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Abstract

In the search for new molluscicidal plants for controlling the snail vectors of schistosomia-
sis, laboratory evaluation was made to assess the molluscicidal activity of Agave angustifolia
and Pittosporum tobira plants against Biomphalaria alexandrina snails. Results indicated that
both plants have promising molluscicidal activity as the LCy, of the dry powder of both plants
was 120 ppm. Both plants showed marked cercaricidal and miracidicidal potencies against S.
mansoni larvae. The LCy, of both plants (120 ppm) killed most B. alexandrina eggs within 24 h
of exposure. The sub-lethal concentrations of both plants markedly suppressed the survival rate
of B. alexandrina snails and the mortality increased with increasing the concentrations and the
exposure period up to 10 successive weeks.

The accumulative toxic effect of these concentrations was continuous during the recovery pe-
riod. Also, the reproductive rates of exposed snails were greatly affected even through the re-
covery period. This depression in reproductive ability of snails was accompanied by histological
damage in the hermaphrodite glands of exposed snails. Meanwhile, the growth of snails was
estimated weekly and it showed great inhibition in exposed snails comparing with the control
ones.
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Introduction method of removing the snail vectors
Schistosomiasis is a parasitic disease which are indispensable for the life cycle
from which more than 300 million people of the parasite. Thus, an extensive search
suffer throughout South America, Africa  for suitable molluscicides that can be
and the Far East. The disease is a public  ysed in the treatment of snail-infested
health problem and is endemic in Egypt  sites in endemic areas has been pursued
and many other areas of the world (Abe- (Sparg et al, 2000; Adewunmi and Al-
be et al, 2005; Silva et al, 2005; Mortada daesanmi, 2006; Fayez et al, 2013).
et al, 2011; Abdalla et al, 2012; Fayez et Since the discovery of highly potent sap-
al, 2013; Ahmed et al, 2014). Transmis-  onins in Phytolacca dodecandra berries in
sion of the disease requires contact with the 19601s, naturally occurring mollusci-
water sources which harbor aquatic cides has received considerable attention
snails. Control of this disease could be and the number of reports on the evalua-
conducted through chemotherapy, health  tion of plant-derived molluscicides has
education, environmental sanitation and increased considerably (Singh et al, 2005;
snail control. Chemotherapy with orally Medina et al, 2009; El-Sayed et al, 2011;
administered anti-schistosomal drugs is Abdalla et al, 2012; Fayez et al, 2013).

the most widely used method. Focal In the search for new plant mollusci-
treatment of fresh water sites with mol- Cides’ a wide range of indigenous plants
luscicides is a simple and inexpensive especially those of common use in folk
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medicine were screened for molluscicidal
activity (Abdel Kader et al, 2005; Mosta-
fa et al, 2005; El-Sayed et al, 2011). In
Egypt, screening of local plants for mol-
luscicidal potency has received consider-
able attention since the molluscicidal ac-
tivity of the Egyptian plant; Ambrosia
maritima L. was first reported. A. mariti-
ma at 1000 ppm was lethal to B. trunca-
tus after 24 hrs but killed miracidia and
cercariae after 30 min. When plant was
applied in the field at 70 ppm for 7
weeks, it reduced snail's population (Abd
Allah, 2009; Mortada et al, 2014).

This study was carried out to investi-
gate two plants, 4. angustifolia (Aga-
vaceae) and P. tobira (Pittosporaceae) as
molluscicidal, ovicidal and larvicidal po-
tencies against Biomphalaria alexandrina
and S. mansoni larvae. The effect of pro-
longed exposure to sublethal concentra-
tions of the two plants was also evaluated
on some biological parameters in snails.

Materials and Methods

The plants used were Agave angustifo-
lia (Family: Agavaceae) and Pittosporum
tobira (Family: Pittosporaceae) 4. angus-
tifolia was collected from EI-Orman Bo-
tanical Garden, Giza Governorate, while
P. tobira was collected from El-Zohria
Garden, Cairo Governorate. Plants were
kindly identified by Dr. Wafaa Amer,
Professor of Plant Taxonomy, Faculty of
Science, Cairo University. They were
shade dried and finally powdered with an
electrical grinder. Voucher specimens of
plants were kept at Department of Medic-
inal Chemistry, Theodor Bilharz Resear-
ch Institute.

