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Summary
The possible role of glutathione S-trans-
ferase (GST) in resistance to metalde-
hyde in two snails, Achatina fulica Fer.
and Bradybaena similaris Fer. was inves-
tigated. Dose-response experiments
(range 0–5%) of baited metaldehyde,
showed 100% mortality of A. fulica to 5%
metaldehyde within 24 hours. Dose re-
sponse for B. similaris over the same
range (0–5%) showed highest mortality
of 60% at 2.85% metaldehyde, thereafter
mortality decreased significantly. When
3% and 0.475% baited metaldehyde were
given repeatedly to A. fulica and B.
similaris respectively, mortality rates de-
creased significantly; concomitant with
increases in GST activities in both the
snails. In B. similaris, ELISA assays
showed progressive increases in GST
concentrations (P<0.05) for each consecu-
tive metaldehyde treatment. There was
also positive correlation (r=0.97) between
specific activities of GST to the
intensities of signals for the GST protein
as determined by Western and densito-
metric analyses. These latter observa-
tions suggest the synthesis of new GST
in B. similaris to cope with higher
metaldehyde concentrations in its tis-
sues.

Introduction
Achatina fulica (Achatinidae) and
Bradybaena similaris (Fruticicolidae) are
two of the most important land snail pests
in Malaysia. A. fulica is known to thrive on
fresh and rotting plants (Purchon 1977)
and infests more than 500 plant species
including cocoa, papaya, rubber trees, leg-
umes and plants from the leguminosae
and cucurbitaceae families (Watson 1985).
B. similaris is emerging as an important
pest and infests cabbages, carrots, Chinese
cabbage and asparagus in Malaysia (Say
1995).

The molluscicidal activity of metalde-
hyde has been recognized since the 1930s
(Ware 1978) and it has since been used
most effectively against molluscs pests

worldwide (Handerson and Martin 1990).
Metaldehyde has been variously de-
scribed as a contact poison (Jary and Aus-
tin 1937) and a stomach poison (Thomas
1948, Cragg and Vincent 1952). More re-
cently, Say (1995), showed metaldehyde
to be more potent as a contact poison (LC50

=74.42 mg g-1 snail) than a stomach poison
(LD50 oral = 93.8 mg g-1) in B. similaris.
Metaldehyde has been reported to cause
changes in feeding patterns and behav-
iour (Bailey and Wedgewood 1991), and
the breakdown of the nervous functions
(Mills et al. 1992). Histological studies in
Deroceras reticulatum showed changes in
the epithelium cells of the digestive sys-
tem (Bourne et al. 1988) which adversely
affect mucosal secretions (Triebskorn and
Ebert 1989) and resulted in the death of
these animals. Metaldehyde has been
widely used to control snail pests includ-
ing B. similaris and A. fulica in Malaysia.
However, emerging resistance of snails to
metaldehyde due to over use has reduced
its effectiveness.

Organisms may cope with the presence
of xenobiotics by increasing activities of
xenobiotic metabolizing enzymes such
as glutathione S-transferase (GST), non-
specific esterases, acetylcholine esterase,
mixed function oxidases and hydrolases
(Brown and Brogdon 1987). The glutath-
ione S-transferases are multifunctional
proteins that are important in initiating
the detoxication of xenobiotics in organ-
isms. GSTs act on a variety of aromatic
and aliphatic xenobiotics including orga-
nophosphorus insecticides and epoxide
compounds (Chasseaud 1979) as well as
catalysing the conjugation of glutathione
with a wide variety of electrophiles to
form less toxic and water soluble sub-
stances which are then more easily ex-
creted from the body (Habig et al. 1974).
GSTs thus protect the cell against cytotoxic
and genotoxic compounds, including sec-
ondary products of lipid peroxidation.

GST activity has been measured in a
large variety of species including mam-
mals, insects, plants and invertebrates

(Kalinyak and Taylor 1982). The induction
of GST in rats, insects and fish exposed to
certain organic compounds has been stud-
ied to a great extent (Hayaoka and
Dauterman 1982, Pearson et al. 1983). It
has been shown that GST activity is influ-
enced by these compounds which sug-
gests that it plays a significant role in the
development of resistance towards these
compounds.

