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Abstract. The ethanolic crude extract from Solanum xanthocarpum was investigated
for its molluscicidal activity against Biomphalaria glabrata, the snail vector of Schis-
tosoma mansoni, and Indoplanorbis exustus, the snail vector of intestinal
echinostomiasis and Schistosoma spindale, together with the larvicidal activity
against the larvae of Aedes aegypti, mosquito vector of dengue hemorrhagic fever
and Culex quinquefasciatus, the mosquito vector of urban bancroftian filariasis.  The
bioassays were carried out following the methods recommended by the World
Health Organization.  For molluscicidal activity, the LC50 against Bi. glabrata and I.
exustus were reported at 163.85 and 198.00 mg/l while the LC90 were 219.33 and
236.80 mg/l, respectively.  Regarding mosquito larvicidal activity, the LC50 against
the larvae of Ae. aegypti and Cx. quinquefasciatus were 788.10 and 573.20 mg/l, while
the LC90 were 1,288.91 and 1,066.93 mg/l, respectively. These results suggest a prepa-
ration of ingredients from this plant may be used as a biological larvicide for these
vectors in the field.
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INTRODUCTION

Mosquito and snail-borne diseases are
among the most common causes of illness
and death in tropical and subtropical coun-
tries, and to a lesser extent in temperate
countries.  These diseases include malaria,

lymphatic filariasis, dengue/dengue hem-
orrhagic fever and schistosomiasis (WHO,
1997).  Chemical measures to control mos-
quito populations were initially consid-
ered in most public health programs.
However, these have failed because con-
stant use of chemical insecticides has of-
ten led to disruption of natural biological
control systems and outbreaks of insect
species.  Moreover, problems created by
using synthetic insecticides include devel-
opment of mosquito resistance, environ-
mental pollution and undesirable effects
on humans, mammals, and other non-tar-
get organisms (Brown, 1986; Lee et al,
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2001).  In an attempt to resolve these prob-
lems, attention to insecticides of natural
origin, particularly plant derived prod-
ucts, has been recently preferred. A con-
siderable number of studies have empha-
sized the research and development of
herbal pesticides for controlling mosqui-
toes (Sukumar et al, 1991; Tsao et al, 2002;
Jeyabalan et al, 2003).  For snail control,
economic and ecological considerations
increasingly favor the use of molluscicides
that are selectively active, biodegradable,
inexpensive, and readily available in ef-
fected areas.  The high cost of imported
synthetic compounds, along with increas-
ing concern over the possible buildup of
snail resistance to these compounds and
their toxicity to non-target organisms, has
given new impetus to the study of plant
molluscicides (Kloos and McCullough,
1987).  Several plants, such as Tetraplura
tetraptera (Adewunmi, 1991), the well stud-
ied Phytolacca dodecandra (Endod) (Lemma,
1970) and Swartzia madagascariensis (Sarda
et al, 1986), have already been identified
as potentially useful in control of the in-
termediate hosts of schistosomes.

Solanum xanthocarpum (family
Solanacea) is an indigenous herb that grows
abundantly in Thailand.  It is known in Thai
as “Makhua Khurn”. The plant has been
used traditionally for curing various
ailmants (Ghani, 1998; Govindan et al, 1999)
and extracts of various parts have been
used as a larvicide (Singh and Bansal, 2003;
Mohan et al, 2005) and molluscicide (Wei et
al, 2002; Li et al, 2005).  This plant is known
to produce a great variety of alkaloids in
the from of glycoalkaloids, which are im-
portant natural resistance agents to several
pests (Wink, 1998).  WHO guidelines were
used to assess the toxicity of crude ethanol
extracts of Solanum xanthocarpum fruit on
the snail intermediate hosts of human and
animal schistosomes, Biomphalaria glabrata

and Indoplanorbis exustus (WHO, 1965) and
on the larvae of Aedes aegypti and Culex
quinquefasciatus (WHO, 2005).

