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Summary
The snail Bradybaena similaris was given 
metaldehyde bait at 0 (control), 1% and 
5% for 24 hours. Glutathione S-transferase 
(GST) activity, total cytochrome P-450 he-
moprotein content, and two cytochrome 
P-450 isoenzymes, CYP1A1 and CYP2B1 
were assayed at 0, 24, 48, and 72 hours 
after treatment. The GST and CYP2B1 
activities in the treated animals increased 
significantly (P <0.05) compared to the 
control animals. CYP1A1 activities were 
however not affected. These observations 
suggest that a single exposure to metalde-
hyde can cause increases in the xenobiotic 
metabolizing enzymes, particularly GST 
and certain cytochrome P-450 families, 
which can eventually lead to resistance in 
the animals.

Introduction
Bradybaena similaris (Fruticicolidae) is 
found in large numbers in the upland 
cabbage farms of Malaysia causing signifi-
cant damage to the crop and revenue loss 
to farmers (Surif et al. 1992). In the past, the 
population of B. similaris in the field had 
been effectively controlled by metaldehyde 
(Thomas 1948). Metaldehyde is a contact 
and stomach poison (Jary and Austin 1937) 
which causes dehydration and eventually 
death of the organisms through excessive 
mucous secretion (Cragg and Vincent 
1952). Prolonged and frequent use of 
metaldehyde by farmers has however led 
to the development of resistance towards 
metaldehyde in Bradybaena similaris in the 
said area (Surif et al. 2000).

Glutathione S-transferases (GST) (EC 
2.5.1.18) are cytosolic proteins that pro-
mote conjugation of glutathione with 
electrophilic groups of a variety of hy-
drophobic molecules (Jakoby 1978, Habig 
et al. 1974). This enzyme family has been 
shown to be important in the development 
of resistance to pesticide (Motoyama and 
Dauterman 1980). 

The cytochromes P-450 are a group of 
hemoproteins associated with the micro-
somal membranes. Together with NADPH 
cytochrome-P450 reductase and reducing 
equivalents, they mediate the primarily 
(phase 1) oxidative metabolism of vari-
ous xenobiotics (Lubet et al. 1985). These 

hemoproteins exist as a superfamily of 
isoenzymes and are classed according to 
the amino acid sequences (Gonzales 1995). 
Cytochrome P-450 enzymes are readily in-
ducible by a variety of substrates resulting 
in specific cytochrome P-450 isozymes ex-
hibiting catalytic activities towards various 
substrates (Guengerich et al. 1982). Specific 
isoenzymes are detected through various 
assays. For example ethoxy-resorufin-
O-deethylase activity (EROD) is used 
to detect cytochrome P-450 isoenzyme 
CYP1A1 (Burke et al. 1977); and pentoxy-
resorufin-O-dealkylase activity (PROD) is 
assayed to determine isoenzyme CYP2B2 
levels (Lubet et al. 1985).

This study reports the GST, total cyto-
chrome P-450 and isoenzymes CYP1A1 
and CYP2B1 activities in Bradybaena simi-
laris treated with metaldehyde.

Materials and methods
Samples
Bradybaena similaris snails were collected 
from Kea Farm, Brinchang, Cameron 
Highlands (Pahang, Malaysia) during 
August 1999.

Preparation of metaldehyde bait
Brassica juncea leaves which were used 
as the attracting agent for B. similaris diet 
were washed with water, dried in an oven 
at 80°C and then ground into powder. 
Metaldehyde bait at 1% and 5% were pre-
pared by mixing approximately 20% of 
the Brassica leaf powder with Metasan 50 
(metaldehyde, 50%, from Zeenex (M) Sdn. 
Bhd., Malaysia) and then made up to 100% 
with rice flour. Distilled water (0.5:1; w/v) 
was then added and after thorough mix-
ing, the mixture was transferred into a 20 
mL syringe and extruded to form pellets, 
2 cm each. The pellets were dried in an 
oven at 60°C for an hour before they were 
stored in 4°C. Control baits contained no 
metaldehyde.

Metaldehyde treatment of B. similaris
A total of 1200 Bradybaena similaris test 
snails were starved for 48 hours prior to 
metaldehyde treatment. Each group con-
sisting of 200 snails was treated with metal-
dehyde baits at 0% (control), 1% and 5% for 
24 hours. Each group was replicated. After 

24 h, the metaldehyde bait was removed. 
Mortalities in the group treated with 1 and 
5% metaldehyde were between 12–30% 
and 15–55%, respectively. Ten surviving 
snails from each treatment were sampled 
starting at 24 h and repeated after 48 and 
72 h and assayed for GST, total cytochrome 
P450, EROD and PROD activities.

