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ABSTRACT

Methomyl and the cardiac glycoside extract, isolated from Calotropis
procera, were tested against the terrestrial helicid snail Eobania vermiculata (Muller)
by the contact method. The LDso values of tested materials were 153.51 and 13.87
png/ gm of body weight respectively, which means that the extract is 11 folds more
toxic to this snail than methomyl. The spectrophototometric analysis of the
cardenolide content of the tested extract proved that it is equivalent to 95 % ouabain,
which is a good indication on the purity of the isolated group. At sub lethal doses of
the tested extract, changes in alanine transaminases (ALT) level were higher than
changes in aspartate transaminases (AST) levels. The results of this work proved that
Calotropis procera is an important source for new and strong molluscicidal
compounds that could be exploited against Eobania vermiculata and other species of
harmful land snails.
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INTRODUCTON

Land mollusks are important pests of a wide range of agricultural and
horticultural crops in temperate and humid habitats world-wide (Godan,
1983). Economic damage caused by snails is due to feeding and to
contamination with their bodies, faeces or slime, leading to deterioration of
the product quality, in addition to the financial loss (Iglesias et al., 2003). In
Egypt, terrestrial snails attack vegetables, field crops, orchard trees as well
as ornamental and medical plants (Bishara et al., 1968; EI-Okda, 1980;; El-
Wakil et al., 2000). The brown snail Eobania vermiculata (Miller) was
surveyed as an agricultural economic pest in Egypt since the mid sixties of
last century (Kassab and Daoud, 1964; EI-Okda, 1979; Abo Bakr, 1997;
Eshra 2004). Moreover, E. vermiculata was recorded as an intermediate host
of animal nematode Angiostrongylus cantonensis (Aly and Sleem, 2000).
Chemical control with high concentrations of pesticides, mainly metaldehyde
or certain carbamates, is the main method of snail control (EI-Okda, 1984;
Coupland, 1996; Abdallah et al., 1992, 1998a). Many environmental problems
such as the harmful effects against non-target organisms including mammals,
poultry and wildlife result from using synthetic compounds. Some attempts
were carried out to evaluate alternative, effective natural pesticides to replace
the conventional synthetic pesticides (Abdelgaleil, 2005; Khidr et al., 2006;
El-Zemity and Radwan, 2001; Hussein et al. 1994, 1999, 2007a, b). The
natural cardiac glycoside, ouabain, and the cardiac glycoside extract, recently
isolated from Nerium oleander, were very toxic against the terrestrial helicid
snail Theba pisana; however they did not exhibit molluscicidal activity against
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E. vermiculata (Hussein, 2007a; Hussein et al., 2007a). It was clear that E.
vermiculata is tolerant to most of the active natural molluscicidal compounds
or extracts that were very effective against T. pisana. The cardiac glycoside
extract isolated from C. procera was very active against T. pisana and
Helicella vestalis, and was found to be tens of times more toxic to T. pisana
and Helicella vestalis than methomyl (Hussien and El-Wakil, 1996).
Therefore, we decided to isolate the cardenolide extract of C. procera and
test its efficacy against E. vermiculata in a try to find an effective natural
molluscicide that could be used to control this tolerant species. This work is a
continuation of our successful attempts to find effective natural molluscicides
against different species of land snails. (Hussein, 2005, 2007a, b; Hussein
and El-Wakil, 1996; Hussein et al. 1994, 1999, 20074, b).

MATERIALS AND METHODS

1- Snails

Adult terrestrial brown snails Eobania vermiculata (Muller) (family:
Helicidae) were collected from pesticide-free garden in Noubaria. Snails were
reared for an enough period to be fully acclimatized to laboratory conditions
prior to the test.
2- Calotropis procera extract

The cardenolide extract was isolated from the latex of Calotropis
procera according to the method described by Al-Rajhi et al. (2000). In brief,
latex of C. procera was mixed with ethanol and the mixture was filtrated on
Buchner funnel, the filtrate was concentrated and treated with lead acetate
(50%). After filtration, the clear solution was extracted with chloroform. The
chloroform layer was washed with distilled water and dried with anhydrous
sodium sulfate. The solvent was evaporated under reduced pressure to give
a crystallized yellow material, which gave positive tests with reagents specific
for cardenolides, Kedde and Raymond reagents.
3- Spectrophotometric determination of the cardenolide content
a- 3, 5-dinitrobenzoic acid solution

