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Objective: To identify the larvicidal activity of the seaweed extracts. Methods: Seaweed extracts
of Enteromorpha intestinalis (E. intestinalis), Dictyota dichotoma (D. dichotoma) and Acanthopora
spicifera (A. spicifera) were dissolved in dimethylsulfoxide (DMSO) to prepare a graded series of
concentration. Batches of 25 early 4" instars larvae of Aedes aegypti were transferred to 250 mL
enamel bowl containing 199 mL of distilled water and 1 mL of plant extracts (0.01-0.1 mg). Each
experiment was conducted in three replicates. A control group consisted of 1 mL of DMSO and 99 mL
of distilled water only. After 24 h, the percentage of mortality was identified with the formula: % of
mortality=[(% of test mortality — % of control mortality) / (100 — % of control mortality)] X 100. Results:
The extract of D. dichotoma showed minimum level of LC,, value (0.0683+0.0084 1 g/ml) and LC,,
value was 0.1401. The regression equations of D. dichotoma and E. intestinalis for 4" instar larvae
were Y=0.333 + 0.684x (R’=0.946) and Y=0.600 + 0.781x (R’=0.812), respectively. The results of the
preliminary phytochemical constituents showed the presence of saponin, steroids, terpenoid,
phenols, protein and sugars. Conclusions: It can be concluded from the present study that, the
ethanolic extracts of seaweed of D. dichotoma possess active compounds for development of

Acanthopora spicifera larvicidal ativity.

1. Introduction

Mosquito borne diseases have an economic impact,
including loss in commercial and labor outputs, particularly
in countries with tropical and subtropical climates; however,
no part of the world is free from vector-borne diseasesl!l.
Mosquitoes are the most important single group of insects in
terms of public health importance, which transmit a number
of diseases, such as malaria, filariasis, dengue, Japanese
encephalitis, eic., causing millions of deaths every year.
Aedes aegypit (Ae. aegypti), a vector of dengue is widely
distributed in the tropical and subtropical zones. Dengue
fever incidence has increased fourfold since 1970 and nearly
half the world’s population is now at risk. Ae. ageypti is also
the vector of dengue hemorragic fever, which is endemic
to South East Asia, the Pacific islands area, Africa and the
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Americal?l. Indeed, the present recrudescence of these
diseases is due to the higher number of breeding places in
today’s throwaway society and also increasing resistance of
mosquitoes to current commercial insecticides. Although
yellow fever has been reasonably brought under control
with its vaccine, no vaccine is available for dengue. The
only way of decreasing the incidence of this disease is thus
the eradication of Ae. aegypii.

Experience has shown that, aerial toxicants for the
eradication of this mosquito are not effective, since it is
highly domesticated and many adults rest indoors in hidden
places such as closets. The only successful way of reducing
mosquito densities to a level where dengue fever epidemics
do not occur is by attacking the larval breeding placesi3l.
The ideal control method is thus the systematic treatment of
their breeding places through larvicidesi4l. Natural products
of plant origin with insecticidal properties have been tried
in the recent past for the control of variety of insect pests
and vectors. Plants are considered as a rich source of
bioactive chemicals(s] and they may be an alternative source
of mosquito control agents. Natural products are generally
preferred because of their less harmful nature to non—
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target organisms and due to their innate biodegradability.
Several seaweeds have shown a wide range of bioactive
propertiesl6-14l. In this connection, the present study was
made an attempt to find out the larvicidal efficacy of
ethanolic extracts of seaweeds i.e. Enteromorpha intestinalis
(E. intestinalis), Dictyota dichotoma (D. dichotoma) and
Acanthopora sprfera (A. spicifera) against dengue fever
vector Ae. aegypli.

2. Materials and methods
2.1. Plant materials

Fresh samples of E. intestinalis, D. dichotoma and A,
spzczfera were collected from Mandapam (Latitude 9
16' N and Longitude 79" 07" E) of South East coast of India
and were botanically authenticated by Dr. K Eswaran,
Scientist, Central Salt and Marine Chemical Research
Institute (CSMCRI), Mandapam Camp, Ramanathapuram
District, Tamil Nadu, India. A sample voucher specimen
was deposited in the herbarium facility and maintained
in the Department of Oceanography and Coastal Area
Studies, Alagappa University, Thondi Campus, Thondi,
Ramanathapuram District, Tamil Nadu, India sponsored
by Indian Council of Medical Research, New Delhi. All the
collected samples were washed thrice with tap water and
twice with distilled water to remove the adhering salts and
other associated animals.