Biomphalaria alexandrina snails; the
Egyptian intermediate host of Schistoso-
ma mansoni were used in this study.
They were collected from irrigation can-
nels in Giza Governorate. They were kept
in plastic aquaria filled with dechlorinat-
ed tap water under laboratory conditions
(25+2°C; pH: 7.4-7.7) for three weeks
before used in the experimental tests.

Schistosoma mansoni cercariae and
ova were obtained from previously in-
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fected B. alexandrina and mice main-
tained at Schistosoma Biological Supply
Center (SBSC), Theodor Bilharz Resea-
rch Institute (TBRI), Egypt. The ova were
exposed to direct light for 15 min. and
allowed to hatch to miracidia in a small
amount of the dechlorinated water at
25+2°C.

Molluscicidal Activity Tests: The dry
powder of both plants was first evaluated
against B. alexandrina snails (8-10 mm)
as aqueous suspensions. A serial of grad-
ual concentrations was prepared from the
dry powder of each plant on the basis of
weight /volume and expressed in terms of
ppm (part per million). Three replicates
were prepared for each experimental con-
centration and for control group (each of
10 snails/L). Both exposure and recovery
periods were 24 hrs each unless otherwise
stated. Standard WHO procedures were
followed (WHO, 1993) and determina-
tion of LCsy, LCyy and slope function was
carried out following Litchfield and Wil-
coxon (1949). At the end, death of snails
was defined.

Effect of plants on miracidia: To study
the miracidicidal activity of both plants,
five ml water containing freshly hatched
miracidia was mixed with 100 ml of the
tested molluscicidal solutions. Also, 100
ml of clean dechlorinated tap water con-
taining 5 ml freshly hatched miracidia
were used as control. Microscopic obser-
vations on the movement and mortality of
miracidia were recorded at intervals of V5,
1,2 & 3 hours.

Cercaricidal activity: Five ml of cercar-
ial solution containing freshly shed cerca-
riae was mixed in a divided Petri dish
with 5 ml of double the molluscicidal
concentrations from each tested plant (2
replicates were used for each concentra-
tion). Control containing only the same
volume of dechlorinated water and hatch-
ed cercariae was prepared. The move-
ment of cercariac was observed under
stereomicroscope after different intervals
of time (%, 1, 2, 3 hrs) and stationary cer-
cariac were considered dead. At the end



of the experimental time, the total num-
ber of miracidia and cercariae and mortal-
ity ratio were estimated (EI-Deeb, 1996).

Effect of plants on B. alexandrina eggs:
Fresh B. alexandrina eggs were collected
by placing thin polyethylene sheets on
the water surface of the snail's aquaria
and sheets containing egg clutches were
daily removed from the aquaria and cut
into pieces containing one clutch. After
another, 2 days concentrations of LCsy &
LCyo which equal 75, 120 ppm of 4. an-
gustifolia and 65,120 ppm of P. tobira
were prepared. Each molluscicidal con-
centration was supplied with > 120 snails
eggs for 24h. Thereafter, polyethylene
sheets containing egg clutches were
transferred to dechlorinated water for re-
covery for another 24h. Then the viability
of eggs was microscopically examined to
watch the dead clutch in which all eggs
had been killed and the percentage of
dead eggs for each concentration was cal-
culated.

Effect of plants on survival, egg laying,
reproduction and growth of adult B. alex-
andrina snails: Snail maintenance: Three
replicates of each molluscicidal concen-
tration and control were prepared in plas-
tic aquaria (1.5L capacity) each with 20
snails (8-10 mm). The aquaria were filled
with dechlorinated tap water either alone
or with the molluscicidal agents tetramin.
Each aquarium was supplied with a piece
of chalk as a calcium source. White plas-
tic foams were added to the aquaria for
egg deposition and water of each aquari-
um was changed once weekly. The sub-

lethal concentrations used of each plant
were 20, 40 and 60 ppm of 4. angustifo-
lia and 20, 35 and 45 ppm of P. tobira.