Tow grams of 3, 5-dinitrobenzoic acid was dissolved in 100 ml
ethanol.
b- Sodium hydroxide solution

20 gm sodium hydroxide pellets was dissolved in distilled water and
volume was made to 100 ml.
c- Ouabain and test extract standard solutions

Ouabain (95%) was purchased from Sigma, a stock solution (1000
ppm) was prepared in ethanol.1.9, 1.95, and 1.975 ml ethanol was added to
15 ml test tubes; 100, 50 and 25 pl of the stock solution were added to get
the final concentrations 50, 25, 12.5 ppm, respectively; after that, 1 ml of 3, 5-
dinitrobenzoic acid solution was added and tubes were mixed well with
vortex, 0.1 ml of sodium hydroxide solution was added to each test tube and
mixed well. The resulting color was read at 565 nm to give optical densities
proportional to test concentrations.

Similar standard solutions of C. procera extract were prepared at the
same way.
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4- Bioassay

Stock solutions of tested extract and methomyl were prepared in
ethanol; Tween 80® was added to the solvent (0.05 %) to prevent
precipitation. Concentrated stocks were diluted with water to obtain the lower
doses. Control snails were treated with the solvent. Three replicates were
used for each dose, with 8 snails each. Tested dose was gently applied on
the surface of the snail's mantle collar using a micropipette as the method
described by Hussein et al., (1994). Snails were fed on lettuce ad libitum.
Dead snails were detected 24 hr after treatment by loss of response to a thin
stainless steel needle (WHO, 1965). Toxicity values were determined by
probit-analysis (Finney, 1971).
5- Sub-lethal treatments

Snails were treated with1/5, 1/10 and 1/20 of LDso values of tested
materials. After 24 hr of treatment, snails' tissues were prepared for
biochemical tests.
6- Sample preparation for biochemical tests

Shells of snails were removed and tissues were homogenized in 10
folds (w/v) of distilled water by using glass homogenizer. Homogenates were
centrifuged at 5000 rpm for 30 minutes using a cooling centrifuge at 4 °C.
The supernatant was used as a source of enzyme assay.
7- Determination of protein content

Estimation of protein concentration has been carried out according to
the method of Lowery et al. (1951) using bovine serum albumin as standard
and absorbance was measured at 750 nm.
8- Aspartate transaminase (AST) and alanin transaminase (ALT) assay

In vivo effects of molluscicidal active compound(s) against AST and
ALT were studied according to the method described by Reitman and Frankel
(1957) using Diamond Diagnostics kit. Absorbance was measured at 546 nm.

RESULTS AND DISCUSSION

Spectrophotometric analysis of the cardenolide extract

Table 1 shows the results of the spectrophotometric analysis of the
isolated extract at 565 nm by the Kedde reagent method. The extract showed
almost the same optical densities at tested concentrations as those of the
standard cardenolide, ouabain. These results indicate that all or most
components of the extract are cardenolide compounds. The reaction enabled
us to determine the standard compound or the crude extracts at
concentrations as low as 0.0005 % (5 ppm). This simple method enables
workers in this field to follow up the success of the progress in purification
steps of the cardenolide compounds from plant extracts. The two materials
gave excellent linear relationship between concentration and optical density.
This means that the cardenolide content of the extract is equivalent to 95 %,
because ouabain concentration was 95 %.
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Tablel. Spectrophotometric analysis of ouabain and cardenolide extract

at 565 nm.
Optical densities of tested concentrations at 565 nm
Material 12.5 ppm 25 ppm 50 ppm
Ouabain (95 %) 0.08 0.16 0.34
C. procera extract 0.08 0.16 0.33
Bioassay

