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ABSTRACT

Malaria is the worldwide most important parasitic disease with an incidence of almost 300 millions clinical
cases and over one million deaths per year. The increasing global spread of drug resistance to most of the
available and affordable antimalarial drugs is a major concern and requires innovative strategies to combat and
there is an increasing demand for active compounds with a new mode of action to replace the current
ineffective drugs. In the present in vivo study, different extracts of Cocculus hirsutus, Cassia occidentalis and
Datura metel were tested for the antiplasmodial activity against the Malarial parasite, Plasmodium berghei and
showed significant inhibition of parasitemia after the post infection period. Among the different solvent extracts
methanolic extract of Datura metel showed greater percentage of parasitemia inhibition and mice survival.
Laboratory studies were also made to evaluate antivectoral activity of Cocculus hirsutus, Cassia occidentalis
and Datura metel against the malarial vector, A. stephensi. The immature stages of the mosquito were much
susceptible against the methanolic extracts of C. hirsutus. Lethal Concentrations (LC50 and LC90) were
calculated using the percentage mortality rate. The active chemicals in Cocculus hirsutus, Cassia occidentalis
and Datura metel were proved to be much effective against the malarial parasites and vectors. 
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Introduction 

Malaria remains one of the most serious tropical
diseases, as it affects about 500 million people and
kills more than 2.5 million annually and India reports
1.48 million malarial cases and about 1,173 deaths
annualy [25,5]. Mosquitoes are both aggravating pests
and disease-carrying insects that surround us for
blood feeding. Among the Anopheles species,
Anopheles stephensi is recognized as a major vector
of urban malaria in India [16]. Anopheles stephensi
Liston (Diptera: Culicidae), a major malaria vector,
breeds in wells, overhead or ground level water
tanks, cisterns, coolers, roof gulters and artificial
containers [8].

Synthetic drugs and chemical insecticides to
control malaria and mosquitoes were favored so far.
Parasites and mosquitoes grow resistant to the
synthetic drugs and pesticides. The synthetic drugs
and pesticides are also non-selective and harmful to
other beneficial organisms. Some of the drugs and
insecticides are carcinogenic agents and are positively
dangerous and even carried through food chain in
turn affect the non-target organism. Therefore
alternative pest control strategies, especially effective
and low cost are thus needed.  Research on plant
materials with medicinal and anti-larval properties
has attracted considerably [11].
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Cocculus hirsutus L. (Family – Menispermaceae),
known as Broom creeper is found in moderate
regions of India and commonly found in Tamil Nadu.
Traditionally people used the roots for the treatment
of tuberculosis, leprosy, laxative, aphrodisiac, skin
disease, antipyretic and leaves in malaria, gonorrhea,
eczema, opthalmia, and leucorrhoea [24]. The active
principle present in Cocculus hirsutus are alkaloids
(cohirisine, cohiristinine, hirustine, haiderine,
syringasesinol, isotriboline, triboline, jamtinine),
sitosterol and gineol [1,2].

Cassia occidentalis Linn. of family
Caesalpiniaceae is a common weed scattered from
foothills of Himalayas to West Bengal, South India,
Burma, and Sri Lanka. The parts used are roots,
leaves and seeds. It is used for fever, menstrual
problems, tuberculosis, diuretic anemic, liver
complaints, and as a tonic for general weakness and
illness [12]. A wide range of chemical constituents
isolated from C. occidentalis including sennoside,
anthraquinone glycoside, [15] fatty oils, flavonoid
glycosides, galactomannan, polysaccharides, and
tannins [13].

Datura metel L. (Solanaceae) is the widespread
species of the genus Datura, contains mainly atropine
with a small amount of alkaloids such as
hyoscyamine, scopolamine, anisodamine, and
anisodine. The D. metel plant has been well known
for its use in traditional Indian and Chinese systems
of medicine for centuries as a narcotic, anodyne,
cough, asthma, convulsion and antispasmodic [20].

Hence, the present study aim to evaluate the
effect of methanolic extracts of Cocculus hirsutus,
Cassia occidentalis and Datura metel against the
malarial parasites, Plasmodium berghei and malarial
vector, Anopheles stephensi. 

Materials and Methods

Collection of plant materials and preparation of
extract:

The Leaves of the Cocculus hirsutus, Cassia
occidentalis and Datura metel were collected from
Maruthamalai hills, Bharathiar University campus and
from Nilgiris, Tamilnadu, India. The specimen
identification was confirmed by the Botanical Survey
of India, Tamil Nadu Agricultural University
Campus, Coimbatore, India.

