 3: Microscopic observations of P. falciparum (3D7 strain)  
inhibition after treatment with (a) DMSO or Control–;  
(b) Chloroform (Control+); and (c) C. gigantea methanol  
(CG MEL) leaf extract at (100 µg/ml) highest concentration  
with acridine orange at 1000× magnification (R—Ring stage; 
T—Trophozoite; S—Schizont). 

Fig. 2: Microscopic observations of P. falciparum (3D7 strain)  
inhibition after treatment with (a) DMSO or Control–;  
(b) Chloroform (Control+); and (c) C. gigantea methanol  
(CG MEL) leaf extracts at highest concentration (100 µg/ml) 
with Giemsa stain at 1000× magnification (R—Ring stage, 
T—Trophozoite, S—Schizont).

(a) (b)

(c)

and chloroform extract of leaves (33.28 μg/ml) showed 
good antimalarial activity and were significant at p < 0.05 
and p<0.001. Among these extracts, the methanol extract 
of leaves showed highest antimalarial activity (IC50= 
12.17 μg/ml). The chloroform extract of flower had IC50 
value between 50 and 100 μg/ml. The chloroform extract 
of leaves and methanol extract of stem did not show any 
antimalarial activity with IC50 values >100 μg/ml. The 
IC50 value of the ethyl acetate extract of leaves could not 
be calculated due of it’s unclear inhibition. 

The microscopic observation of inhibition of P. falci-
parum during treatment of methanolic leaf extract of C. 
gigantea (100 µg/ml) is represented in Figs. 2 and 3. The 

(a) (b)

(c)
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In vivo antiplasmodial activity can be classified as 
moderate, good and very good if an extract demonstrate 
percentage of parasitaemia suppression ≥50% at a dose of 
500, 250 and 100 mg/kg body weight/day respectively18. 
Based on this classification, it can be said that the metha-
nolic crude extract of C. gigantea has good antiplasmodial 
activity.

The comparative analysis of parasitaemia indicated 
that, methanolic leaf extract of C. gigantea showed sig-
nificant difference on 4-day parasitaemia at all dosages 
when compared to the negative control. The lowest level 
of parasitaemia (9.24%) was observed at the highest dose 
(1000 mg/kg body weight/day) of methanolic leaf extract 
of C. gigantea (Table 5 and Fig. 6) which was statistically 
significant (p < 0.05).  

The mean survival time (MST) of the chloroquine 
treated mice (positive control) was 15±0.0 day. The MST 
of infected mice (negative control) was five days. The 
MST of methanol leaf extract of C. gigantea treated mice 
at 200, 400, 600, 800 and 1000 mg/kg body weight/day 
was 6, 8, 10.67, 13.33 and 13.67 days respectively. This 
was significantly longer (p < 0.05) than the value of the 
negative control mice which survived for only five days, 

Table 4. Cytotoxicity of different crude extracts from Calotropis gigantea against THP-1 cell line

Plant part Extract Percentage inhibition (M±SD, p-value) IC50 (µg/ml)
95% CI (LCL–UCL)

SI

6.25 (µg/ml) 12.5 (µg/ml) 25 (µg/ml) 50 (µg/ml) 100 (µg/ml)

Leaf

ME 2.61±0.55;
0.019

7.66 ±2.02;
0.025

19.56±0.82;
0.0006

45.25±1.07;
0.0002

65.95±1.6;
0.0002

62.67±2.52
(56.42–68.92)

>5.14

EA 0.0±0.0;
NS

1.36±0.27;
0.029

7.61±0.77;
0.0042

23.37±1.18;
0.0010

58.02±0.78;
0.0001

87±1
(84.516–89.48)

ND

CH 0.0±0.0;
NS

0.0±0.0;
NS

3.19±0.88;
0.0049

3.60 ±0.95;
0.058

5.04±2.30;
0.12

>100 >3

Stem

ME 1.07±0.11;
0.20NS

5±1.25;
0.024

11.63±1.92;
0.010

18.78±1.39;
0.0022

42.35±2.11;
0.0009

>100 >2.24

EA 2.75 ±0.40
0.012

11.42 ±2.72
0.020

25.67 ±2.98
0.0047

52.52 ±2.16
0.0006

78.49 ±3.45
0.0007

51.84 ±2.49
(48.28–55.87)

