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Effect of herbicide acetochlor on cytochrome P450 monooxygenases
and GST of earthworms Eisenia fetida
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Abstract: To assess the sublethal toxicity of the herbicide acetochlor to earthworms and to find out biomarkers possible inducted
under acetochlor exposure, Eisenia fetida was exposed to artificial soils supplemented with different concentrations of acetochlor(5,
[0, 20, 40 and §0 mg/kg soil). Effects of the acetochlor on cytochrome P450 monooxygenases p-nitroanisole O-demethylase (ODM),
aldrin epoxidase(AE) and glutathione-S-transferases (GSTs) activities were determined. The results revealed cytochrome P450 monao-
oxygenases were elevated with increasing concentrations of acetochlor, and the AE activity increased significantly compared with
control at the concentration of 80 mg/kg (P<0.05). However, ODM activity from E. fetida was not induced significantly by acetochler
at all treatments(P>0.05). Sodium dodecyl sulfate-polyacryamide gel electrophoresis(SDS-PAGE) showed that one protein band was
visualized and no evident differences were found in protein profiles between treatments and control. The GST activity increased
significantly with longer duration(P=<0.05) and increasing concentrations of acetochlor exposure(P<0.05). This study showed that the
manooxygenases and GSTs activities in £. feride could be induced by acetochlor, and thus, the AE and GST could be used i

sublethal assays for soil contamination surveys and GST could be used as biomarkers of acetochlor exposure in E. feiida.
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Introduction

Acetochlor is one of the most widely used
herbicide all over the world with a consumption of
more than 10° t/a in China {Ye, 2003). It showed sig-
nificant carcinogenicity to the rat nasal epithelium
{Green et al., 2000), and has been classified as a B-2
carcinogen by the USEPA(1984). The 14 d(half lethal
dose (LDy) of acetochlor to Eisenia fetida is 155.8
mg/kg in black soil, and its toxicity is stronger than Cu
{Liang and Zhou, 2003). Acetochlor and Cu* had a
synergic inhibitory effect on the amount of
culture-dependent viable bacteria and the activity of
soil dehydrogenase (Zhang et ol., 2004). However,
there were few reports about the impact of physiology
and biochemical of acetochlor to non-target soil
organisms such as earthworms,

Enzymatic activities are regarded as fast and
prognostic indices of individual reaction to the
environmental stress, and should allow prediction of
the consequences of pollution at population and
ecosystem level (Cortet et od., 1999; Scott-Fordsmand
and Weeks, 2000). Metabolism of hydrophobic
xenobiotics into more polar compound includes two
phase. The phase [ is the addition of the oxygen to
lipophilic compound metabolized by monooxyge-
- nases. The microsomal cytochrome P450 dependent
monooxygenases constitute an extremely important
metabolic system, and have numerous functions and

roles, including growth, development, feeding,
resistance to pesticides and tolerance to plant toxins. It
can lead to the formation of production they are
detoxic or more toxic than the parent compound (de
Bethizy and Hayes, 1994). In Lumbhricus terrestris,
cytochrome P450 and b5, aldrin epoxidase and
ethoxycoumarin-O-dealkylase (ECOD) have been de-
tected (Khan et af., 1972; Milligan er af., 1986;
Berghout ¢t al., 1991), The cytochrome P450 mono-
oxygenases system has been characterized and
partially purified in the annelid £. fetide andrei
(Achazi e al., 1998).

The phase Il is that the oxidated production of
phase [ conjugated with molecule such as glutathione.
Glutathione-S-transferases ( GSTs) are involved in
phase II metabolism. They form a superfamily of
mostly cytosolic enzymes found in almost all
organisms. GSTs catalyze the conjugation of the
glutathione (GSH) to endogenous of exogenous
electrophilic substrates, and the productions are
usually more polar, less toxic and easy excretion
(Pascal and Scalla, 1999). These enzymes have been
studied in earthworms and especially in E. fetido
andrei (Stenersen and Oien, 1981; Saint-Denis et al.,
1698). Six groups of isoenzymes with particular
substrate specificities have been isolated in £, andrei
by Borgeraas et al.(1996).

Eisenia fetida, because of its low cost, casy
handing and the standardization of acute and
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subchronic ecotoxical test(OECD, 1984), was used in
our experiments. We exposed earthworms to artificial
soils supplemented with increasing concentrations of
acetochlor, the aim was (1) to understand the bio-
transformation of acetochlor to the earthworm K.
Jetide;  (2) to assess the subletha! toxicity of the
herbicide acetochlor to earthworms and explore the
potential biomarkers for acetochlor biomonitoring.

1 Materials and methods

1.1 Earthworms and chemicals

The adult earthworms Eisenia fetida with well
developed clitellum (about 300400 mg wet weight)
were obtained from a synchronized culture in our
laboratory and selected for this test. Animals were
acclimated at the test temperature for 7 d to artificial
soil substrates prior to test.

The acetochlor [2'-ethyl-6-methyl-N-(ethoxym-
ethyl)-2-chloroacetanilide] was 90% miscible o1l rea-
gent and was obtained from WU County Chemistry
Factory, Zhejiang Province, China.

1.2 Treatments

The test substrate was artificial soil prepared
according to OECD guideline 207 (QECD, [984). It
comprised (by dry weight) of 10% finely ground
sphagnum peat, 20% kaolin clay, 70% industrial fine
sand, with pH adjusted to 6.5 by addition of calcium
carbonate.