MATERIALS AND METHODS

Snails and mosquitoes
In this study, Biomphalaria glabrata

snails were obtained from the Applied
Malacology Center, Department of Social
and Environmental Medicine, Faculty of
Tropical Medicine, Mahidol University.
Indoplanorbis exustus snails were collected
from the field and acclimatized to the tem-
perature (25-27ºC) and humidity (75±5%)
of the laboratory for 10 days in the Mala-
cology Laboratory, Department of Social
and Environmental Medicine, Faculty of
Tropical Medicine, Mahidol University
before being used in the toxicity test.

Aedes aegypti and Culex quinquefasciatus
were raised in the insectarium of the De-
partment of Medical Entomology, Faculty
of Tropical Medicine, Mahidol University.

Alcoholic plant extracts
Solanum xanthocarpum was home

grown and free from pesticides.   The spe-
cies was confirmed by the Department of
Pharmaceutical Botany, Faculty of Phar-
macy, Mahidol University.  Mature unripe
Solanum fruits were washed with tap wa-
ter, cut into small pieces and left to dry in
a shaded place.  After the plant was com-
pletely dried, it was grounded into pow-
der using an electric blender.  Dried and
powdered plant material (250 g) was mac-
erated in 95% ethanol at room tempera-
ture (25-27ºC) for 3 days. The crude extract
was separated with a filtrating suction
using  No.1 Whatman filter paper. The fil-
trate was dried with  a rotary evaporator
at 45ºC until the solvent was completely
evaporated. The ethanolic extract obtained
was refrigerated at -20ºC until testing.



SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

322 Vol  41  No. 2  March  2010

Molluscicidal activity test
Evaluation of molluscicidal activity of

the plant extract against adult snails was
done as recommended by the World
Health Organization (1965) and modified
by Duncan and Sturrock (1987).  Ten adult
snails were placed in a plastic cup, con-
taining 200 ml of dechlorinated tap water
and molluscicide to give a final concen-
tration of 125, 150, 175, 200, 225 and 250
ppm.  Each experiment was repeated in
triplicate.  Controls were prepared using
the same concentration of solvent in wa-
ter.  Snails were exposed to the mollusci-
cide suspension for 24 hours at room tem-
perature (25-27ºC) and kept under normal
diurnal lighting.  After 24 hours, the sus-
pension was decanted; the snails were
rinsed twice with dechlorinated tap wa-
ter and transferred to a new container
filled with dechlorinated tap water.  The
numbers of dead and alive snails were re-
corded at 48 hours. Snails were considered
dead if they did not move and were either
retracted well into or hanging out of the
shell, with discolored body and shell.
Dead snails were removed as soon as pos-
sible.
Larvicidal activity test

Evaluation of the plant extract against
Ae. aegypti and Cx. quinquefasciatus larvae
was performed according to World Health
Organization guidelines (WHO, 2005).
Batches of 25 late third or early fourth in-
star larvae were transferred by means of
strainers and droppers to disposable test
cups, each containing 100 ml of water.
Small, unhealthy or damaged larvae were
removed and replaced.  One mililiter of
extract was added to a test cup and water
added to give a total volume of 100 ml. Four
replicates were carried out for each concen-
tration and an equal number of replicates
using controls were performed simulta-
neously with dechlorinated tap water, to

which 1 ml ethyl alcohol was added.  Each
test was run three times on different days.

Twenty-four hours after exposure, lar-
val mortality was recorded.  Moribund
larvae were counted and added to dead
larvae for calculating percentage mortal-
ity.  Dead larvae were those that could not
be induced to move when they were
probed with a needle in the siphon or cer-
vical region.  Moribund larvae were those
incapable of rising to the surface or not
showing the characteristic diving reaction
when the water was disturbed.

