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ABSTRACT

The monoterpenoid compounds fenchone, fenchol and thymol were tested for their
molluscicidal activity against two terrestrial snails Eobania vermiculata (MGiler) and Theba
pisana (Mulier). Fenchone exhibited molluscicidal activity against both of tested snails T.
pisana and E. vermiculata with LDso values of 527.93 and 552.38 pg/g body weight,
respectively. Feénchol was active against E. vermiculata with LDse  664.22 pg/g body weight,
while thymot exhibited molluscicidal action against T. pisana (LDso = 516.15 ug/g body
weight). Sub-lethal doses of fenchone caused marked decrease in protein level of the two
snail species. Aspartate transaminase {AST) and alanin transaminase (ALT) activities were
stimulated by the most tested doses of fenchone. Response of ALT toward fenchone
treatments was more sensitive than AST. The two tested enzymes of E. vermiculata were
more responsive than those of 7. pisana to fenchone treatments.

INFRODUCTON
' Terrestrial gastropod mollusk species are currently constitute some of
t the most significant threats to sustainabie agriculture in many parts of the
world (Barker, 2002). Land Snails are important pests of a wide range of
agricultural and horticultural crops in temperate and humid habitats world-
wide (Speiser and Kistler, 2002). They attack leaves, roots, buds, flowers,
fruits and even the trunk of trees causing great damage to the cultivated
plants (Abdaliah et al., 1998). Damage caused by snails is due to feeding
and to contamination with their bodies, faeces or slime, leading to
deterioration of the product quality beside the financial loss (Iglesias ef al.,
2003). In addition, rotting agents such as bacteria, viruses and fungi usually .
establish themselves at places where snails have fed, so that fruits and
vegetables in storage suffer further damage (Bundy, 1967). In Egypt, the
importance of land snails as pest organisms has drastically increased in the
past few decades (Kassab and Daoud, 1964; El-Okda, 1980; Abdallah ef
al., 1992; Abo Bakr, 1997; and Eshra, 2004). Synthefic molluscicides are
the main mollusks control method, but environmental hazards of these
chemicals (Buchs ef al, 1989) directed researchers fo find out
environmentally safer alternative control tools. The development of
_ biepesticides as a possible substitute for chemical pesticides is gaining
wide attention. Atthough large numbers of phytochemicals have already
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been isolated and shown to have moliuscicidal activity against aquatic
snails (Mott, 1987; Thiilborg et al., 1993; Lemmich et al., - 995; Ekabo et al.,
1996), little work has been carried out to detect natural molluscicides
against terrestrial mollusks and few number of natural compounds of plant
origin were proved to be biologically active against terrestrial gastropod
species (Hussein et al., 1994; Hussein and EF-Wakil, 1966; Hussein, 2005;
El-Zemity, 2006). Monoterpencids have been used for tte purpose of pest
control such as insecticides (Rice and Coats, 1994), fungicides (Vaughn
and Spencer, 1994), acaricides (Ellis and Baxendale, 1997), nematicides
(Sangwan ef al, 1990) and molluscicides (El-Zemity =t al., 2001) The
present work is devoted to evaluate the molluscicidal activity of certain
monoterpenoid compounds against two terrestrial snails and their
biochemical impacts.
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MATERIALS AND METHODS
1- Snails

Adult terrestrial herbivorous snails Theba pisana (Miller) and Eobania
vermiculata (Miller) (family: Helicidae) were coliected from pesticide-free

garden in Noubaria. Snails were fully acclimated to laboratory conditions
prior to testing.

2- Chemicals

Three monoterpencid compounds, fenchone, fenchol (Fig.1-a and b)
and thymol (Fig.1-c) were tested for their molluscicidal activity against
terrestrial snails. Fenchone and fenchol were obtained from Fluka AG,
while thymol was obtained from Chem Sevice.
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(a) ' (b)

(c)

Fig (1): Chemical structure of tested monoterpenoids (a) fenchone, (b)
fenchol and {c) thymol.

OH

2-1- Fenchone: 1, 3, 3- trimethyl-2-norcamphone. It is isomeric with
camphor, but is distinguished from it by its greater resistance to oxidation.
Its d- form occurs in fennel oil and the §- form in oil of thuja.

2-2- Fenchol (fenchyl alcohol): 1, 3, 3-trymethyl-2- norbornanol. It is an
isomer of bornecl and is extensively used in perfumery.

2-3- Thymol: it is a hydroxyl derivative of 1-methyi-4- isopropyl-benzens
(p-cymene). lts shemical name is 5-methyl-2-(1-methyl-ethyl) phenol. It is
used as antisept.c and is found in many essential oils, e.g. ol of thyme and
of oil of ajowan '

3- Bioassay

Stock sol.tions of the tested compounds were prepared by dissolving
the compound in dimethylsulfoxide (DMSO), and then were diluted with
water. Tween 8(® was added to prevent precipitation. Concentrated stocks
were diluted with water to obtain the lower doses. Confrol snails were
treated with the solvent. Three replicates were used for each dose with 10
snails each. Tested dose was gently applied on the surface of the snail's
mantle collar us ng 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 treatrient by loss of response to a thin stainless steel needle
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(WHO, 1965). Toxicity values were determined by probit analysis (Finney,
1971).

4- Sub-lethal treatments

Snails were treated with1/2, 1/5 and 1/10 of LD, values of
molluscicidal active compound(s). After 24 hr of treatment, snails' tissues
were prepared for biochemical tests.