250g of fresh, mature leaves were rinsed with
distilled water and dried in a shade. The dried leaves
were powdered with an electric blender and were put
in a Soxhlet apparatus and extracts were prepared by
using solvent acetone, ethanol and methanol (24h,
60oC). The filtrate was evaporated to dryness in
rotary vacuum evaporator and the dried residues are

obtained and stored at 4oC. Extracts were conditioned
in tube microplates at a concentration of 10mg/mL in
dimethyl sulphoxide and stored at -20oC.

Biological assays:

Experimental mice:

For in vivo antimalarial assays of plant extracts
a CQ-tolerant P. berghei (strain NK65), a rodent
malaria parasite, was used. The blood stage CQ-
tolerant induced parasite was maintained at the
parasitic bank of Department of Zoology, Bharathiar
University, Coimbatore, India. Donor mouse for the
experimental mice, having 0– 15% parasitemia, was
sacrificed and bled by cardiac puncture. The
parasitemia was adjusted downward using
physiological saline, and each of the experimental
Swiss albino 7-week-old mice weighing about 32 g
was inoculated intraperitoneally with approximately
105 parasitized erythrocytes in volumes of 0.2mL
[10]. The infected animals were divided into groups,
each group consisting of five animals per cage, and
maintained in an animal care facility with
commercialized diet and water ad libitum. 

In vivo antimalarial assay:

For screening of the plant extracts, the 4-day
suppressive method of Peters et al. [19] was used.
Within 3 h post-inoculation of mice with the parasite
(i.e., on day 0), treatment of the experimental groups
was initiated by oral administration of the test
extract, dissolved in an aqueous solution of 0.2%
dimethyl sulphoxide (v/v) and diluted to a desired
final volume with saline, at a dose of 500mg/kg body
weight and treatment was done twice a day (at 8-h
interval) for 4 days, up to day 3 post-infection. A
positive control group that received CQ at a dose of
20mg/kg body weight once a day for 2 days, as well
as an untreated control group that received saline
alone, was also included. All the extracts were tested
in parallel in five independent repetitions. Twenty-
four hours after the last treatment (i.e., on day 4
post-infection), parasitemia of individual mouse was
determined by microscopic examination of Giemsa-
stained thin blood smears prepared from mouse tail
blood. In vivo antimalarial activity of the test drugs
was assessed by monitoring mouse survival and
parasitemia for over a 30-day period. 

Percentage suppression of parasitemia for the
plant extracts was calculated from the following
formula [6] 

100-[(mean parasitemia treated/mean parasitemia
control) x100]. 
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Larval/Pupal toxicity test using Plant extracts:

Laboratory colonies of mosquito larvae were
used for the larvicidal activity. Twenty-five numbers
of larvae were introduce into 500 ml glass beaker
containing 249 ml of de-chlorinated water and 1ml of
desired concentrations of plant extract. Larval food

was given for the test larvae. At each tested
concentration 2 to 5 trials were made and each trial
consisted of three replicates. The larvae exposed to
de-chlorinated water without plant extracts and
methanol served as control. The control mortalities
were corrected by using Abbott's formula (Abbott's,
1925).

Observed  mortality in treatment - Observed mortality in control
Corrected  mortality 100

100 - Control mortality
 

Number of dead larvae
Percentage mortality 100

Number of larvae introduced 
 

Statistical analysis:

The observed data were subject to statistical
analysis. The SPSS software package (Version, 13.0)
was computing all the data including probit analysis,
ANOVA, correlation co-efficient,  lethal
concentrations (LC50 and LC90) and mean of the
sample. Means were compared at P = 0.05
significance level.  

Results and Discussion

Table 1 shows the percentage of parasitemia
inhibition in mice on day 4 post-infection and the
survivability of mice on day 12 post-infection.
Among the selected plants the extracts of Datura
metel was much effective on the malarial parasite, P.
berghei showing significant parasitemia inhibitions
ranging from 84% to 92% followed by Cocculus
hirsutus (59% to 68%) and Cassia occidentalis (16%
to 29%). From different solvent extractions methanol
(29%, 68% and 92%) extract showed the highest
inhibitory effect followed by ethanol (22%, 62% and
87%) and acetone (2%, 31% and 52%) in Datura
metel, Cocculus hirsutus and Cassia occidentalis
respectively.