2.2. Extract preparation

Shade dried seaweeds were subjected for percolation by
soaking in ethanol and water mixture (3:1). After 21 days of
dark incubation, the filtrate was concentrated separately
by rotary vacuum evaporation (>45 C) and then freeze—
dried (=80 C) to obtain solid residue. The percentage of
extraction was calculated by using the following formula:
% of extraction=weight of the extract / weight of the plant
material X 100. The extracts of seaweeds were further tested
for the presence of phytochemical constituents by following
the method of Sofowora and Kepami15.16].

2.3. Mosquito larval culture

To satisfy the enormous number of mosquitoes need for
the day to day bioassays, a colony is essential. The eggs and
egg rafts of Ae. aegypti were procured from Vector Control
Research Centre (VCRC), Puducherry, India. Filter paper
with attached eggs was dipped into a plastic tray containing
500 mL of dechlorinated water for 30—40 min, and time was
enough to allow for eggs to hatch into larvae. They were
reared indoors at (28+2) C temperature and 14:10 h light
and dark period cycle. The larvae were fed with powdered
mixture of dog biscuits and yeast powder in 3:1 ratio. Five

Table 1

Percentage of ethanolic extracts from seaweed species.
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days after emergence, female mosquitoes were moved into
a mosquito cage where the emergent adults were fed with a
109% sucrose solution and allowed to blood feed from white
mice for 2-3 h. A few days after having a blood meal, the
gravid mosquito laid their eggs.

2.4. Larvicidal activity

The larvicidal effect of ethanolic extracts of 3 seaweeds
species viz., E. intestinalis, D. dichotoma and A. spicifera
against Ae. aegyptt was conducted in accordance with
the WHO standard method(17]. Each seaweed extract was
dissolved in dlmethylsulfomde DMSO) to prepare a graded
series of concentration. Batches of 25 early 4" instar larvae
of Ae. aegypti were transferred to 250 mL enamel bowl
containing 199 mL of distilled water and 1 mL of plant
extracts (0.01-0.1 mg). Each experiment was conducted in
three replicates. A control group consisted of 1 mL of DMSO
and 99 mL of distilled water only. After treatment, symptoms
in treated larvae were observed and recorded immediately at
different time intervals and no food was offered to the larvae
at this time. The larvae were considered dead if, at the
end of 24 h, they showed no sign of swimmimg movements
even after gentle touching with a glass rod, as described
in the World Health Organization’s technical report series.
Subsequently, the lower concentration of crude extract that
had successfully produced more than 509 larval mortality
rate was used in a toxicity test on a non—target organism.
The percentage of mortality was calculated by using Abbott’s
formula: % of mortality=[(% of test mortality — % of control
mortality) / (100 — % of control mortality)] < 100.

2.5. Statistical analysis

The average larval mortality data were subjected to probit
analysis to calculate L.C,,, LCy, and 95% fiducial limits of
upper confidence limit (UCL) and lower confidence limit
(LCL), regression equation, Chi-square and analysis
variation values were calculated using the Stat plus 2009
software. Results with P<0.05 were considered to be
statistically significant.

3. Results

The percentage yields of extracts ranged from 1.51% to
5.01% (Table 1). It revealed that, D. dichotoma (5.01%) showed
maximum yield followed by E. intestinalis (2.06%). The
LC,, and LC,, values of the seaweeds extracts against Ae.
aegypti were listed in Table 2. The extract of D. dichotoma
showed minimum level of LC,, value (0.0683+0.0084 g/ml)
and LC,, value was 0.1401 +g/mL followed by extract of E.
intestinalis with 1.Cy, (0.0744+0.0086 *g/ml) and LC,, (0.1399
#g/ml) and A. spicifera did not showed any mortality. The
regression equations of D. dichotoma and E. intestinalis

Yield of extract

Botanical name Family Weight of plant part (g)

g %
E. intestinalis Ulvaceae 0.41 2.06
D. dichotoma Rhodomelaceae 6.71 5.01
A. spicifera Rhodomelaceae 0.94 1.51