Glutathione S-transferase activity assay
Whole tissues (excluding shell) from 10 
snails were homogenized in phosphate 
buffer (0.1mM, pH 7.3) (1:5, w/v) and 
then centrifuged at 12 000g at 4°C for 
20 minutes. The GST activity in the su-
pernatant was assayed in triplicates at 
25°C as described by Balabaskaran et al. 
(1986) and Surif et al. (1992). The rate of 
formation of 2,4-dinitrophenyl-GSH in 
3.0 mL of 100mM arginine-HCl buffer 
(pH 8.3) containing 0.2mM 1-chloro-2,4- 
dinitrobenzene (CDNB) and 2.0mM GSH, 
was determined at 340 nm by a spectro-
photometer (Lambda Bio UV/VIS, Perkin 
Elmer). GST activity (µmol min-1 mg pro-
tein-1) was calculated using a molar ex-
tinction coefficient of 9.6/mM/cm for the 
thioether product. The protein concentra-
tions were measured according to Lowry 
et al. (1951).

Determination of total cytochrome P-450 
hemoprotein in the microsome
Microsomal fractions were prepared ac-
cording to the method of Liimatainen and 
Hanninen (1982). Hepatopancreas tissues 
and whole tissues from ten animals were 
homogenized separately in phosphate 
buffer (0.1M, pH 7.4) (1:4, w/v), then cen-
trifuged at 12 000g at 4°C for 20 min. The 
supernatant was filtered through a few 
layers of cheesecloth before being subse-
quently centrifuged (100 000g) at 4°C for 
1 hour. The microsomal pellet was resus-
pended in phosphate buffer 50mM, pH 7.5 
(1:4, w/v) and was stored at −20°C until 
it was used. Total cytochrome P-450 con-
tent was determined in triplicates by the 
method of Omura and Sato (1964). To ap-
proximately 1 mL of the microsomal frac-
tion was added 2 mg sodium dithionite 
powder and the tube was inverted a few 
times to mix. The sample was then satu-
rated with carbon monoxide and the cyto-
chrome P-450–carbon monoxide complex 
was measured at 450 nm. Cytochrome P-
450 content (pmol mg protein-1) was cal-
culated using the absorbance constant of 
91/mM/cm for cytochrome P-450.

Ethoxy-resorufin-O-deethylase activity 
(EROD)
EROD activity was assayed to deter-
mine CYP1A1 as described by Burke et 
al. (1977). To a reaction mixture of 2.0 mL 
0.1M Tris-HCl (pH 7.8), 3.0 µL 0.1mM 
etoxy-resorufin in dimethyl sulfoxide 
(DMSO) and 10 µL 50mM NADPH in 
1% NaHCO3 was added to 50 µL of the  
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enzyme preparation to start the reaction. 
The tris-HCl and NADPH were pre-incu-
bated at 37°C before being used. A fluor-
ometer (Turner, Model 450) was used to 
determine the formation of resorufin. The 
assay was calibrated by 10 µL 0.1mM re-
sorufin in 2.0 mL 0.1M Tris-HCl (pH 7.8) 
and 50 µL of the microsomal fraction. The 
specific activity was expressed in pmol 
min-1 mg protein-1. All assays were per-
formed in triplicates.

Pentoxy-resorufin-O-dealkylase activity 
(PROD)
PROD activity was assayed according to 
the method of Lubet et al. (1985). The re-
duction of pentoxyresorufin to resorufin 
by NADPH was followed fluorimetrically 
at 520 nm excitation and 585nm emission 
using the fluorometer (Turner, Model  
450). For PROD activity determination in 
the sample, 50 µL of the microsomal frac-
tion in triplicates was added to 2.0 mL 
0.1M Tris-HCl (pH 7.8), 5.0 µL mM pen-
toxy-resorufin in DMSO and 10 µL 50mM 
NADPH in 1% NaHCO3. Both tris-HCl 
and NADPH were pre-incubated at 37°C 
before being used. Calibration for each 
sample was done using 2.0 mL 0.1M Tris-
HCl (pH 7.8), 50 µL microsomal fraction 
and 10.0 µL 0.1mM resorufin. The specific 
activity was expressed in pmol min-1 mg 
protein-1.

Results and discussion
Figure 1 shows that metaldehyde treat-
ment for 24 hours increased the GST ac-
tivities by 96% and 114% (compared to 
control group) in animals treated with 1% 
and 5% metaldehyde respectively. When 
assayed 48 hours later, the GST levels in-
creased further to 200% and 248% in the 
two groups respectively. At 72 hours how-
ever, the levels were slightly lower with 
percentage increases of 142% and 176% 

in the 1% and 5% treated animals respec-
tively. These results suggest that GST play 
an important role in the metabolism of 
metaldehyde in this snail. The early on-
set in activities at 24 hours followed by a 
similar decrease at 72 hours suggests that 
constitutive enzymes are being mobilized; 
and in the absence of further assault, the 
activity was then reduced.