Table 2 provides the effect of methanolic
extracts of Cocculus hirsutus at different
concentrations on the mortality and toxicity of larval
instars and pupae of malarial vector, Anopheles
stephensi.  Significant mortality rate was observed
after the treatment of plant extracts when compared
to the control. Maximum mortality was noted in the
first three larval instars of Anopheles stephensi at 10
ppm concentration, whereas the 4th instar and puape
recorded 97% and 90% mortality at 10 ppm
concentration respectively. Lowest mortality rate
(18%) was observed in 4th instar at 2 ppm
concentration. LC50 and LC90 values were calculated
using the observed mortality and LC50 values for
methanolic extracts of Cocculus hirsutus are 4.29
ppm, 4.66 ppm, 5.02 ppm, 5.65 ppm, 4.60 ppm and

LC90 values are 8.80 ppm, 9.12 ppm, 9.46  ppm,
10.21 ppm and 10.66 ppm for I, II, III, IV larval
instars and pupae respectively. 

Larvicidal and pupicidal effect of methanolic
extracts of Datura metel at different concentrations (2
ppm, 4 ppm, 6 ppm, 8 ppm and 10 ppm) on larval
instars and pupae of malarial vector, Anopheles
stephensi is given in table 3.  The observed mortality
rate is 84% and 81% in I and II instar larvae and
reduced to 78%, 73% and 26% in III, IV instar
larvae and pupae respectively at 10 ppm
concentration. The acquired LC50 values are 5.48
ppm, 5.89 ppm, 6.43 ppm and 6.85 ppm for I to IV
instar larvae respectively whereas, it was been
increased to 23.87 ppm for pupae. 

Table 4, illustrates the larval (I to IV) and pupal
mortality data of malarial vector, Anopheles stephensi
after the treatment of methanolic extracts of Cassia
occidentalis at different concentrations. The observed
mortality range was between 4% to 86% in larvae
and pupae of malarial vector, Anopheles stephensi at
different concentration (2 ppm to 10 ppm). The
observed mortality rate was greatly reduced in late
instar larvae and pupae. Pupae showed high
resistance over Cassia occidentalis with low
mortality, 4%, 7%, 11%, 19% and 24% at 2 ppm, 4
ppm, 6 ppm, 8 ppm and 10 ppm respectively. LC50

values of I, II, III and IV instar larva were 5.38
ppm, 5.97 ppm, 6.35 ppm and 7.02 ppm respectively
and for pupae was 24.69 ppm.

Discussion:

The present study aim to investigate the potential
antimalarial properties of Datura metel, Cocculus
hirsutus and Cassia occidentalis. In this work we
evaluated the in vivo antiplasmodial activity of
solvent extracts of the above said plants. The
methanolic extracts of Datura metel, Cocculus
hirsutus and Cassia occidentalis were much effective
when compared with ethanol and acetone extracts. As
a support to the present study Kuppusamy and
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Murugan [14] reported 70% parasitemia suppressions
from the methanolic extracts of 12 medicinal plants
from India. When comparison made between the 3
plants, extracts of Datura metel showed greater
inhibitory efficacy. The methanolic extract of Datura
metel showed a remarkable in vivo parasitemia
suppression of 92%, which can be compared with the
antiplasmodial activities of Vernonia lasiopus, which
showed the highest in vitro inhibition of parasitic
growth, with IC50 values as low as 1.0 mg/mL, and
remarkable in vivo parasitemia suppression of 59.3%
with mouse survival rates of 60% on day 4
postinfection when using its root bark extracts [17].

Mosquitoes breed in varied habitats such as
ponds, marshes, ditches, pools, drains, water
containers and other similar water collections [21].
Few genera of mosquitoes such as Anopheles, Culex
and Aedes are major vectors of human diseases such
as malaria, filariasis and viral diseases like Japanese
encephalitis, dengue, dengue haemorrhagic fever,
yellow fever, chikungunya, etc. The increase in
mosquito vectors and incidence of mosquito-borne
diseases such as malaria, dengue, and chikungunya is
rising in India due to climate change and water
contamination. Unclean water bodies acts as
temporary and permanent breeding sites of
mosquitoes, which intends to spread mosquito born
diseases along with cholera, dysentery, typhoid etc.

Understanding the ecology of mosquitoes and the
mechanism of disease management was a prerequisite
before adopting any type of control. In general, the
population of vector species must be of sufficient
size in order to continue the transmission of vector
born diseases. If the population of vector fell below
a critical density, the transmission of these diseases
will not be very effective.

Effective mosquito control is often a complex,
expensive task, frequently requiring the cooperative
efforts of communities as well as such groups as
industry, agriculture, state and local governments. We
must concern harmful effects of synthetic pesticides
on the environment and living beings and reports
have emerged the resurgence of several mosquito
borne diseases in world as a consequence of the
increasing resistance of mosquitoes to commercial
insecticides [3]. This has necessitated the need for a
research and development of environmentally safe,
biodegradable indigenous method for vector control.
Many herbal products have been used as natural
insecticides before the discovery of synthetic organic
insecticides [9]. Plant allelochemicals may be quite
useful in increasing the efficacy of biological control
agents because plants produce a large variety of
compounds that increase their resistance to insect
attack [4,18,22].

