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In search for new plant molluscicides that could be used to control schistosomiasis, the ethanolic and
aqueous extracts of five medicinal plants: Ginkgo biloba, Torreya grandis, Ailanthus altissima,
Peucedanum praerutorum and Herba agrimoniae from China were obtained to evaluate their
molluscicidal activity against the snhail Oncomelania hupensis. In all of the plant extracts, only the
ethanolic extract of fallen leaf from G. biloba showed the highest toxicity on the snails within 48 h
exposure. The petroleum ether fraction of ethanolic extract of fallen leaf from G. biloba (PFGB) showed
significant activity against the snails and also revealed the time and dose dependent effect. Statistical
analysis revealed that the LCs, values of PFGB was decreased from 72.38 mg-L™" (24 h) to 9.22 mg-L™ (72
h). Whereas, the LCs, values of PFGB to zebra fish was 131.34 mg-L"'. The glycogen and total protein
content of soft tissues of snails decreased after treated with PFGB, and the decreasing rate was parallel
to the molluscicidal activity. Therefore, the petroleum ether fraction of ethanolic extract of the fallen leaf
from G. biloba exhibited promising molluscicidal activity against the snail and might be a potent

molluscicides.
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INTRODUCTION

Schistosomiasis is one of the most prevalent parasitic
infections and has significant economic and public health
consequences (Chitsulo et al., 2000; Engels et al., 2002).
It is estimated that 200 million people are infected with S.
trematodes in many parts of the developing world, such
as Africa, Asia, and tropical America, where 120 million
are symptomatic and 20 million have severe disease
(WHO, 1984; Allen and Victory, 2003). In China, Schisto-
somiasis caused by Schistosoma japonicum is epidemic
in the Southeast, especially in the areas of Yangtze River
valley (Zhou et al., 2005). Oncomelania hupensis, is the
only intermediate host of S. japonicum which is the
species in China causing schistosomiasis. In order to
control this disease, one efficient way is to attack and
break down the life cycle of S. japonicum.
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Niclosamide (the only commercially available mollu-
scicide recommended by the World Health Organization)
has been used extensively over the years, especially in
schistosomiasis control programmes. However, it is
highly toxic to non-target organisms such as fish, amphi-
bian and aquatic plants (Pieri et al., 1995; Andrews et al.,
1983). Therefore, there has been a renewed interest in
finding cheaper, environmentally friendly and readily
available natural molluscicidal compounds from plants
alternative to synthetic products used in snail control.
Many countries search for safe and low-cost mollu-
scicides by using the naturally occurring plants that can
be applied effectively in different habitats, and a large
number of plant products with molluscicidal activity have
been identified (Preetee and Singh, 2008; Adedotun and
Alexander, 2008). Examples are Arisaema erubescens,
Nerium indicum and Cinnamomum camphora (Ke et al.,
2008; Liu et al., 2006). Ginkgo biloba is one of the oldest
living tree species in China, dating back over 300 million
years. As a traditional Chinese herbal medicine, it has



been used for 5 thousand years to treat lung ailments
such as asthma bronchitis (Bruce, 2000). Recently, it has
been reported that ginkgolic acids in Ginkgo sarcotesta
extracts has molluscicidal activity against O. hupensis
(Yang et al., 2008). But to our knowledge, molluscicidal
activities of Ginkgo leaf are not reported. Therefore,
previous studies stimulate our interest in finding whether
there is molluscicidal activity in leaf from G. biloba.
Ginkgo leaf contains many bioactive compounds,
including flavonol and flavone glycosides, terpenoids and
ginkgolides (Thanh et al., 2001).

They have beneficial effects in the treatment of
cerebrovascular insufficiency and peripheral circulatory
problems (Schéfer et al., 2006). However, ginkgolic acids
and related alkylphenols have been identified as
potentially hazardous constituents in Ginkgo leaf extracts
and do not contribute to the therapeutic action (Barbara
et al., 2001). Furthermore, in order to protect the
environment and make full use of resources, we have
researched in fallen leaf of G. biloba and it might play a
significant role in prevention and treatment of
schistosomiasis.

In the present study we evaluated molluscicidal activity
of fallen leaf from G. biloba against the snail O. hupensis.
The aims of this research are to find out the molluscicidal
activity of other parts of G. biloba and make
comprehensive utilization of G. biloba leaf not only
confined to the clinical treatment but also used for snalil
control, turning fallen leaf into treasure.

MATERIALS AND METHODS

Source of snails

The snails (Oncomelania hupensis) with relatively uniform in size (8
- 10 mm) were collected from the beach of Yangtze River near
Zhenjiang in Jiangsu province of China, and acclimatized in the
laboratory at room temperature (25 + 1°C) for 2 - 3 days.