>0.51

CH 0.0±0.0;
NS

0.0±0.0;
NS

0.0±0.0;
NS

5.70±2.08
0.069

13.24±2.07
0.010

>100 >1

Flower

ME 0.0±0.0;
NS

1.93±0.25
0.010

7.44±0.99
0.0071

15.63±2.27
0.0085

31.36±2.51
0.0024

>100 >2.40

EA 1.84±0.15
0.059

5.70±1.87
0.039

11.93±1.62
0.0068

23.95±3.33
0.0072

42.49±4.80
0.0046

>100 >1.40

CH 5.16±1.02
0.0062

9.42±0.88
0.0032

32.97±2.29
0.0017

54.98±4.41
0.0023

84.16±2.27
0.0003

43.67
±4.04

(33.63–53.71)

>0.61

DMSO (Control–) – 0.0±0.0 0.40±0.10 0.64±0.12 1.32±0.29 1.51±0.16

Ellipticine (Control+) – – – – – – 0.59±0.25

Values are represented as mean of three replicates ± standard deviation at 95% confidence interval with upper and lower limits; and p-value is 
significant at < 0.05 and < 0.001; NS—Not significant; ME—Methanol; EA—Ethyl acetate; CH—Chloroform; SI—Selective index (SI = IC50 
THP-1 cell line/IC50 P. falciparum 3D7 strain); ND—Not determinate; DMSO—Dimethyl sulphoxide.

Fig. 5: Screening for damage to erythrocytes after treatment with dif-
ferent crude extract of Calotropis gigantea at concentration of 
100 µg/ml vs Control; ME—Methanol; EA—Ethyl acetate;  
CH—Chloroform.

Control
Leaves Flowers

ME

EA

CH

Stem
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Table 7. Packed cell volume during 4-day suppressive test after 
administration of methanol leaf extract of Calotropis gigantea 

against Plasmodium berghei infected BALB/c experimental mice

Test substance Dose
(mg/kg/

day)

PCV on 
Day 0
(%)

% PCV on 
Day 4;
p-value

% 
reduction

Methanol extract 200 50.68±1.77 51.39±1.52;
0.94NS

–1.40

400 48.57±1.51 49.38±1.58;
0.39NS

–1.68

600 52.23±2.60 50±2.83;
0.59NS

  4.26

800 50.39±1.84 51.25±2.38;
0.90NS

–1.71

1000 49.31±2.28 51.09±2.04;
0.84NS

–3.61

Vehicle (–) 1 ml 53.35±3.06 51.56±3.08   3.35
Chloroquine (+) 5 52.79±2.22 54.36±2.48 –2.97
The values are represented as mean of three values ± standard devi-
ation and significant at p < 0.05 (Compared with negative control), 
NS– Non significant; (–) Negative control; (+) Positive control.

Table 5. Parasitaemia, inhibition and survival time in 4-day 
suppressive test after administration of methanol leaf extract of  

C. gigantea against P. berghei infected BALB/c experimental mice

Test substance Dose 
(mg/ kg/

day)

% parasitae-
mia (M±SD; 

p-value)

% Inhi-
bition

Mean survival 
time (Days) ± 
SD; p-value)

Methanol extract 200 21.43±1.03;
0.0080

40.81 6±1;
0.65NS

400 17.37±0.82;
0.0046

52.02 8±1;
0.039

600 12.66±2.17;
0.0009

65.04 10.67±1.52;
0.034

800 10.27±2.06;
0.0006

71.63 13.33±1.15;
0.0093

1000 9.24±1.75;
0.0004

74.45 13.67±0.57;
0.0001

Vehicle (–) 1 ml 36.21±2.06 – 5.66±0.58
Chloroquine (+) 5 1.59±0.90 95.60 15±0.0
The values are represented as mean of three values ± standard devia-
tion and significant at p < 0.05 (Compared with negative control); 
NS—Non significant; (–) Negative control; (+) Positive control.

Table 6. Body weight during 4-day suppressive test after 
administration of methanol leaf extract of C. gigantea against P. 

berghei infected BALB/c experimental mice

Test substance Dose 
(mg/kg/

day)

Weight on  
Day 0 (g)

Weight on  
Day 4 (g);  

p-value

% change

Methanol extract 200 28.56±1.45 27.94±1.45;
0.12NS

  2.17

400 29.39±3.07 30.17±2.79;
0.11NS

–2.65

600 27.46±1.85 28.42±1.60;
0.10NS

–3.86

800 26.17±1.38 27.00±0.91;
0.074NS

–3.17

1000 28.70±1.87 29.47±1.80;
0.071NS

–2.68

Vehicle (–) 1 ml 26.86±1.37 25.54±0.65   4.91
Chloroquine (+) 5 27.35±1.01 28.65±1.18 –4.75
The values are represented as mean of three values ± standard 
deviation and significant at p < 0.05 (Compared with negative 
control), NS—Non significant; (–) Negative control; (+) Positive 
control.