Table 1: In vivo efficacy of the Acetone, Ethanol and Methanol extracts of Cassia occidentalis,  Cocculus hirsutus and Datura metel
on P. berghei infected mice.

Plant species Solvent extract % inhibition on day 4 % survival on day 12
Cassia occidentalis Acetone 16±1.3 2

Ethanol 22±2.7 7
Methanol 29±2.3 16

Cocculus hirsutus Acetone 59±2.7* 31
Ethanol 62±3.1* 32
Methanol 68±1.9* 36

Datura metel Acetone 84±2.3* 52
Ethanol 87±1.6* 58
Methanol 92±3.4* 61

*Significant at p<0.05.

Table 2: Larval and pupal toxicity effect of methanolic extract of Cocculus hirsutus on malarial vector, Anopheles stephensi.
Larval and pupal stages % of larval and pupal mortality LC50 LC90

-----------------------------------------------------------------------------------
Concentration(ppm)

------------------------------------------------------------------------------------------------------------------------------------------------
2 4 6 8 10

I 30 48 60 82 100 4.29 8.80
II 26 45 56 78 100 4.66 9.12
III 24 40 52 74 100 5.02 9.46
IV 18 36 46 66 97 5.65 10.21
Pupae 30 48 56 75 90 4.60 10.66

Table 3: Larval and pupal toxicity effect of methanolic extract of Datura metel on malarial vector, Anopheles stephensi.
Larval and pupal stages % of larval and pupal mortality LC50 LC90 

-------------------------------------------------------------------------------------------------
Concentration(ppm)

--------------------------------------------------------------------------------------------------
2 4 6 8 10

I 23 38 51 73 84 5.48 11.32
II 20 35 48 70 81 5.89 11.77
III 18 31 46 66 78 6.43 11.92
IV 15 28 41 63 73 6.85 12.93
Pupal 3 9 14 19 26 14.45 23.87
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Table 4: Larval and pupal toxicity effect of methanolic extract of Cassia occidentalis on malarial vector, Anopheles stephensi.
Larval and pupal stages % of larval and pupal mortality LC50 LC90 

--------------------------------------------------------------------------------------------------
Concentration(ppm)

--------------------------------------------------------------------------------------------------
2 4 6 8 10

I 22 40 54 71 86 5.38 11.09
II 17 36 47 68 83 5.97 11.53
III 15 33 44 65 80 6.35 11.96
IV 11 30 39 62 77 7.02 12.03
Pupal 4 7 11 19 24 15.06 24.69

In the present study methanolic extract of
Cocculus hirsutus, Datura metel and Cassia
occidentalis were significantly effective against the
malarial vector, Anopheles stephensi. As an exception
the pupal mortality recorded from Datura metel and
Cassia occidentalis were not significant (p>0.05). 

The insecticidal activity present in methanolic
leaf extracts of Cocculus hirsutus, Datura metel and
Cassia occidentalis shown in the present study
suggests that it can be applied as larvicidal and
pupicidal agents in small volume directly to the
breeding sties of mosquitoes in and around human
habitats. The maximum mortality obtained in all the
three species may be due to the presence of active
chemical compounds, which affect the gut system
and arrest the metabolic activities of mosquito larvae.
100% mortality obtained in higher concentration may
be due to the excessive amount of active compounds
and oxygen depletion in the breeding sties caused by
increase in turbidity in higher concentration. The
non-significant mortality in pupae may be due the
non-feeding behavior of pupae, which avoids the
penetration of active chemicals into the gut systems.
Reports of Thomas et al. [23] were very much
supportive to the present study stating that the
essential oil of Ipomoea cairica Linn. possesses
remarkable larvicidal properties as it produce 100%
mortality in larvae of Culex tritaeniorhynchus, Ae.
aegypti, An. stephensi and Cx. quinquefasciatus at
concentrations ranging from 100 to 170 ppm [23].

Conclusion:

From the present investigation we conclude that
the malarial parasite, P. berghei is much susceptible
to methanolic extracts of Datura metel followed by
Cocullus hirsutus and Cassia occidentalis and further
suggested for preparation of drugs in low dosed.
Results from antivectorial activity states that
methanolic extract of Cocullus hirsutus is much
effective followed by Datura metel and Cassia
occidentalis.
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