Plant materials

G biloba leaf, Torreya grandis leaf, Ailanthus altissima leaf,
Peucedanum praerutorum root and Herba agrimoniae herb were
collected in Jiangsu province, China in November 2009 and
identified by Prof. Jun Chen of the Pharmacognosy Laboratory,
School of Pharmaceutical. Voucher specimens are deposited in the
Pharmacognosy Laboratory, School of Pharmacy, Jiangsu
University.

Efficacy in traditional medicine

G biloba is used for the treatment of cerebrovascular insufficiency
and peripheral circulatory problems (Schéfer et al., 2006). The leaf
extract of G biloba could reduce blood pressure, blood glucose and
showed anti-oxidant activity (Lena et al., 2003). T. grandis is used
against cough and lung diseases, and the leaf extract presented
antinociceptive and anti-inflammatory activity (Muhammad et al.,
2010). A. altissima is used for curing diarrhoea and healing wounds.
The leaf extract of A. altissima showed anti-tumour, anti-virus, anti-
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bacteria and anti-amoebas activity (Tan et al, 2008). P.
praerutorum seed is used as anti-asthma and remedy against
angina (Schillaci et al., 2003). The herb extract of H. agrimoniae
presented anti-tumour, anti- inflammatory and antiarrhythmic
activity (Hong et al., 2008).

Preparation of extracts

Following collection, all of the plant materials were air dried and
then crushed into fine powder. The particle size of powder was
controlled below 40 meshes. Fifty grams each of the powdered
plant material was extracted separately with reflux using 95%
ethanol (0.5 L) and water (0.5 L) for 24 h and then filtered. The filter
residue was extracted twice more in the same way. The filtrates
were combined and then evaporated under reduced pressure in a
rotary evaporator to obtain ethanolic extracts and aqueous extracts,
respectively. Ethanolic and aqueous extracts of tested materials
were stored in a freezer at -20°C until required.

The ethanolic extract of G. biloba leaf was dissolved by water
and then extracted by different solvents in the sequence of
petroleum ether, diethyl ether, ethyl acetate and n-butanol satura-
ted by water. Finally, the petroleum ether fraction (PFGB), diethyl
ether fraction (DFGB), ethyl acetate fraction (EFGB) and n-butanol
fraction (NFGB) were obtained. Fractions were stored in a freezer
at -20°C until required. Each fraction was diluted with an appro-
priate volume of dechlorinated water in order to provide assay
solution as required.

Molluscicidal activity assay of the extracts

Molluscicidal activitity of the extracts against O. hupensis were
determined according to the standard WHO guidelines (Chen et al.,
2009). At room temperature (25 + 1°C), 30 snails were put into a
nylon net bag (5 cm in diameter). Three bags were immerged in
beakers containing 900 ml of the test solutions. Negative control
groups were immerged in de-chlorinated water and positive control
groups were treated with 1 ppm of Niclosamide. After 24, 48, 72 h
of exposure, test snails were washed with de-chlorinated water for
5 times and then kept in de-chlorinated water for another 24 h for
recovery. The snails climbing upwards the wall of beakers were
judged to be alive, and the snails remained in the bottom of beakers
were further examined to check mortality by mechanical prodding.
Each test was set in triplicate. The ratio of dead snails to total
tested snails was expressed as mortality (%).

Molluscicidal active fractions of ethanolic extract from Ginkgo
biloba

In order to further confirm molluscicidal active fractions, 5 mg-L™" of
the five fractions (PFGB, DFGB, EFGB, NFGB and remaining
fraction) of ethanolic extract of Ginkgo biloba leaf were used to treat
the snails. Every 30 snails, as one group, were immerged in
beakers containing the test solutions. Snails were exposed to the
molluscicide solution for 24, 48 and 72 h respectively. PFGB was
dissolved in DMF for hydrotropy. Reagent control groups were
immerged in 1% DMF de-chlorinated water solution. Negative
control groups were immerged in de-chlorinated water and positive
control groups were treated with 1 ppm of Niclosamide. Each test
was set in triplicate.

Dose dependent of climbing upwards snails in petroleum ether
fraction

Every 30 snails, as one group, were exposed to a dilution series of
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Table 1. Plants employed in this study and the activities of ethanolic extracts and aqueous extracts against

Oncomelania hupensis (n=3) (M+SD).

Mortality (%) with different time

Species Part used solvents 24 h 48 h ——

. . Ethanolic ~ 80.00+10.00 93.33+5.77 100.00
Ginkgo biloba Leal  \ater 6.67+11.55  40.00¢10.00  83.33+5.77
Torreya grandis Leaf Ethanolic 10.00+10.00 43.33+5.77 80.00+10.00

Water 3.3345.77 23.33+15.28 63.33£11.55
Ailanthus altissima Leaf Ethanolic 3.3345.77 26.6715.77 40.00+10.00
Water 6.6715.77 20.00+10.00 33.3315.77
Peucedanum prarutorum Root Ethanolic 6.6715.77 36.6715.77 83.3315.77
Water 3.3345.77 23.3315.77 76.67+£5.77
Herba agrimoniae Herb Ethanolic 3.3315.77 30.00+10.00  80.00+10.00
Water 0 16.67+5.77 40.00+10.00
Dechlorinated water 0 0 0
Niclosamide 100 100 100

All extracts tested at a concentration of 100 mg-L", Niclosamide at a concentration of 1 mg-L".