Data analysis
Larvae that pupated during the test

period were negated from the test.  If more
than 10% of control larvae pupated dur-
ing the course of the experiment, the test
was discarded and repeated.  If the con-
trol mortality was between 5% and 20%,
the mortalities of  the treated groups were
corrected according to Abbott’s formula
(Abbott, 1925).

% test mortality -% control
mortality

% M = ––––––––––––––––––––––– x 100
100 - % control mortality

The dose mortality was analyzed us-
ing a computerized log-probit analysis
(Finney, 1971).  Ninety-five percent confi-
dence limits (CL) at lethal concentrations
of 50% and 90% (LD50 and LD90) were cal-
culated.

RESULTS

Molluscicidal activity
The bioefficacy of Solanum xantho-

carpum against Biomphalaria glabrata and
Indoplanorbis exustus is shown in Table 1.
The LC50 and LC90 of ethanolic extract
against Bi. glabrata 24 hours and 48 hours
after exposure were 163.85 and 219.33
ppm, whereas those against I.  exustus were
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198.00 and 236.80 ppm, respectively.

Larvicidal activity
The effect of S. xanthocarpum against

the larvae of Aedes aegypti and Culex
quinquefasciatus is shown in Table 2.
Twenty-four hours after exposure, the LC50
and LC90 against Ae. aegypti larvae were
788.10 and 1,288.91 ppm, respectively
whereas an LC50 and LC90 of 573.20 and
1,066.93 ppm, respectively, were obtained
against Cx. quinquefasciatus.  When the ex-
posure time was increased to 48 hours, the
LC50 and LC90 were 731.06 and 1,165.83
ppm against the larvae of Ae. aegypti and
503.60 and 979.79 ppm against the larvae
of Cx. quinquefasciatus, respectively.

DISCUSSION

The findings of this evaluation of the
molluscicidal properties of Solanum

xanthocarpum against Biomphalaria glabrata
and Indoplanorbis exustus are in accordance
with the study of Wei et al (2002) who used
95% ethanol for extraction and then puri-
fied the product with 1% acetic acid, 5%
ammonia and ethyl acetate.  The results
from their study also showed a significant
effect of the plant extract on Oncomelania
hupensis, Bi. glabrata and Lymnaea stagnalis
snails with LC50 values after 24 hours of
0.62, 1.35 and 1.25 mg/l, respectively.  They
found this plant was a promising mollus-
cicide.  A comparison was made between
the molluscicidal activity of the crude
ethanolic extract of the plant tested and the
specific active ingredient from Wei’s study.
The results show the crude ethanolic ex-
tract was 264.3 time less effective than the
specific active ingredient when testing the
LC50 levels against Bi. glabrata. S.
xanthocarpum’s molluscicidal activity was

Snail species Time (in hours)
LC50 95%CL LC90 95% CL

Bi. glabrata 24 163.85 154.46-172.81 219.33 203.58-247.36
I. exustus 24 198.00 190.57-205.39 236.80 225.74-254.58

Table 1
LC50 and LC90 with 24 hours of exposure of Biomphalaria glabrata and Indoplanorbis

exustus to Solanum xanthocarpum.

Lethal concentration (ppm)

Table 2
LC50 and LC90 with 24 and 48 hours of exposure of the larvae of Aedes aegypti and

Culex quinquefasciatus to Solanum xanthocarpum.

Lethal concentration (ppm)
Mosquito species Time (h)

LC50 95%CL LC90 95% CL

Ae. aegypti 24 788.10 710.73-873.58 1,288.91 1,094.88-1,524.86
48 731.06 641.13-833.31 1,165.83     958.72-1,421.34

Cx. quinquefasciatus 24 573.20 481.02-682.81 1,066.93     793.19-1,439.64
48 503.60 428.53-591.34 979.79    765.21-1,259.52
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seen in a study by Li et al (2005) who used
95% ethanol as a solvent for extraction and
then further purified the active compo-
nent.  Solamagine, the active component,
showed an excellent capability in killing
Oncomelania snails.  According to Mott
(1987) for a plant to be considered as a
molluscicide, the crude extract of the plant
should be active at a concentration ≤100
mg/l killing 90% of the snails after 24 hours
exposure. The results of our study showed
the test solution caused 90% snail mortal-
ity after 24 hours exposure at concentra-
tions of 219.33 and 236.80 mg/l for Bi.
glabrata and I. exustus, respectively.  These
solutions are well above the concentration
of  100 mg/l, indicating the ethanolic ex-
tract in this study has a low potency as a
molluscicide and may fail in snail control.