5- 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 protein and enzyme assay.

6- 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.

7- 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
1- Molluscicidal activity

The molluscicidal activity results of the tested monoterpenoid
compounds are presented in Table (1). The results show that fenchone has
molluscicidal activity against both of tested snails 7. pisana and E.
vermicufata with LDsy values of 527.93 and 552.38 ug/g body weight,
respectively. Although, fenchol did not exihibit molluscicidal activity against
T. pisana, it was active against E. vermiculata with LDs, 664.22 pg/g body
weight. In contrary, thymol exhibited molluscicidal action against T. pisana
(LDs;=516.15 pg/g body weight), while it was inactive against E.
vermiculata. Our findings are confirmed by those obtained by El-Zemity and
Radwan (2001), who reported the molluscicidal activity of major
constituents of some essential oils including thymol and other
monoterpenoids. They also observed that mono- and bicyclic ketones were
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more toxic than their analogues of alcohols. The results of the present
study support this observation whereas; fenchone the bicyclic
monoterpenoid ketone was more potent than its alcoholic analogue, fenchol
against both tested snails. Although E. vermiculata and T. pisana belong to
the same family, Helicidae and subfamily, Helicinae (Godan, 1983), species
specificity was observed in particular with fenchol and thymol. Many
authors reported considerable species specificity in terrestrial mollusks to
different compounds (El-Zemity and Radwan, 1999; El-Sebaii, 2006; and
Youssef, 2006). Fenchone was tested as a semiochemical against
terrestrial slugs (Dodds, 1996; Dodds et al., 1986), however, there is no
trials on the molluscicidal action of fenchone or fenchol against terrestrial
snails have been reported. The toxic action of the tested monoterpenoids
against land snails is rapid whereas the toxicity symptoms appeared within
1 hr post- treatment. Excessive mucous secretion was observed and snails
retracted their bodies inside the shell and killed in this position within 24 hr.
These symptoms are similar to those described by El-Zemity and Radwan
(2001) when they used some essential oils and their major chemical
constituents against 7. pisana snail.

2- Biochemical effects

It is important to study the influence of toxic compounds on the
biochemical systems of the target pest. Sub-lethal doses 1/10, 1/5 and 1/2
of fenchone LDs, altered protein level as presented in Table (2). Marked
decrease of 7. pisana protein levels was observed due to 52.79 and 105.58
ug/g body weight treatments that caused 43 and 30 reduction percentages
respectively compared to control. Also, E. vermicufata protein level was
affected; doses of 110.46 and 276.19 pg/g body weight reduced the protein
level by 50 and 47% respectively. Many authors reported the reduction of
mollusks' protein level as a result of toxicosis by different toxicants either
synthetic or natural (Adewunmi ef al., 1988; Mohammed et al., 1981;
Chaudhary and Lomte, 1990; El-Wakil and Radwan, 1981 and Abd-EINaby,
2007).

Transaminases (aminotransferases) constitute a group of enzymes
that catalyzes 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 enzymes located in
molluscan digestive gland (hepatopancreas). The transaminases are good
indicators of tissue lesion. Results of in vivo effect of fenchone on E.
vermicufata and T. pisana AST and ALT activities are illustrated in Figures
(2-5). Marked increases were observed in E. vermiculata AST activity
(Fig.2) reached more than 3 folds compared to control with 1/5 and 1/2 of
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fenchone LDs,, while T. pisana AST did not affected by treatments (Fig.3)
except the lower dose, 1/10 of LDs, which caused 60 % elevation of

enzyme activity. Dramatic increases of E. vermiculafa ALT activity (Fig.4)
exceeded 10 folds compared to control due to the treatments with 1/5 and
1/2 of fenchone LDs,. Also, T.pisana ALT activity has been induced (Fig.5)
and reached levels up to 5 folds than control. It was observed that as the
concentration of fenchone increased, the activity of ALT increased in both
tested snails. It is clear that ALT was more sensitive than AST to fenchone
treatments either that of T. pisana or E. vermiculata. In addition, it was
observable that AST and ALT of £. vermiculata were more responsive than
those of 7. pisana to fenchone treatments. Elevation of AST and ALT
activities in terrestrial snails freated with compounds possess molluscicidal
properties has been reported (EI-Wakil and Radwan, 1891; Abdallah et al.,
1998). Results of fenchone in vivo effect indicate the lesion occurred in
digestive gland (hepatopancreas) function due to sub-lethal treatments of
fenchone.
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Table {1): Median lethal dose (LDy)* values of monoterpenocids against land snails.

Compound Experimental Snail

Theba pisana Eobania vermiculata
Fenchone 527.93 552.38
Fenchol >1000 564.22
Thymol 516.15 >1000

*LDs, values are expressed as pg/g body weight.

Table (2): Effect of fenchone on snalls’ protein concentration level.
Theba pisana Eobania vermiculata

Dose (11g/g) Mean* + SD % Control Dose (ug/g) Mean*£SD  %Contro

Control 9.30+ 0.0 - Control 8.980.14 -
52.79 5.31 £ 0.044 57.1 55.24 9.09 £ 0.03 101
105.58 6.49 £ 0.070 69.8 - 11046 4461013 49.7
263.96 7.20:0.131 774 276.19 479x01 53.3

“Values of mean protein concentration are expressed as mg protein ml .
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Fig(2): Effect of fenchone on Eobania vermiculata AST activity.
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Fig(3): Effect of fenchone on Theba pisana AST activity.
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