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Summary
This study was designed to investigate
the dose response of Bradybaena simila-
ris to metaldehyde in populations which
have had previous multiple exposure
to the chemical at Cameron Highlands,
Pahang and populations that never had
exposure to any type of pesticides at
Pos Piah, Perak. The base levels of cy-
tochrome P450 (CYP) activities in the
two populations were also investigated.
The results showed that the 24 hour dose
response profile of metaldehyde on B.
similaris samples from Cameron High-
lands differed from that observed on
the B. similaris samples from Pos Piah.
The snails from Cameron Highlands dis-
played the highest mortality of 85% at 4%
metaldehyde and decreased thereafter. In
contrast, the mortality rate of snails from
Pos Piah was found to increase propor-
tionally to 71.7% at the highest metalde-
hyde dose tested (7.0%). There was no
significant difference (P >0.05) in the to-
tal cytochrome P450 hemoprotein meas-
ured from both the whole tissues and
the hepatopancreas for the two popula-
tions. However, the CYP2B activity was
significantly higher (P <0.05) in snails
which have had unremitting exposure to
metaldehyde, suggesting that CYP2B is
selectively induced in these animals by
metaldehyde.
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Introduction

In Malaysia, Bradybaena similaris (Frutici-
colidae) is found predominantly in the
upland, vegetable-growing areas par-
ticularly in Cameron Highlands, Pahang,
where it infests soft tissued vegetables and
fruits, such as cabbage, apple, carrot, to-
mato and asparagus (Salmijah et al. 2000).
Farmers have been using molluscicides,
particularly metaldehyde and methiocarb,
intensively in these farms to reduce snail
damage to the crops as well as to control
their spread. The continuous applications
of these pesticides may have resulted in
the development of resistance in the B.
similaris populations as indicated by the
need to use increasingly higher dosages

of metaldehyde to maintain satisfactory
levels of control.

Resistance can develop in target organ-
isms through two mechanisms: firstly, by
enhancing the capacity of the organism
to metabolically detoxify the pesticide,
and, secondly, by altering the target sites
of the organism to prevent binding of the
pesticide (Brattsten et al. 1986). Previous
investigations have shown evidence of the
former mechanism occurring in the popu-
lation under study, in the form of increased
activities of CYP2B and glutathione-S-
transferase (GST) in B. similaris exposed to
metaldehyde (Salmijah et al. 2004).

The aim of this paper is to compare the
dose response of B. similaris previously
exposed to applications of molluscicides,
particularly metaldehyde, for at least five
years with a population that is believed
never to have been exposed to any type
of pesticide. The base levels of the total
cytochrome P450 and one of the isoforms,
the CYP2B were also measured, by assay-
ing the pentoxyresorufin-O-depentylase
(PROD) activities in the animals.

Materials and methods

Sample collection

Bradybaena similaris samples were collected
from the Kea Farm, Brinchang, Cameron
Highlands in Pahang, Malaysia, where
molluscicides particularly metaldehyde
had been used for at least five years and
from Pos Piah, an aboriginal settlement
where conventional farming is not prac-
tised and where there are no records of
the use of any pesticides. In the labora-
tory, the snails were kept in polycarbonate
containers (33.5 x 23.0 x 10.5 cm) layered
with tissues drenched in distilled water to
simulate their natural habitat. During the
seven-day acclimatization period, prior to
the experiment, the snails were given fresh
cabbage, as well as chalk (as a source of
calcium).

Metaldehyde baits were prepared by
mixing 20% dried, crushed Chinese cab-
bage (Brassica juncea) leaves with the re-
quired amount of powdered metaldehyde
(Fluka AG, Switzerland) to make the vari-
ous dosages, and then made up to 100%
(w/w) with bran. Some distilled water

was added to the dry mixture to enable it
to stick together and be extruded as pel-
lets using a syringe. The pellets were then
dried in the oven (35°C) and kept at 4°C
before use. Control baits were prepared
without metaldehyde.