S. xanthocarpum had larvicidal activity
against the larvae of Ae. aegypti and Cx.
quinquefasciatus.  This is similar to the find-
ings of Singh and Bansal (2003) who inves-
tigated the larvicidal activity of S.
xanthocarpum crude extract against the
mosquito larvae of malaria and dengue
vectors.  They found larvicidal activity
against Anopheles culicifacies, An. stephensi
and Ae. aegypti.  They also described the
different degrees of toxicity of the crude
extracts from different parts of the plant.
The LC90 results of fruit extract against An.
culicifacies, An. stephensi and Ae. aegypti were
0.258 (2,580 mg/l), 0.289 (2,890 mg/l) and
0.218% (2,180 mg/l), respectively, whereas
the root extract gave results of 3.237 (32,370
mg/l), 2.789 (27,890 mg/l) and 3.581%
(35,810 mg/l), respectively.  Our findings are
aslo in accordance with Mohan et al (2005)
who studied the crude extracts of S.
xanthocarpum against An. stephensi and Cx.
quinquefasciatus.  They found different sol-
vents used during extraction resulted in
different levels of larvicidal activity.  Spe-
cies susceptibility was described by Bansal

and Singh (2005) who exposed the larvae
of An. culicifacies, An. stephensi, Ae. aegypti
and Cx. quinquefasciatus to the methanolic
fruit extract of  S. xanthocarpum and found
the larvae of An. culicifacies were 1.01, 2.29
and 3.04 times more susceptible than the
larvae of An. stephensi, Ae. aegypti and Cx.
quinquefasciatus, respectively the LC50 and
LC90 by 48 hours of exposure were lower
than at 24 hours of exposure.  This implies
the tested plants are more potent after 48
hours exposure (Lapcharoen et al, 2005).

This investigation suggests the active
ingredient of the plant extract responsible
for causing mortality in snails and mos-
quito larvae should be identified and
evaluated to avoid causing toxic effects to
non-target organisms.  It may be prepared
as a commercial product for vector con-
trol.

ACKNOWLEDGEMENTS

The authors would like to thank the
staff of the Insecticide Research Unit, De-
partment of Medical Entomology and the
staff of the Malacology Laboratory, De-
partment of Social and Environmental
Medicine, Faculty of Tropical Medicine,
Mahidol University, for their guidance, co-
operation and generous assistance with
this research.

REFERENCES

Abbott WS. A method for computing the ef-
fectiveness of an insecticide. J Econ
Entomol 1925; 18: 265-7.

Adewunmi CO. Plant molluscicides: potential
of aridan, Tetrapleura tetraptera,  for schis-
tosomiasis control in Nigeria. Sci Total
Environ 1991; 102: 21-33.

Bansal SK, Singh KV. Determination of larvi-
cidal potential of active principle(s) of
Solanum xanthocarpum against important
mosquito vectors. Annual Report of



EFFECT OF S. XANTHOCARPUM AGAINST SNAILS AND MOSQUITO LARVAE

Vol  41  No. 2  March  2010 325

Desert Medicine Research Centre 2005: 33-
7.

Brown AW.  Insecticide resistance in mosqui-
toes: pragmatic review. J Am Mosq Con-
trol Assoc 1986; 2: 123-40.

Duncan J, Sturrock RF. Laboratory evaluation
of potential plant molluscicides. In: Mott
KE, ed. Plant molluscicides. New York:
John Wiley & Sons, 1987: 251-65.