Estimation of survival, egg laying, re-
production and growth: The number of
live snails was recorded at the end of
each week. Snail egg clutches deposited
on the foam and the walls of the aquaria
and the egg content was counted using a
dissecting microscope. At the end of each
week, surviving snails in each aquarium
were dried with filter paper and weighed.
The exposure period lasted for 10 succes-
sive weeks, then the molluscicidal con-
centrations were replaced with dechlorin-
ated tap water for another 8 weeks as re-
covery period (El-Nahas, 2001; El-Sayed
et al,2002).

Calculations: The terms used to express
the tested parameters are: Lx, the survi-
vorship or the ratio of surviving snails in
each week, while, Mx, represents the egg
laying capacity or the mean number of
eggs per snail per week. Lx Mx refers to
the reproductive rate in each week while
L Lx Mx is the total reproductive rate at
the end of the experiment. The growth
rate was calculated as the difference be-
tween weight of snails in each week and
the weight of snails in the previous week
divided by the number of live snails in
this week. The data were statistically ana-
lyzed using “t” test and values were ex-
pressed as means £S.D.

Results

The results are shown in tables (1, 2, 3

& 4) and figures (1 & 2).

Table 1: Comparative susceptibility of adult B. alexandrina exposed to dry powder of Agave angustifolia
and Pittosporum tobira plants for 24h and 24 h recovery.

Molluscicidal Concentrations Plants P. tobira A. angustifolia

LCs (ppm) 65(54.166-78.06) 75 (62.45-84.36)
LCyp (ppm) 120 120

Slope 1.64 1.52

Sublethal concentrations (ppm)

LG, 20 20

LCy 40 35

LCys 60 45
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Table 2: Cercaricidal and miracidicidal activity of Agave angustifolia dry powder against S. mansoni

cercariae after different exposure times.

Concentrations % Mortality of cercariae after indicated time (h)
3 2 1 1/2
LCsp (65 ppm) 85.98 76.22 61.25 46.39
LCyp (120 ppm) 88.89 84.68 76.04 68.26
Control 13.2 9.6 6.5 4.8
Concentrations % Mortality of miracidia after indicated time (h)
3 2 1 1/2
LCs (65 ppm) 79.62 65.05 56.35 45.12
LCy (120 ppm) 81.38 75.52 63.16 59.46
Control 15.7 11.3 9.7 8.5

Table 3: Cercaricidal and miracidicidal activity of Pittosporum tobira dry powder against S. mansoni cer-
cariae after different exposure times

Table 4:

Concentrations % Mortality of cercariae after indicated time (hr)
3 2 1 2/1
LCs (75 ppm) 91.51 79.81 67.95 64.1
LCy (120 ppm) 93.43 85.18 77.47 65.9
Control 14.6 12.6 8.2 5.3
Concentrations % Mortality of miracidia after indicated time (hr)
3 2 1 2/1
LCs (75 ppm) 80.42 74.04 46.02 30.24
LCy (120 ppm) 87.47 75.66 63.79 49.96
Control 16.5 13.3 12 6.5

(3 days) after 24h.

Effect of molluscicidal concentrations of 4. angustifolia and P. tobira on B. alexandrina eggs

Plant concentrations No. of B. alexandrina eggs
/Mortality Dead Total

Control 0 0 124

A. angustifolia

LCsy =75 ppm 57.6 76 132

LCyy =120 ppm 81.8 108 132
P. tobira

LCsy= 65 ppm 30 36 120

LCyy = 120 ppm 52.5 63 120

Discussion

The lethal concentration (LCyy and
LCs) of the dry powder of the two plants
against B. alexandrina were found to be
120 and 75 ppm for A. angustifolia and
120 and 65 ppm for P. tobira (Tab. 1).
Reviewing the current literature showed
that (to the best of our knowledge), this is
the first report on the molluscicidal (Ab-
del Kader et al, 2005). Besides, mollusci-
ciding, another approach to the control of
schistosomiasis is to attack the free larval
stages of schistosomiasis i.e cercariae and
miracidia. Being sensitive, these organ-
isms can be used as a vulnerable target
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for the interruption of schistosomiasis life
cycle (Ragab et al, 2003). Concerning the
miracidicidal and cercaricidal activities of
A. angustifolia and P. tobira, (Tabs. 2, 3),
it was found that both plants have strong
toxic effect on miracidia and cercariae of
S. mansoni. However, A. angustifolia has
a higher effect than P. tobira, as
LCyp=93.43 % of cercariae and 87.47%
of miracidia were killed after 3 hours of
exposure to A. angustifolia plant. For P.
tobira, cercaricidal & miracidicidal mor-
tality were 88.89% and 81.36% after 3
hours of exposure. These results agreed
with those of (Abdel-Kader et al, 2005)