Dose response experiment

A total of 420 snails having an average
weight of 500-600 mg were collected from
each study area, made to fast for 48 hours
and divided into seven groups. Each 20
snail group was given metaldehyde baits
at 0% (control), 0.5%, 1.0%, 2.0%, 3.0%,
4.0% and 5.0% a.i. for 24 hours. The snails
from Pos Piah were initially given the same
metaldehyde dosages but higher dosages
of 6% and 7% were included for the repeat
experiment as the mortality was found to
be low even at the 5% metaldehyde rate
tested. All treatments were done in tripli-
cate. At the end of 24 hours, the mortality
rate was scored when the snails showed
no muscular response to tactile stimuli.

Total cytochrome P450 activity assay
The levels of cytochrome-P450 were meas-
ured in snails not subjected to metalde-
hyde treatment, collected from Cameron
Highlands and Pos Piah, after the seven
day acclimatization period in the labora-
tory.
1. Preparation of the microsomal frac-
tion from Bradybaena similaris
Microsomal fractions were prepared ac-
cording to the method of Liimaitainen
and Hanninen (1982). The soft body tis-
sues of the snails were separated from
the shell and washed with distilled
water. Samples of the hepatopancreas
or whole tissues from ten randomly se-
lected animals were homogenized in
0.1 mol phosphate buffer (pH 7.4) and
centrifuged at 12 000g and 4°C tem-
perature for 20 min (RC-5B Sorvall).
The supernatant obtained was filtered
through several layers of cheesecloth
and re-centrifuged at 100 000g and 4°C
temperature, for 1 hour (L3-50 Beck-
man). The microsomal pellet was then
resuspended in the phosphate buffer
(50 mmol, pH 7.5, 1:4 w/v), aliquoted
into Eppendorf tubes and stored at
-20°C until it was used.

2. Microsomal cytochrome P450 total
haemoprotein assay

The total cytochrome P450 hemopro-
tein was determined according to
Omura and Sato (1951), based on the
binding of carbon monoxide with the
reduced form of cytochrome P450. To
1.0 mL of the microsomal fraction in
a tube was added 2.0 mL of 50 mmol
phosphate buffer and 2.0 mg sodium
dithionate, and the tube was inverted
a few times to obtain an even mix.
The sample was then saturated with
carbon monoxide and the cytochrome



164 Plant Protection Quarterly Vol.21(4) 2006

P450-carbon monoxide complex
measured at 450 nm using a spectro-
photometer (Shimadzu UV-160). The
cytochrome P450 content (nmol mg™
protein) was calculated using the ab-
sorbance constant of 91 mmol™" cm™ for
cytochrome P450.

3. Pentoxy-resorufin-O-depentylase
(PROD) assay

The PROD activity was measured by
the method described by Lubert (1985).
The CYP2B-specific activity was de-
termined by the rate of reduction of
the substrate, pentoxyresorufin by
NADPH to form resorufin which was
used to determine the level of CYP2B
in the samples.

Fifty pL of the microsomal fraction
was added in triplicate to 2.0 mL 0.1
mol Tris-HCl (pH 7.8), 5.0 uL 1.0 mmol
pentoxyresorufin in DMSO and 10 pL
50 mmol NADPH in 1% NaHCO,. Both
Tris-HCI and NADPH were pre-incu-
bated to 37°C before use. The resoru-
fin-forming rate was determined using
a fluorometer (Turner Model 450) with
the excitation wavelength fixed at 520
nm and emission wavelength at 585
nm. Calibration of each sample was
done using 2.0 mL 0.1 mol Tris-HCl (pH
7.8), 50 pL microsomal fraction and 10.0
pL 0.1 mmol resorufin. The specific ac-
tivity was expressed in nmol min' mg
protein™.

Statistical analysis

The experiment was replicated thrice.
The experimental data were subjected to
analysis of variance and means were com-
pared using the LSD test at the 5% level of
significance.

Results and discussion

Figure 1 shows the percentage mortality
rate of snails from Cameron Highlands
and Pos Piah after being fed with metalde-
hyde bait for 24 hours. The mortality rate
in the Cameron Highlands snails gradu-
ally increased with the metaldehyde dos-
age reaching the highest percentage (85%)
at 4.0%. When the dosage was increased
to 5% metaldehyde, the mortality rate
dropped slightly. The highest mortality
rate occurring at the dosages offered, is
likely due to avoidance of the baits with
higher concentration by snails, or a sup-
pression of feeding by the animals. In our
earlier work (Say, unpublished data) the
amount of bait taken up by B. similaris
diminished with increasing metaldehyde
concentrations. Wedgewood and Bailey
(1988) also reported a similar phenom-
enon on the effect of metaldehyde on ter-
restrial slugs.