Finney DJ. Probit analysis. Cambridge: Cam-
bridge University Press, 1971.

Ghani A. Medicinal plants of Bangladesh:
chemical constituents and uses. Dhaka:
Asiatic Society of Bangladesh, 1998.

Govindan S, Viswanathan S, Vijayasekaran V,
Alagappan R. A pilot study on the clini-
cal efficacy of Solanum xanthocarpum and
Solanum trilobatum in bronchial asthma. J
Ethnopharmacol 1999; 66: 205-10.

Jeyabalan D, Arul N, Thangamathi P. Studies
on effects of Pelargonium citrosa leaf ex-
tracts on malarial vector, Anopheles
stephensi Liston. Biores Technol 2003; 89:
185-9.

Kloos H, McCullough FS. Plants with recog-
nized molluscicidal activity.  In: Mott KE,
ed. Plant molluscicides. New York: John
Wiley & Sons, 1987: 45-108.

Lapcharoen P, Apiwathnasorn C, Komalamisra
N, Dekumyoy P, Palakul K, Rongsriyam
Y.  Three indigenous Thai medicinal
plants for control of Aedes aegypti and
Culex quinquefasciatus.  Southeast Asian J
Trop Med Public Health 2005; 36: 167-75.

Lee SE, Kim JE, Lee HS. Insecticide resistance
in increasing interest. Agric Chem
Biotechnol 2001; 44: 105- 12.

Lemma A. Laboratory and field evaluation of
the molluscicidal properties of Phytolacca
dodecandra. Bull WHO 1970; 42: 597-612.

Li Z, Cheng X, Wang CJ, Li GL, Xia SZ, Wei
FH. Purification of the effective compo-
nent from Solanum xanthocarpum and its

effect against Oncomelania snails.
Zhongguo Ji Sheng Chong Xue Yu Ji Sheng
Chong Bing Za Zhi 2005; 30: 206-8.

Mohan L, Sharma P, Srivastava CN. Evalua-
tion of Solanum xanthocarpum extracts as
mosquito larvicides. J Environ Biol 2005;
26 (suppl 2): 399-401.

Mott KE. Plant molluscicides. New York: John
Wiley & Sons, 1987.

Sarda RK, Chhabra SC, Minjas JN. Laboratory
observations on the molluscicidal prop-
erties of Swartzia madagascariensis. J
Ethnopharmacol 1986; 15: 211-3.

Singh KV, Bansal SK. Larvicidal properties of
a perennial herb Solanum xanthocarpum
against vectors of malaria and dengue/
DHF. Curr Sci 2003; 84: 749-51.

Sukumar K, Perich MJ, Boombar LR. Botani-
cal derivatives in mosquito control: A re-
view. J Am Mosq Control Assoc 1991; 7: 210-
37.

Tsao R, Romanchuk FE, Peterson C. Plant
growth regulatory effect and insecticidal
activity of extracts of tree of Heaven (Ail-
anthus altissima L.). BMC Ecol 2002; 2: 1-8.

Wei FH, Xu XJ, Liu JB, Dai YH, Dussart G,
Trigwell J. Toxicology of a potential mol-
luscicide derived from the plant Solanum-
xanthocarpum: a preliminary study. Ann
Trop Med Parasitol 2002; 96: 325-31.

World Health Organization (WHO). Mollusci-
cide screening and evaluation.  Bull WHO
1965; 33: 567-81.

World Health Organization (WHO). Vector
control: methods for use by individuals
and communities. Geneva: WHO, 1997.

World Health Organization (WHO). Guidelines
for laboratory and field testing of mosquito
larvicides. WHO/CDS/WHOPES/GCDPP/
2005.13. 2005.

Wink M. Alkaloids: Chemical ecology of alka-
loids. New York: Plenum Press, 1998: 265-
300.