2, 4, 6, 8, 10 mg-L" of the petroleum ether fraction for 24 h. The
climbing upwards snails to tested total snails was expressed as rate
of climbing (%). Each test was set in triplicate.

Glycogen (Gn) and Total protein (TPr) assay

PFGB was prepared at two concentrations of 28.95 and 57.9 mg-L
respectively with dechlorinated water, which were 40 and 80% of
the LCso values. Then they were used to treat the snail O. hupensis.
The negative group was performed with the dechlorinated water
only. Snails were randomly and equally divided into 3 groups. Every
60 snails, as one group, were submerged in beakers containing the
test solutions. Each test was set in triplicate. After being immersed
for 24 h, the snails were washed with dechlorinated water, and then
left in dechlorinated water, the climbing upwards snails were taken
out from the beaker and the soft tissue of each snail was obtained
after removing the shell. Then their soft tissues were dried in oven
for 24 h at 40°C, and the dried soft tissues were grounded into fine
powder for Gn and Tpr assay.

About 10 mg of the soft tissue powder was weighed and encased
in the test tube, then 2 ml solution of 30% KOH was added to the
tube and incubated in a boiling water bath for 20 min. After
incubating, the test tube was cooled to room temperature. Finally
10 ml ethanol was added, and the precipitate (namely Gn) was got
by centrifuging at 2000 r/min for 10 min. Gn content was analyzed
by anthrone-colorimetric method.

Approximately 100 mg of the soft tissue powder was used for Tpr
assay, and TPr content was detected with KND-04 Kjeldahl nitrogen
detection device. The Tpr content was calculated as: (TPr) % =
6.25 x N%.

Acute toxicity of PFGB to zebra fish

Zebra fish were exposed to a concentration series of 80, 100, 120,
140, 160 and 180 mg-L™ for 48 h. Each concentration of ten zebra
fish was placed in a plastic drum containing 5 L solution of PFGB.
Negative control groups were immerged in de-chlorinated water
and positive control groups were treated with 1 ppm of Niclosamide.
Temperature during the test period was set at 25+1°C. Each test
was set in triplicate. During the experiment zebra fish were not fed
and the dead ones were removed from solutions. The ratio of dead

zebra fish to total tested zebra fish was expressed as mortality (%).

Statistical analysis

The molluscicidal activity test data were statistically analyzed by
SPSS17.0. The effect of the plant extracts on O. hupensis was
expressed by LCso and LCgo and the result was expressed as M £
SD. The LCso and LCg values were calculated by the probit
analysis. One way ANOVA was applied to locate significant
differences (p < 0.05).

RESULTS AND DISCUSSION
Molluscicidal activity of the plant extracts

A total of ten plant extracts of various parts from five
medicinal plants (G biloba, T. grandis, A. altissima, P.
praerutorum and H. agrimoniae) were tested for mollu-
scicidal activity and the results were shown in (Table 1).
Snails were exposed to the molluscicide solution for 24,
48 and 72 h at concentrations of 100 mg-L™. In all of the
ten plant extracts, five ethanolic extracts were more
effective than the five aqueous extracts towards adult
snails within 72 h exposure. In the five ethanolic extracts,
the ethanolic extract of G biloba leaf showed the highest
toxicity on snails after treated for 48 h. In addition, it also
showed moderate toxicity towards snails within 24 h
exposure, the mortality (%) values was 80.00 £ 10.00%.
Therefore, we focus attention to the ehanolic extract of G
biloba |eaf.

Screening of molluscicidal active fractions of G.
biloba leaf

In search for active fractions of G biloba leaf, five
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Petroleum ether fraction
Diethyl ether fraction
Ethyl acetate fraction
N-butanol fraction
Remaining fraction
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Figure 1. Different fractions of Ginkgo biloba leaf against Oncomelania hupensis (n = 3). Fractions
tested at a concentration of 5 mg-L™", Niclosamide at a concentration of 1 mg-L™.

Table 2. The mortality of snails treated by PFGB (n=3) (M£SD).