In the present study, we report the
dose-response of B. similaris and A. fulica
to baited metaldehyde. The possible role
of glutathione S-transferase in the devel-
opment of tolerance in animals repeatedly
dosed with metaldehyde was also investi-
gated.

Materials and methods
Achatina fulica were collected from hous-
ing estates near Bandar Bangi Baru,
Selangor, Malaysia and B. similaris were
obtained from a major cabbage plantation
in Cameron Highlands, Pahang, Malay-
sia. Snails were starved for 48 hours prior
to treatment to facilitate their food intake.
Animals were adapted to the laboratory
conditions in plastic containers (33.5 ×
23.0 × 10.5 cm) on a diet of cabbages for at
least one week before starting the experi-
ments. The containers were lined with tis-
sue papers wetted with distilled water to
simulate their natural habitats. Powdered
metaldehyde (95%) was obtained from
Fluka AG, Switzerland.

For dose-response studies, snails were
placed in plastic containers and given di-
ets containing 1.0, 2.0, 3.0, 4.0, and 5.0%
metaldehyde, for A. fulica, and 0.25, 0.475,
0.95, 1.90, 2.85, 3.8, and 5.0% for B.
similaris. For each treatment, there were
three replicates with 5 and 10 snails of
each replicate for A. fulica and B. similaris,
respectively. To aid bait and molluscicide
intake, snails were starved for 48 hours
prior treatment. Diets comprised of 20%
powdered whole Chinese cabbage leaves,
the required amounts of metaldehyde to
make the various doses, and then made up
to 100% with oat. Control animals re-
ceived diets with no metaldehyde added.
Mortality was scored when animals
showed no muscular response to a sharp
needle-prick.

To study the role of GSTs in tolerance
development, animals were repeatedly
given diets containing sub-lethal concen-
trations of metaldehyde i.e. 3.0% for A.
fulica and 0.475% for B. similaris. For B.
similaris, a total of 600 animals weighing
approximately 300 mg each were divided
into three replicates of 150 animals each
and a control group. For A. fulica, each
triplicate of treated and control group con-
sists of 30 animals. Mortality scorings
were made 24 hours after metaldehyde
containing diets were given; the survivors
were then placed in another container and
given a diet of fresh cabbages to recover.
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After 24 hours, the animals were again
starved for 48 hours before the start of an-
other treatment. The surviving snails (four
animals for A. fulica and five animals for
B. similaris) from each replicate were taken
and whole body GST activity assayed.

The soft body tissue was separated
from its shell and whole body tissues were
pooled and homogenized in 0.1mM phos-
phate buffer, pH 7.3 (1:3; w/v) and then
centrifuged at 10 000 g for 20 minutes at
4°C. The supernatant was kept at -30°C
until assayed for GST activity and subse-
quently, protein analyses by ELISA and
Western Blotting.

The GST activity was assayed accord-
ing to the method of Balabaskaran et al.
(1986) as modified by Surif et al. (1992).
Assays were performed at 25°C using 1-
chloro-2,4-dinitrobenzene (CDNB) as
substrate at a concentration of 1.2mM in
4% ethanol, in 0.2M arginine-HCl buffer,
pH 8.3 and at GSH concentration of
0.015M. The activities were followed spec-
trophotometrically at 340 nm, using molar
extinction coefficient of the thioether
product of 9.6mM-1cm-1. Protein concen-
trations were measured by the method of
Lowry et al. (1951).

Polyclonal antibody anti-GST was
raised in ‘Local White’ rabbits by the
method of Nieschlag et al. (1975), using
commercially obtained equine GST
(Sigma Chemicals, USA) as the antigen.
Quantification of the GST protein in each
group of animals repeatedly treated with
metaldehyde were done by indirect ELISA
(Voller and Bidwell 1986).