Fig. 6: Microscopic observations after treatment with DMSO or Con-
trol (–) Chloroquine or Control (+); and C. gigantea metha-
nol (CG MEL) leaf extract against P. berghei strain at highest 
concentration (1000 mg/kg body weight/day) with acridine  
orange (AO) and Giemsa (G) stain at 1000× magnification 
(R–Ring stage; T–Trophozoite; S–Schizont; WBC–White 
blood cell).

Control (–)

Control (–)

CG MEL

Control (+)

Control (+)

CG MEL

but the effect was significantly lower than standard drug 
chloroquine treated mice (15 days) (Table 5).

In 4-day suppressive test, all the doses of the metha-
nol leaf extract of C. gigantea showed a preventive effect  
in weight reduction and normalized the weight in infect-
ed mice at all dose levels compared to ‘control negative’  
mice and the increase in body weight was not dose-de-
pendent (Table 6). Also, the methanolic leaf extract of  
C. gigantea exhibited protective activity against the re-
duction in packed cell volume (PCV) levels, when com-
pared to ‘control negative’ but it was not dose-dependent 
(Table 7).

AO

AO

G

G
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DISCUSSION

In the present investigation, methanolic leaf extract 
of C. gigantea showed maximum antiplasmodial activity 
along with synergic effect of one or more phytochemi-
cals, amongst all the tested extracts according to the Ra-
soanaivo et al12 classification. The results of the study are 
in consistent with the outcomes of peer researchers who 
reported the antiplasmodial activity of several plants in-
cluding poly herbal extracts11,19-24. Hence, this is the third 
report of the antimalarial activity of C. gigantea against 
chloroquine-sensitive P. falciparum 3D7 strain.

Wong et al25 assessed the antiproliferative (APF) and 
antiplasmodial (APM) activities of five selected Apocy-
anaceae species including C. gigantea, wherein it was 
found effective against 3D7 strain, which correlates with 
this study. They also reported that the SI of C. gigantea is 
potentially safer for malaria treatment which corroborates 
with present finding.     

The excellent in vitro antiplasmodial activity of the 
plant extracts in the present study might be due to the 
presence of strong phytochemical constituents (Table 2) 
such as alkaloids, coumarins, phenols and flavonoids. Al-
kaloids are the major classes of compounds possessing 
antimalarial activity and quinine is one of the important 
and oldest antimalarial drugs which belong to this class 
of compound26-28.  

It was interesting to note that the majority of the chlo-
roform extracts did not show any activity. However, the 
ethyl acetate extracts showed better antiplasmodial activ-
ity out of the total extracts followed by methanol. In this 
study, some of the selected extracts did not showed in vitro 
antiplasmodial activity in an applicable range. A possible 
clarification could be, factors such as chemo-types, envi-
ronmental parameters, harvesting and storage conditions 
that could collectively influence the plant metabolites 
prior to and following harvesting, which in turn would be 
reflected in the bioactivity.

Some of the traditional medicine involves the use of 
crude plant extracts which contain an extensive diversi-
ty of molecules, often with indefinite biological effects. 
However, most of the available information regarding the 
medicinal potency of these plants is not provided with 
credible scientific data. For this reason, several researches 
have been conducting cytotoxicity assays to determine 
the toxicity of medicinal plants. A general bioassay  
that appears capable of detecting a broad spectrum of bio-
activity present in plant crude extracts is THP-1 cell line. 

The cytotoxic effect in vitro against THP-1 cell line 
revealed that out of nine extracts, almost all showed 
IC50>100 µg/ml. The cytotoxicity > 20 µg/ml is considered 

as non-toxic to animals which is safer for further studies. 
The SI of most of the extracts indicated non-toxicity dur-
ing THP-1 cytotoxicity studies. Extracts with SI values  
> 10 offer the potency for safer therapy.

In addition, none of the test extracts of plant caused 
any chemical injury/damage to the erythrocytic mem-
brane throughout the study. Commonly, the erythrocytic 
membrane is a fragile structure that can be significantly 
altered by drug interactions. The mechanical stability of 
the erythrocytic membrane is an excellent indicator of 
cytotoxicity in in vitro studies since its structural dynam-
ics favours interactions with drugs, and this signifies the 
possible use of these extracts as antiplasmodial drug. The 
mechanism of action is not clear, however, it might be 
due to the inhibition of haemozoin biocrystallization by 
the alkaloids and inhibition of protein synthesis by triter-
penoids28. 