Mortality (%) with different time

-1
Dose (mg-L") 24 h 48 h 72 h
2.1875 3.3315.77  10.00£10.00
4.375 30.00410.00  43.3345.77
8.75 43334577  56.67+11.55
17.5 56.67+5.77  73.3345.77
35 96.6745.77 100
8.75 6.6745.77
17.5 30.00£10.00
35 43.3345.77
70 56.67+5.77
140 73.3345.77
LCso 72.38 13.78 9.22
LCoo 180.14 28.67 21.86

Mortality for dechlorinated tap water and 1 % DMF control groups were 0 %,
and the mortality for 1 mg-L™" of Niclosamide was 100 % for the test time.

fractions of ethanolic extract of G. biloba leaf (PFGB,
DFGB, EFGB, NFGB and remaining fraction) were
assayed for molluscicidal activity. The mortality (%)
values were shown in (Figure 1). The molluscicidal
activity of PFGB was more pronounced than other frac-
tions and also showed time dependent effect. PFGB
showed medium toxicity towards snails within 24 h
exposure, and the mortality values was 60 %. When
increasing exposure time to 72 h, it showed 100%
mortality at concentrations of 5 mg-L". Molluscicidal
activity of other fractions was faint even if increasing the
exposure time to 72 h. In contrast, the 1% DMF reagent
control groups and de-chlorinated water negative control

groups did not exhibit any molluscicidal activity in whole
exposure periods. Therefore, we get PFGB as
molluscicidal active fraction of G. biloba leaf.

Molluscicidal activity of PFGB

In order to further ascertain molluscicidal activity, the
calculated LCsy and LCgq values of PFGB for snails were
given in (Table 2). PFGB showed significant activity
against O. hupensis and it also revealed time and dose
dependent effects. The dead numbers of snails increased
with increase of PFGB concentration and exposure time.
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Figure 2. Dose dependent between PFGB and climbing of the snails (n = 3).
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Figure 3. Gn content of soft tissues of snails treated by PFGB (n =
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When increasing the exposure time, the LC50 values of
the PFGB was decreased from 72.38 mg- L' (24 h) to
9.22 mg-L" (72 h) against O. hupensis. It is the same to
the LCgq values, with the increase of the exposure time,
the LCqyo values was decreased from 180.14 mg-L™" (24 h)
to 21.86 mg-L " (72 h).

At the same time, there was a significant negative
correlation between climbing upwards snails and dose
(Figure 2). When increasing the dose, the rate of climbing
(%) was decreased from 96.67 % to 3.33 %. The linear
regression between climbing ug)wards snails and dose is
as follows: Y = 115.3 - 12 X (R"= 0.9708).

Gn and TPr content of snails’ soft tissues tested

To preliminarily study the mechanism of PFGB in snail
controlling, the Gn and TPr content of snails’ soft tissues
were analyzed, and the calculated results were as
follows. The results indicated that the Gn content decrea-
sed greatly after treat with PFGB, ranging from 14 - 22%
(Figure 3). The TPr content also decreased after
treatments, but it was not obvious, ranging from 1.9 -
3.2% (Figure 4). The Gn and Tpr decreasing rate were
parallel to the molluscicidal activity. The stronger the
molluscicidal activity, the more decrease in Gn content
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Figure 5. Dose dependent between PFGB and mortality of zebra fish (n = 3).

and TPr content. PFGB can decrease the Gn and TPr
content in snails’ soft tissues, and it suggests that the
abnormity of energy metabolism might be a factor for the
molluscicidal activity.

Acute toxicity of PFGB to zebra fish

In our present research, zebra fish toxicity test was used
for evaluating toxicity of PFGB on non target organisms.
The results showed that PFGB was not highly toxic to
zebra fish. Zebra fish were all dead within 30 min in
positive control with 1 ppm Niclosamide while there were
no dead in negative control with de-chlorinated water.
The LCs, values of PFGB was 131.34 mg-L™" within 48 h

(Figure 5). It is much higher than LCs, values of snails
(13.78 mg-L"). That is to say, PFGB caused 50%
mortality in snails but had no effect on zebra fish at the
concentration of 13.78 mg-L™".

Conclusion

The results demonstrated that the fallen leaf of G. biloba
might be an important molluscicides and molluscicidal
active fraction was petroleum ether fraction of its
ethanolic extract (PFGB). PFGB had significant
molluscicidal activity against the snail O. hupensis and
the molluscicidal activity was time and dose dependent.
PFGB can also decrease the Gn and TPr content in
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snails’ soft tissues and the decreasing rate were parallel
to the molluscicidal activity. Meanwhile, PFGB was not
highly toxic to zebra fish. Therefore, PFGB might be a
potent molluscicides against O. hupensis. Nevertheless,
isolation of the molluscicidal active substance from PFGB
and the mechanism of snail death ask further study. On
the other hand, G. biloba is widely distributed in China,
which is suitable to live in moist environment. Hence, G.
biloba is possible to plant on the beach of Yangtze River
and its fallen leaf might become a natural and potential
molluscicides to control the snails.
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