For Western analyses, proteins were
fractionated by sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-
PAGE) (Laemmli 1970) and transferred to
nitrocellulose membrane according to the
method of Towbin et al. (1979). The GST
proteins were probed with the polyclonal
antibody anti GST and the GST protein
concentrations were estimated semi-
quantitatively by densitometric analyses
using Imaging Densitometer GS-670.

Results
The 24 hour dose-response of A. fulica and
B. similaris towards metaldehyde in the
range of 0–5% is shown in Figure 1. On the
first day of each treatment, the snails se-
creted copious amounts of mucus; most
probably due to injuries to their digestive
system. Similar observations were re-
ported by Wedgewood and Bailey (1988)
on three terrestrial slug pests. Two days
after metaldehyde treatment, the snails
started to feed on the cabbage given to
them, and no longer secreted any mucus.
In A. fulica, maximum mortality rate
(100%) was recorded at 5% metaldehyde.
In contrast, for B. similaris, the highest
mortality rate observed was 60% at 2.85%
metaldehyde. In the latter, increasing the
dosing rate resulted in further decreases

Figure 1. Dose response (24 hours) of Achatina fulica (●●●●● —— ●●●●●) and
Bradybaena similaris (■■■■■ —— ■■■■■) towards metaldehyde. Error bars are ±
SEM.
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Figure 2. Mortality rates of A. fulica (●●●●● —— ●●●●●) repeatedly treated (5X) with
3.0% and B. similaris (■■■■■ —— ■■■■■) with 0.475% metaldehyde (9X) compared to
their respective control groups. Each value is the mean of three replicates
and percentage mortality at each consecutive treatment is calculated based
on the number of animals at the beginning of the experiment. Error bars are
± SEM.
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Figure 3. GST activity in B. similaris treated with 0.475% metaldehyde
(■■■■■ —— ■■■■■) compared to control (o —— o) and in A. fulica treated with 3.0%
metaldehyde (●●●●● —— ●●●●●) compared to controls (¡ —— ¡). Error bars are ±
SEM.
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in mortality rates. Closer inspection of the
mortality curves for A. fulica and B.
similaris showed some difference in the ef-
fect of metaldehyde in these two animals.
In A. fulica, metaldehyde was not effective
until the dose was increased to 1.0%; mor-
tality then increased linearly until it
reached 100% at 5% metaldehyde. In B.
similaris, the animals were killed at much
lower dose rates, i.e. 0.25%; the mortality
rate then increased slowly to reach a peak
at 2.85%, and thereafter, decreased signifi-
cantly.

When A. fulica were treated with 3%
metaldehyde repeatedly for five times,
there were marked decreases in mortality
rates; by the fifth treatment, the mortality
rates were similar to those of the control
(Figure 2). Similar phenomenon was also
observed in B. similaris given repeated
0.475% metaldehyde treatment; whence
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Figure 4. Concentrations of GST proteins in B. similaris treated with 0.475%
metaldehyde repeatedly, as determined by indirect ELISA (■■■■■ —— ■■■■■)
compared to controls (o —— o). Error bars are ± SEM.

1 2 3 4 5 6 7 8 9

Number of treatments

0

In
te

ns
ity

 %

0

1

2

3

4

5

6

0.02 0.18

1.21

1.98 2.09

4.19 4.21 4.30

4.79

5.74

Figure 5. Densitometric analyses of Western blotting : percentage increase
of GST protein in B. similaris repeatedly given 0.475 % metaldehyde
compared to control animals.

the mortality rates showed a steady drop;
reaching that of the control by the seventh
treatment (Figure 2). The specific activities
of GSTs in B. similaris showed marked in-
creases compared to the control group
during the course of the consecutive treat-
ments, which were not so evident in A.
fulica (Figure 3). Further quantification of
the GST protein in these B. similaris by In-
direct ELISA assay (Figure 4) showed sig-
nificant differences in the level of treated
animals compared to the control (P<0.05).
Similarly, densitometric analyses of West-
ern Blotting of treated animals’ super-
natant using anti-GST as the probe
showed positive correlation (r=0.97) be-
tween GST specific activity to concentra-
tions of GST proteins during the course of
the repeated metaldehyde treatments
(Figure 5).