The higher recorded mortality rate of
85% found in this study compared to 60%
reported previously in animals from the
same area (Salmijah et al. 2000) could be
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Figure 1. Dose response of metaldehyde to the mortality rate of the snail
(Bradybaena similaris) collected from the Cameron Highlands (M) and Pos

Piah (0).
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Figure 2. Total cytochrome P450 in whole tissues (grey) and hepatopancreas
(black) of Bradybaena similaris collected from Cameron Highlands and Pos
Piah. Values represent means + standard deviation (n = 3).

due to variation in animals among popula-
tions over a period of time (one year), or to
the actual amount of bait they had ingest-
ed which is not recorded in this study:.
For B. similaris from populations with
no history of exposure to metaldehyde at
Pos Piah, the mortality rate was found to
increase linearly with increasing dosages
of metaldehyde, reaching a maximum of
71.7% at 7.0% metaldehyde. This obser-
vation was totally unexpected. However,
due to sample restriction, further studies
to discover the dosage that would result in
100% mortality rate could not be pursued.
Having never been exposed to any form of
known pesticides, it was expected that the
snails from Pos Piah would be susceptible
to metaldehyde. The LD;, value for met-
aldehyde in the Pos Piah population (i.e.
2.30%) is twice that of the snails from Cam-
eron Highlands (i.e. 1.26%). These results
suggest that in the Pos Piah population,
the avoidance mechanism is not in place
and that they have an efficient detoxify-
ing mechanism for xenobiotics, such as

metaldehyde. It is likely that the snails
from Pos Piah, living in the wild, actively
induce high levels of xenobiotic metabo-
lizing enzymes, as they feed on a variety
of flavonoid-containing vegetation as op-
posed to those in the Cameron Highlands,
which feed solely on cabbage. Gonzalez
and Nebert (1990) reported that some
plants produce metabolite suppression
compounds called phytoalexins which
render the leaves unpalatable. Feeding on
leaves containing phytoalexins may in-
duce the production of xenobiotic metabo-
lizing enzymes such as cytochrome P450
to counter the opposing effects of this me-
tabolite suppression compound. For both
populations studied, there were no deaths
recorded in the control, and a strong posi-
tive correlation (r? =0.893) between mor-
tality rate and metaldehyde dosage.

All snails exposed to metaldehyde bait
showed symptoms of sluggishness and
excessive mucus secretion compared to
the controls. These observations concurred
with findings reported by Mills (1990) on
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Figure 3. PROD activities in whole tissues (grey) and hepatopancreas
(black) of Bradybaena similaris collected from Cameron Highlands and Pos
Piah. Values represent means * standard deviation (n = 3).

Lymnaea stagnalis exposed to metaldehyde.
Mucus secretion is a reaction commonly
displayed by snails to detoxify the metal-
dehyde (EXTOXNET 1998).

Total cytochrome P450 content in snails
collected from the two locations were not
significantly different (Figure 2). The lev-
els in the whole tissues was slightly but
not significantly lower than those of the
hepatopancreas, ranging from 0.0947-
0.0997 nmol mg protein™ in whole tissue
and 0.106 nmol mg protein™ in the hep-
topancreas. These levels were in the same
range as those of untreated Lymnaea stagna-
lis at 0.0301 nmole mg protein” (Willbrink
et al. 1991). An earlier study using the B.
similaris from the same area showed lower
(0.001 nmol mg protein™) cytochrome P450
levels in the untreated animals. This differ-
ence is likely due to variation in the popu-
lation under study over a period of time as
discussed previously.

Figure 3 however shows that in both
Cameron Highlands and Pos Piah popu-
lations, activities of CYP2B (PROD) were
higher in the hepatopancreas than in whole
tissues. This suggests that the hepatopan-
creas is likely to be the organ responsible
for detoxification in the animal. These lev-
els were generally higher in the Cameron
Highlands population. Thus the data can
also be interpreted as showing that CYP2B
enhances the action of metaldehyde as the
LD;, for Cameron Highlands is 1.26 and
that for Pos Piah 2.30.
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