The GST activities of control B. similaris 
(0.109–0.207 µmole min-1 mg protein-1) was 
generally higher than most of the reported 
GST levels such as in Indoplanorbis exus-
tus (0.018–0.026 µmole min-1 mg protein-1) 
(Balabaskaran et al. 1986) or Archachatina 
marginata (0.047 µmole min-1 mg protein-1) 
(Ajele and Afolayen 1992). This could be 
due to animal variations. However, the 
higher values could also be due to the fact 

the these animals were collected from a 
farm which had been receiving regular 
applications of 4% or 5% metaldehyde 
over the past five years. The seven days 
acclimatization period given before the 
start of the present experiment may not 
be long enough to bring the GST activities 
to levels found in animals never exposed 
to pesticide.

In the hepatopancreas, total hemato-
protein levels were highest immediately 
after treatment (24 hours) and decreased 
thereafter at 48 and 72 hours for both 1% 
and 5% metaldehyde treatments. At 1% 
metaldehyde treatment, the levels were 
20.3, 17.8 and 8.2 pmol mg protein-1 after 
24, 48 and 72 hours, respectively. Slight-
ly higher levels of 24.1, 21.7 and 15.5 
pmol mg protein-1 were recorded at 5%  

0.0

5.0

10.0

15.0

20.0

25.0

30.0

0 24 48 72

C
yt

oc
hr

om
e 

P
-4

50
 

(p
m

ol
 m

g 
pr

ot
ei

n-1
)

0 24 48 72 0 24 48 72

Time (hours)

0% metaldehyde (control) 1% metaldehyde 5% metaldehyde

Figure 1. Glutathione S-transferase specific activity (µmol min-1 mg 
protein-1) in Bradybaena similaris after being treated with 1% (■) and 
5% (▲) metaldehyde for 24 hours and in control animals (). (Error bars 
indicate standard deviation).

Figure 2. Total cytochrome P-450 hemoprotein (pmol mg protein-1) in the hepatopancreas () and whole tissues () 
of Bradybaena similaris after being treated with 1% and 5% metaldehyde for 24 hours. All the values represent 
mean ± standard deviation (n=6).
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metaldehyde treatment for the same peri-
ods. The cytochrome P-450 hemoprotein 
were generally higher in the hepatopan-
creas compared to whole tissues (P <0.05, 
Figure 2). It is believed that metaldehyde 
treatment induced the level of cytochrome 
P-450 especially in the hepatopancreas 
which serves as the digestive gland of 
most xenobiotics (Wilbrink et al. 1991).

Activities for the two cytochrome P-450 
isozymes, CYP1A1 and CYP2B1 as meas-
ured by the EROD and PROD assays, are 
shown in Figures 3 and 4, respectively. As 
in the total cytochrome P450 hemoprotein, 
the hepatopancreas showed significantly 
higher levels of the enzyme compared to 
the whole tissues. For subsequent discus-
sion, only levels in the hepatopancreas 
will be assumed. There was no significant 
difference (P >0.05) in the EROD activity 
of the control and tissues treated with 1% 
and 5% metaldehyde. This showed that 

CYP1A1 specific activity was not affected 
by metaldehyde treatment.

There was no significant difference (P 
>0.05) in the CYP2B1 activity in the hepat-
opancreas between the 1% and 5% dose, 
but both treatments caused significant in-
creases in activities (P <0.05) compared to 
the control. The 1% metaldehyde caused 
CYP2B1 specific activity in the hepatopan-
creas to increase by 133%, 181%, and 72% 
respectively at 24, 48 and 72 h. The cor-
responding increments of the CYP2B1 for 
5% treatment were 102%, 183% and 47% 
(Figure 4). It could therefore be concluded 
that the isoenzyme CYP2B1 but not CY-
PIAI plays a part in the detoxification of 
metaldehyde in B. similaris.

Continuous exposure to metaldehyde 
is believed to cause induction in the 
synthesis of detoxification enzymes and 
leading to the development of resistance 
in the animals. Terriere (1984) has shown 
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that induction of the enzyme by xenobiot-
ics can bring about the process of adapta-
tion. Studies have shown that, induction 
of detoxification enzymes is transient and 
inducible when the animals absorb the in-
ducible agent at certain levels. The level of 
detoxification enzymes is also found to be 
higher in the tolerant population or pesti-
cide resistance groups as compared to the 
susceptible groups (Brattsten et al. 1986). 
Studies are presently being undertaken to 
find out how long it takes for the levels of 
these enzymes to come back to baseline 
levels and whether repeated exposures 
will cause development of resistance to-
wards metaldehyde in these animals.
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Figure 3. EROD specific activity in the hepatopancreas () and whole tissues () of Bradybaena similaris. All the 
values represent mean ± standard deviation (n=6).

Figure 4. PROD specific activity in the hepatopancreas () and whole tissues () of Bradybaena similaris. All the 
values represent mean ± standard deviation (n=6).
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