Discussion
The difference in response of A. fulica and
B. similaris towards metaldehyde is rather
interesting. The higher doses needed by A.
fulica to cause death is most likely due to
their bigger mass; an average A. fulica
weighs about 20–25 g while B. similaris
weighs an average 200–500 mg. In B.
similaris, the highest mortality (60%) was
recorded at 2.85% metaldehyde, the mor-
tality rates then declined at higher doses.
At low doses, metaldehyde is thought to
have an attractive feeding effect, but at a
certain critical concentration it can de-
press the intake (Wedgewood and Bailey
1988). However, mortality rates of A. fulica
was shown to be dose-dependent, reach-
ing its highest (100%) at 5.0% metalde-
hyde. The A. fulica samples were collected
from housing estates where metaldehyde
has not been used to control them. B.
similaris however were collected from a
cabbage farm whose proprietor uses
metaldehyde all year round to control the
infestation of the cabbage leaves. It is thus
probable that the survivors of the high
metaldehyde dose consists of B. similaris
population which have been selected to
metaldehyde and therefore resistant to
higher concentrations of metaldehyde.

When the animals were repeatedly
treated with low, sub-lethal doses of
metaldehyde, there were marked decrease
in mortality with each consecutive dose in
both animals; equalling those of control
animals by the fifth treatment for A. fulica
and the seventh for B. similaris.

The increases in GST specific activity
which are concomitant with elevated pro-
tein levels during the course of repeated
treatments suggest that new proteins were
being synthesized to cope with the in-
creased metaldehyde levels in their sys-
tem. Hayaoka and Dauterman (1982)
showed that GST activity was induced in
various housefly strains exposed to phe-
nobarbital and selected pesticides. In an-
other study, the GST mRNA and protein
levels were reported to be induced in mice
in response to exposure to 2(3)-tertbutyl-
4-hydroxyanisole (Pearson et al. 1983).

It can therefore be concluded that, ex-
posure to prolonged periods of metalde-
hyde can induce the synthesis of glutath-
ione S-transferase, one of the most impor-
tant conjugation enzymes in the metabo-
lism of xenobiotics in the snail, B. similaris.
The role of other xenobiotic metabolizing
enzyme in metaldehyde metabolism, es-
pecially cytochrome P450 which catalysed
the first phase reactions is presently being
investigated.

Acknowledgement
The work was supported by research
grant IRPA 08-02-02-0004 from the Minis-
try of Science, Technology and the Envi-
ronment of Malaysia.



Plant Protection Quarterly Vol.15(1)  2000   5

References
Bailey, S.E.R. and Wedgewood, M.A.

(1991). Complementary video and
acoustic recording of foraging by two
pest species of slugs on non-toxic and
molluscicide baits. Annals of Applied Bi-
ology 199, 163-76.

Balabaskaran, S., Chew, S. and Segaran,
M. (1986). Studies on glutathione
S-transferase in molluscs. Comparative
Biochemistry and Physiology 87C, 183-92.

Berry, A.J. (1963). An introduction to non-
marine molluscs of Malaya. Malayan
Nature Journal 17, 14-7.

Bourne, N.B., Jones, G.W. and Bowen, I.D.
(1988). Slug feeding behaviour relation
to control with molluscicidal baits. Jour-
nal of Molluscan Studies 54, 327-38.

Brown, T.M. and Brogdon, W.G. (1987).
Improved detection of insecticide re-
sistance through conventional and mo-
lecular techniques. Annual Review Ento-
mology 32, 145-62.

Chasseaud, L.F. (1979). The role of
glutation and glutatione S-transferase
in the metabolism of chemical carcino-
gens and electrophilic agents. Advanced
Cancer Review 29, 175-274.

Cragg, J.B. and Vincent, M.H. (1952). The
action of metaldehyde on the slug
Agrolimax reticulatus (Muller). Annals of
Applied Biology 39, 392-406.