who observed that sub lethal concentra-
tions of two other Agave species; 4. filif-
era and A. attenuate killed 100% of cer-
cariae and miracidia of S. mansoni after 6
hours of exposure. Medina et al. (2009)
reported on the strong cercaricidal activi-
ty of Croton floribundus hexane and eth-
anol extract. It was, also, noticed that the
cercaricidal and miracidicidal potencies
of both plants follows a time-concentra-
tion relationship pattern. This observation
is in good accordance with Singab et al.,
(2006) on flavonoids isolated from Egyp-
tian [ris germanic. As the parasite multi-
plies into hundreds of cercariae that can
penetrate the intact human skin after leav-
ing the snails, therefore, molluscicides
that possess dual effect as larvicidal be-
side molluscicidal impact is another in-
teresting feature of the plant (Medina et
al, 2009).

Activity against both adult and egg
stages of vector snails is considered one
of the most important aspects of any effi-
cient molluscicide that is to be used in the
control of schistosomiasis (Abdel Kader
and Sharaf El-Din, 2000; Fayez et al,
2013).

In the present study, the aqueous sus-
pension of both plants was active against
B. alexandrina eggs (Tab. 4). Regarding
the ovicidal activity of the two plants
against three days-old B. alexandrina
eggs, A. angustifolia had higher ovicidal
activity than P. tobira. The mortality
rates of the eggs were 81.8% and 52.5%
after 24h of exposure to 120ppm of the
two plants, respectively. These results
agree with Allam et al (2001), who
found 100% mortality was obtained for
the egg clutches of B. alexandrina at con-
centration of 100% ppm of the oil extract
of Commiphora molmol (Myrrh). Also,
Massoud et al. (2004) proved that one
day-old egg masses were more suscepti-
ble to the ovicidal effect of Myrrh than 5
days-old ones and eggs were all killed at
80 ppm. The ovicidal toxicity of the test-
ed plants was reported that the n-butanol
extracts of some plants molluscicide like
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Sapindus trifoliatus, Agave Americana,
Balanites aegyptiaca and Vaccaria pyra-
nidata as toxic against freshly laid eggs.
The ovicidal action of the 2 plants against
B. alexandrina snails showed that the two
plants are slightly more toxic to the snails
than to the 3 days-old eggs. This means
that eggs were less susceptible than adult
snails which may be due to the covering
capsular jelly like materials that covers
and protect the laid eggs from the exter-
nal environment. Similar observations
were reported for extracts from different
parts of some species of Annona (Dos
Santos and Sant Ana, 2001).

On the contrary, some other plant mol-
luscicides like Ambrosia moritima, Tet-
rapleura tetraptera were reported to ex-
hibit very lower toxicity towards earlier
developmental stages than adults. Even
Endod, the most promising plant mol-
luscicide is devoid of ovicidal properties
(Sukumaran et al, 2004). Following the
positive results regarding the high mol-
luscicidal properties of the dry powder of
the tested plants, B. alexandrina snails
were subjected to sub lethal concentra-
tions of these plants during 18 consecu-
tive weeks (Figs 1, 2). Concerning the
effect of sublethal concentrations (low
and high) of 4. angustifolia and P. tobira
on the survival rate, egg laying capacity
and growth rate of B. alexandrina snails,
data showed that continuous and gradual
decline in survival rate at 20 and 40 ppm
of A. angustifolia were recorded. Mean-
while snails exposed to high concentra-
tion (60 ppm) of the plant showed faster
and sharp depression in survival rate and
all exposed snails were dead after 4
weeks of experiment.

Snails exposed to 20 & 35 ppm of P. fo-
bira recorded a continuous decline in the
survival rate (Lx) during the exposure
period (10 weeks) while snails exposed to
45 ppm of this plant recorded a steady
and gradual decline till the end of exper-
iment. This mean that the cumulative tox-
ic action of 60 ppm of A. angustifolia was
greater than the other concentrations is



survivorship recorded after 4 weeks was
zero which was much lower than any
other treated group this prohibition action
on the survival rate was similar to that
noticed by other researches (El-Deep and
El-Nahas, 2002).