Results of contact molluscicidal activity of C. procera extract and
methomyl after 24 hr of treatment against E. vermiculata are presented in
Table2. The median lethal dose (LDso) values of C.procera extract and
methomyl were 13.87 and 153.51pg/g body weight respectively. It is clear
that the cardenolide extract of C. procera is extremely toxic to E. vermiculata
compared to the carbamate insecticide methomyl. According to their LDso
values, the relative potency of C. procera extract is 11 folds higher than
methomyl. The slope values of toxicity lines of C. procera extract and
methomyl were 6.89 and 1.61 respectively, and that means the response of
tested animals to the cardenolide extract is more homogeneous than to
methomyl. Although E. vermiculata was tolerant to the cardiac glycoside
extract, isolated from Nerium oleander, and the natural cardiac glycoside,
ouabain, which exhibited high molluscicidal activity against T. pisana,
(Hussein, 2007a; Hussein et al., 2007a), it was very sensitive to the
cardenolide extract of C. procera as proved in the present work. The
molluscicidal action of the cardenolide extract was rapid, symptoms of toxicity
appeared after 0.5-1 h of treatment. Snails retracted their bodies inside the
shells; the ends of their feet protruded and lied on the surface of shell
aperture and died in this position within 24 hr of treatment. In contrary, toxicity
symptoms of methomyl appeared later, the snails' body relaxed out of the
shell and became entirely paralyzed and swollen until death. This difference
in toxicity symptoms indicates that the mode of action of the cardenolide
extract is completely different than that of methomyl. Moreover, the big
difference between slope values of toxicity lines support this belief. In the
Egyptian control program of E. vermiculata and other land mollusks there is
no use of specific molluscicide. High concentration of the carbamate
insecticide methomyl (2% a.i) in wheat bran bait is the main chemical control
method of terrestrial snails and slugs (Ministry of Agriculture and Land
Reclamation, 2001), which presents bad adverse effects to non-target
organisms of mammals, birds and honey-bees (IPCS, 1996). So, we must
replace such pesticides in mollusks control programs by more specific
compounds at low concentrations, in order to avoid the adverse effects on
non-target organisms and to help in biodiversity conservation and
environment protection.
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Table2. Toxicity values of C. procera extract and mathomyl against
Eobania vermiculata.

Lethal Dose (ug/g b.w)

Mortality (%)

C.procera extract Methomyl
25 11.07 58.58
50 13.87 153.51
75 17.37 402.31
90 21.28 957.55
99 30.18 4258.13
Slope 6.89 +0.734 1.61+£0.216

Biochemical effects

Transaminases (aminotransferases) constitute a group of enzymes
that catalyze the interconversion of amino acid in a- keto acid by transferring
amino group (Moss and Henderson, 1998). Aspartate transaminase (AST)
and alanin transaminase (ALT) are located in molluscan digestive gland
(hepatopancreas) and leak out into general circulation when hepatic cells are
injured. The transaminases are good indicators of tissue lesion. Results of in
vivo effect of sub-lethal doses of C. procera extract and methomyl on the
activity of these enzymes in E. vermiculata are presented in Figures 1 and
2. Little increase (27 and 15 %) in AST activity was observed due to 1/5 and
1/10 the LDso treatments of C. procera extract, respectively; however, at 1/5
LDso treatment, it caused a marked increase (53%) in ALT activity (Figure 1).
Sensitivity of ALT was higher than that of AST at the high dose of the
cardenolide extract as shown in Figure (1), this result is similar to those
obtained by Hussein et al. (2007a) who reported that ALT was more
sensitive than AST to ouabain treatments. Methomyl treatments caused
moderate and gradual increase in AST activity, at 1/20, 1/10 and 1/5 LDso
treatments, AST activity increased by 20, 31 and 34 % respectively (Figure
2). All methomyl treatments caused an increase in ALT activity; however the
maximum increase (55 %) was due to the lower dose (1/20 of LDso). Increase
in AST and ALT activities in land snails treated with molluscicidal compounds
was reported by many workers (El-Wakil and Radwan (1991) and Abdallah et
al. (1998b). The results of this work proved that Calotropis procera is an
important source for new and strong molluscicidal compounds that could be
exploited against Eobania vermiculata and other species of harmful land
shails.
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Fig(1): Effect of Calotropis procera extract on Eobania
vermiculata AST and ALT activities.
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Fig(2): Effect of methomyl on Eobania vermiculata AST and ALT
activities.
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