Ravikumar S et al/Asian Pacific Journal of Tropical Biomedicine (2011)S143-S146 S145
Table 2
Larvicidal activity of ethanolic extracts of seaweed plants against Ae. aegypti.
Name of the species Parts LC,,(LCL-UCL) LC, Regression Equation R x>  P-value
E. intestinalis Whole plant  0.0744%-0.0086 (0.057 1-0.0916) 0.1399 Y=0.600 + 0.781x 0.812 4.3513 0.8241
D. dichotoma Whole plant  0.068370.0084 (0.0516-0.0849) 0.1401 Y=0.333 + 0.684x 0.946%  0.5688%  0.0480%
A. spicifera Whole plant No mortality

* Significant at P<0.05 level; LCL: Lower confidence level; UCL: Upper confidence level; ¥ *: Chi-square.

Table 3

Phytochemical constituents in seaweed species

Seaweeds plants

Alkaloids Carboxylic acid Coumarins Flavanoids Quinones Phenols Saponins Xanthoproteins Protein Resins Steroids Tannins Sugars

E. intestinalis - = - - _
D. dichotoma - - = - _
A. spicifera - - = - -

- + - + - - - +

- ++ - ++ - - - ++

—: Absent; +: Medium; ++: High.

for 4th instar larvae were Y=0.333 + 0.684x (R’=0.946)
and Y=0.600 + 0.781x (R° =0.812), respectively. The Chi-
square value was significant at P<0.05 level (Table 2). The
preliminary phytochemical study revealed that, the extracts
from seaweeds have variety of phytochemical constituents,
namely, saponin, steroids, terpenoid, phenols, protein and
sugars (Table 3).

4. Discussion

The marine environment is a incomparable reservoir of
bioactive natural products, many of which exhibit structural
features that have not been found in terrestrial natural
products[18l. Each year, an increasing number of novel
marine metabolites are reported in the literature, indicating
that the marine environment is likely to continue to be a
prolific sources of more natural products for many years
to come. Marine algae have been found to be vital source
of useful bioactive substances since two decades ago.
Several studies have demonstrated that, seaweeds are an
excellent source of components with biological activity such
as antibacterial(10.12.19.20], antifungall11.21.22], antivirall8.23],
anti—inflammatoryl24.25], cytotoxicl20.26], nematicidal(26.27],
antifeedant(26], larvicidali2el, phytotoxicl20] and anticoagulant
activities[28]. The studies on larvicidal activities with
seaweed extracts are too restricted29-32]; hence, the present
study was investigated with several seaweed extracts.
Among the seaweeds, D. dichotoma showed minimum LC,,
values when compared with other seaweeds species due
to the presence of polysaccharides|33-36l. Osman et all37]
demonstrated that, the post coital contraceptive activity
from a crude extract in marine red algae Gelidiella acerosa
is due to the presence of various phytochemical components
such as alkaloids, flavonoids, phenols, amino acid, steroids,
tannins and carbohydrates. Chapagain et all38] reported that,
saponins can also serve as natural larvicidal compounds.
Cetin et ali39] reported that, maximum larvicidal activity
was observed in the case of D. dichotoma which caused 50
percent mortality of the larvae of Anopheles stephensi and
Culex quingefasciatus at the concentartions of 22 and 34 ppm
and caused total mortality at 80 and 100 ppm. Ravikumar et
all13] reported that, the seaweed Chaetomorpha antennina
showed excellent in vitro and in vivo antiplasmodial activity.
The larvicidal activity of terrestrial plant extracts has been
reported by many workers. Among them, Pedalium muraxi4ol

and Cleome viscosel41] have been found promising against
Culex quinquefasciatus with the minimum LCy, of 23 and
10.7 ppm, respectively. Adhatoda speciesi40 and Eucalyptus
tereticornisi42] have been found most effective against
Anopheles stephenst with the minimum LC;, of 21.7 and 63
ppm, respectively. Our finding reveals that, the seaweed
extract of D. dichotoma is highly effective in causing
mortality of mosquito larvae with the minimum lethal
concentration. It is concluded from the present study that,
the seaweeds which were collected from South East coast
of India showed enormous potential for mosquito larvicidal
activities and would make it economical for field use in
mosquito control programme.
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