The in vivo model was involved for this study for the 
reason that it takes into account the possible prodrug ef-
fect and possible involvement of the immune system in 
eradication of the infection. Plasmodium berghei ANKA 
was used in the prediction of treatment outcomes and for 
this reason it was an appropriate malaria parasite for the 
study. Several conventional antimalarial agents such as 
chloroquine, halofantrine, mefloquine and more recently 
artemisinin derivatives have been identified using rodent 
model. 

The 4-day suppressive test, which mainly evaluates 
the antimalarial activity of extracts on early infections 
was used in the study for determination of percent inhibi-
tion of parasitaemia. A mean parasitaemia level ≥ 90% to 
that of mock-treated control animals usually indicates that 
the test compound is active in standard screening stud-
ies25. This study revealed that, the methanol leaf extract of 
C. gigantea has very high (p < 0.05) and dose-dependent 
chemosuppression18.

Anaemia, body weight loss and body temperature re-
duction are the common symptoms of malaria infected 
mice. Thus an ideal antimalarial agent obtained from 
plants are expected to prevent body weight loss in infected 
mice due to the rise in parasitaemia. Despite the fact that 
the increase in weight was not consistent with increase 
in dose, the crude extracts of tested plants significantly 
prevented weight loss associated with the decrease in 
parasitaemia level in the suppressive test. The preventive 
effect of extract might be due the presence of saponins, 
flavonoids, glycosides and phenolic compounds found in 
the crude extract30. 

The PCV was measured to evaluate the efficiency 
of the methanol extract in preventing haemolysis due to 
escalating parasitaemia level. The fundamental cause of 
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anaemia include the following mechanisms: the clearance 
and/or destruction of infected RBCs, the clearance of un-
infected RBCs, and erythropoietic suppression and dys-
erythropoiesis. Each of these mechanisms are concerned 
with both human and mouse malarial anaemia31. In the 
present study, the tested plant extracts did not show any 
preventive effect on PCV reduction in 4-day suppressive 
test. However, the reduction of PCV is in slight variation 
when compared to the controls.

Drugs lead to decreased parasitaemia and subsequent 
recovery of symptomatic malaria. They also reduce para-
sitaemia through different ways like reducing parasite nu-
trient intake, interfering with parasite metabolic pathways 
like a haeme metabolic pathway which is involved in the 
metabolism of iron32. Drugs also negatively influence the 
parasite reproduction and growth31. In the present study 
also, the methanolic leaf extract reduced the level of para-
sitaemia and increased the mice survival time. The present 
observation is also supported by Chan and Bagai16 study, 
which reported that the ethanolic extract of the leaves of 
Ajuga bracteosa reduced the number of Plasmodium par-
asites in a mouse model. Earlier studies have shown that 
water and methanolic stem bark extracts of Zanthoxylum 
chalybeum have significant in vitro antiplasmodial activ-
ity against chloroquine-sensitive and -resistance strains 
of P. falciparum33, which corroborates with the findings 
of the present study wherein the methanolic leaf extract 
of C. gigantea exhibited significant in vitro antimalarial 
activity. 

Ogbuehi et al34 have reported the suppressive, re-
pository and therapeutic activity of the methanolic root 
extracts of Anthocleista noblis, Nauclea latifolia and 
Napoleona imperialis from medicinal plants in Nige-
ria responsible for reducing parasitaemia. Anosa et al35 

studied in vivo antiplasmodial activity of ethanolic ex-
tract of stem bark of Enantia polycarpa in mice, infected  
with Plasmodium berghei. The extract exhibited promis-
ing activity against both the early and established infec-
tion and achieved 75.8 and 72% chemo-suppression and 
increased the MST after administration. This is in support 
of this study where, the MST of the plant extract in 4-day 
suppressive test was 13.67 days with the highest doses 
(1000 mg/kg body weight/day). The MST rate was im-
proved when the dose level increased during the study 
periods.

Thus, the earlier reports on in vivo antimalarial ac-
tivity strongly support and corroborates with the present 
findings, i.e. the methanolic leaf extract of C. gigantea 
has promising in vivo antimalarial activity in P. berghei 
infected BALB/c experimental mice.

CONCLUSION

The present investigation revealed that, out of the nine 
extracts of the studied plant, C. gigantea, the methanolic 
leaf extract exhibited the most potent antimalarial activ-
ity against P. falciparum in vitro and against P. berghei in 
vivo. Moreover, these plant extracts exhibited no toxicity 
to THP-1 cell lines. Thus, the present work provides the 
scope of using these compounds for further therapeutic 
studies for new antimalarial drug formulations. More re-
search is needed to identify and characterize the potent 
molecules that suppress the malaria parasite for develop-
ment of new drug therapies in view of growing resistance 
to malaria.  
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