Also, the sublethal concentration of
Atriplex halimus were reported to cause
reduction in survival rates of B. alexan-
drina (Tantawy, 2002). Regarding the
egg laying capacity (My), the reproduc-
tive rate (Lx M), the total fecundity (¥My)
and the total reproductive rates (¥Lx My)
by the end of experiment; the data rec-
orded showed that snails exposed to the
two plants recorded different responses.
As for the snails treated with 20 & 40
ppm of A. angustifolia, the fecundity val-
ues were fluctuating during most weeks
of the experiment. Meanwhile, snails
continued to lay eggs during all the ex-
periments and the total fecundity (Y¥My)
was higher than that of the control. On
the other hand, the snails treated with 60
ppm recorded lower values of (My) than
control during the 4 weeks because snails
died after this period.

Abdel Kader et al. (2005) reported that
Agave filifera and Agave attenuate inhib-
ited egg production and induced marked
increase in the percent of abnormal laid
eggs. Exposing snails to P. tobira greatly
impair reproduction ability of exposed
snails throughout most of the observation
weeks. This suppressive effect induced
on reproduction efficacy agreed with the
effect of other plants on the same snail
species (Mostafa and Tantawy, 2000) and
on other Biomphalaria species, as B. gla-
brata (Ragab et al, 2003).

Meanwhile, the slight improvement of
reproduction ability by the end of the ex-
periment means that snails tried and suc-
ceeded to overcome the destructive effect
of the plants as a defense mechanism. It
was also, observed that in all treated
groups, total inhibition in eggs output
was not recorded at any of the observa-
tion weeks. This difference in response
between snails exposed to plant and syn-
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thetic molluscicides could be attributed to
that synthetic molluscicides have more
destructive effect on reproduction capaci-
ty than botanical ones (El-Deeb and El-
Nabhas, 2002).

The reduction in total fecundity means
that the snail's reproductive capacity may
almost be destroyed owing to the effect
of the herbal molluscicide on ovotestis.
This agrees well with Singh and Singh,
(2004), and Singh et al. (2005), who re-
ported that sublethal concentrations of
some Dbotanical molluscicides caused
great decrease in protein, amino acid,
DNA and RNA in the ovotestis of treated
snails. These elements are very important
in several metabolic processes including
gamesomeness.

Another explanation was that these
herbal molluscicides may greatly inhibit
the secretion of steroidal sex hormones
responsible for maturation of the her-
maphrodite gland and stimulation of
gamesomeness (El-Nahas, 1998). It was
also noticed that, the suppressive effect
on both egg laying capacity and repro-
ductive rate is a dose-dependent. This
notice is in full accordance with other
reported data (Rao and Singh, 2000). The
net growth rate of snails treated with the
two plants A. angustifolia and P. tobira
showed lower values in some groups than
that control group. The great inhibition in
growth rates of snails treated with the
molluscicidal plants could be attributed to
possible disturbance in metabolism or
physiology of snails (Abdel Kader et al,
2005). The results in this study also,
proved that the reduction in snail's
growth rate was directly proportional to
the concentrations used. This finding is in
accordance with other reports on other
plant molluscicides on the same snail
species (El-Deeb and El-Nahas, 2002; El-
Nahas and El-Deeb, 2007; El-Sayed et al,
2011; Abdalla et al, 2012; Fayez et al,
2013).

Conclusion

No doubt, schistosomiasis and its com-

plications is a public health problem. On



the other hand, the chemical mollusci-
cides are risky to man and environment.
Plants’ molluscicides are more safe to
man and environment. The outcome re-
sults showed that Agave angustifolia and
Pittosporum tobira are promising mollusci-
cides for schistosomiasis
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Fig. 1: Survivorship (Lx) of adult Biomphalaria alexandrina snails exposed to sublethal concen-
trations of Agave angustifolia for 18 successive weeks
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Fig. 2: Survivorship (Lyx) of adult Biomphalaria alexandrina snails exposed to sublethal concen-
trations of Pittosporum tobira for 18 successive weeks.
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