Habig, W.H., Pabst, M.J. and Jakoby, W.B.
(1974). Glutathione S-transferase. A
first enzymatic step in mercapturic acid
formation. Journal of Biological Chemistry
294, 323-7.

Handerson, I.F. and Martin, A.P. (1990).
Control of slugs with contact-action
molluscicides. Annals of Applied Biology
116, 273-8.

Hayaoka, T. and Dauterman, W.C. (1982).
Induction of glutathione S-transferase
by phenobarbital and pesticides in vari-
ous housefly strains and its effects on
toxicity. Pesticide Biochemistry and Physi-
ology 17, 113-9.

Kalinyak, J.E. and Taylor, J.M. (1982). Rat
glutathione S-transferase. Journal of Bio-
logical Chemistry 257, 523-30.

Laemmli, U.K. (1970). Cleavage of struc-
tural proteins during the assembly of
the head of bacteriophage T4. Nature
(London) 227, 680-5.

Lowry, O.H., Rosebrough, N.J., Farr, A.L.
and Randall, R.J. (1951). Protein meas-
urement with the folin phenol reagent.
Journal of Biological Chemistry 193,
265-75.

Mills, J.D., McCrohan, C.R. and Bailey,
S.E.R. (1992). Effects of metaldehyde on
specific membrane currents in neurons
of the pond snail Lymnaea stagnalis. Pes-
ticide Science 34, 243-7.

Nieschlag, K.B., Kley, H.K. and Usadel,
K.H. (1975). Production of steroid antis-
era in rabbits. In ‘Steroid immu-
noassay’. (Alpha Omega Publication
Ltd., London).

Pearson, W.R., Windle, J.J., Morrow, J.F.,
Bensson, A.M. and Talalay, P. (1983).
Increased synthesis of glutathione S-
transferase in response to anticarcino-
genic antioxidants. Journal of Biological
Chemistry 258, 2052-62.

Purchon, R.D. (1977). ‘The biology of the
molluscs’. (Pergamon Press, London).

Say, S.P (1995). Effects of metaldehyde in
Bradybaena similaris. M.Sc. Thesis.
Universiti Kebangsaan Malaysia, Ma-
laysia.

Surif, S., Tee, H.L, Omar, O., Say, S.P. and
Maimon, A. (1992). Glutathione S-
transferase in Bradybaena similaris. Pro-
ceedings of Malaysian Biochemistry Soci-
ety Conference 17, 298-303.

Thomas, D.C. (1948). The use of metalde-
hyde against slugs. Annals of Applied
Biology 35, 207-27.

Towbin, H., Staehelin, T. and Gordan, J.
(1979). Electrophoretic transfer of pro-
tein from polyacrylamide gels to nitro-
cellulose sheets. Procedure and some
application. Proceedings of National
Academy of Science USA 76, 4350-54.

Triebskorn, R. and Ebert, D. (1989). The
importance of mucus production in
slugs reaction to molluscicide and the
impact of molluscicides on the mucus
producing system. In ‘Slugs and snails
in world agriculture’. Monograph 41,
373-8. (British Crop Protection Council,
Farnham).

Voller, A. and Bidwell, A. (1986). Enzyme-
linked immunosorbent assay. In
‘Manual of clinical laboratory immu-
nology’, 3rd edition, eds N.R. Rose, H.
Friedman and J.L. Fahey. American So-
ciety for Microbiology, Washington
DC. pp. 99-109.

Ware, G.W. Molluscicide. In ‘The pesticide
book’. (Freeman and Co., London).

Watson, B.J. (1985). The giant African snail
in Australia: pest or nuisance? Queens-
land Agricultural Journal 3, 7-10.

Wedgewood, M.A. and Bailey, S.E. (1988).
The inhibitory effects of the mollusc-
icides metaldehyde on feeding, loco-
motion and faecal elimination of three
pest species of terrestrial slug. Annals of
Applied Biology 112, 439-57.