Earthworms were exposed to an increasing range
concentration of acetochlor (5, 10, 20, 40 and 80
mg/kg dry soil). 500 g substrate was placed in each
polyethylene plastic containers (16 cm X 10.5 cm X5
cm). The low volume concentration recommended for
the agricultural application(1 300 — 3000 ml/hm?) was
converted for the surface area of the test containers
(Ma er al., 2004). This is equivalent to 5 — 10 mg/kg
dry soil. Acetochlor was dissolved in 5 ml acetone and
then mixed into a small quantity of fine quartz sand.
The solvent is then removed by evaporation for at
least one hour and the sand then mixed thoroughly
with the premoistened artificial soil. The final water
content was adjusted to 50% of the maximum water
holding capacity. Controls were prepared in a similar
way except 5 ml acetone added only. Groups of ten
worms were placed in individual test container. For
each concentration, three replicates were prepared.
The container lids were perforated to allow aeration.
Earthworms were placed in a climate chamber with 20
=+ 1°C and 12D/12L photoperiod.

1.3 Preparation of microsomes

Microsomes were prepared based on the method

of Lee and Scott(1989) and Qiu et al.( 2003). E. fetida

was kept on moist filter at room temperature up to 48
h to remove gut contents after 40 d of acetochior
exposure. Earthworms were transferred into a glass
homogenizer, and were homogenized in ice-cold
homogenization buffer (0.1 mol/L sodium phosphate
buffer, pH 7.5, containing 10% glycerol, | mmol/L
EDTA, 0.1 mmol/L dithiothreitol (DTT), 1 mmol/L.
1-phenyl-2-thiourea (PTU), and 1 mmol/L. phenyline-
thylsulfonyl fluoride(PMSF)). Afier filtering the crude
homogenate through two layers gauze, the crude
homogenate was centrifuged at 10000 g for 15 min
(Beckman J2-MC). The supernatant were centrifuged
at 100000 g for 1 h (Hitachi CP70C) and microsomes
were sedimented. The microsomal pellet was resus-
pended in homogenisation buffer supplemented with
20% glycerol, and aliquots stored at -70°C.

1.4 Monooxygenases assays

Aldrin epoxidation {AE) activity was determined
according to the method of Lee ef «l (1989). The 1 ml
reaction mixtare consisted of .36 mmol/L of NADPH
(B-nicotinamide-adenine dinucleotide phosphate), 0.1
ml of microsomal sample, and 0.1 mol/L. sodium
phosphate buffers, pH 7.4. After a 2-min prein-
cubation period at 37°C, the reaction was initiated by
the addition of aldrin dissolved in methanol (final
assay concentration 0.2 mmol/L). The reaction was
allowed to proceed at 30°C for 10 min in water bath
and then stopped by the addition of 3 ml acetone. The
reaction production (dieldrin) was extracted with
petroleum ether (60 —90°C, 2 ml) by vortexing the
tube 1 min. The amount of dieldrin formed in each
assay was quantified by gas chromatography after
drying over anhydrous sodium sulfate.

The dieldrin quantification were analyzed with
HP5890 series gas chromatography equipped with
electron capture detector under the following
conditions: column HP-1 (polydimethylsiloxane 25
m X0.32 mm LD.); injector, detector and column
temperatures were 250, 300 and 230°C , respectively,
injections 1 pl. The retention time of dieldrin using
this method was 5.5 mun. Quantification of dicldrin
(purity 99.5% , Sigma Company) was injected to
obtain a standard curve (external standard method)

p-Nitroanisole O-demethylase (ODM) activity
was assayed according to the method described by
Hansen and Hodgson(1971) and Qiu ez al.(2003). The
2 m! standard reaction mixture contained 0.36 mmol/L
of NADPH, 0.5 ml of microsomal sample, and 0.1
mol/L sodium phosphate butfers, pH 7.8. The reaction
was initiated by the addition of p-nitroanisole
dissolved in ethanol (final assay concentration 3
mmol/L). Reaction mixture was incubated 30 min at
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25°C with water bath and then terminated by the
addition of 0.5 ml 1.0 mol/I. HCI. The production
p-nitreanisole was extracted with 2.5 ml CHCI,;, and
then centrifuged (3000 X g, 15 min). The CHCI,
fraction was back-extracted with (0.5 mol/LL. NaQH.
The ODyy, (optical density at 400 nm) value of NaOH
solution was rtecorded, and the quantity of the
production was determined by using an experim-
entally standard curve.
1.5 GST activity assays

Triplicates of three living earthworms pooled
together were used for GST activity assays. Before
being homogenized, earthworms were placed on a
damp filter to remove defecation. The carthworms
were homogenized in Tris buffer (100 mmol/L, pH
7.5) used glass homogenizer. The homogenate was
centrifuged at 10000 r/min for 30 min to yield the
postmitochondrial (supernatant: S9) fraction. Aliquots
were frozen and stored at -707C.

Glutathione-S-transferases(GSTs) activities were
measured according to the method described by Habig
and Hodgson (1974) and Saint-Denis er af. (1998),
I-chloro-2, 4-dinitro-benzene (CDNB) was used as
substrate. The assay mixture, total volume 1 mli,
consisted of 100 mmol/L Tris buffer, pH 6.8, 2
mmol/L GSH, | mmol/l. CDNB, 350 pl sample
proteins. The reaction was conducted at 37°C and
initiated by addition of GSH. OD., valuc was
measured.
1.6 SDS-PAGE

SDS-PAGE of solubilized microsomes from £.
Jfetida was carried out by a modificd method described
by Laemmli (1970). The stacking gel contained 4%
acrylamide and scparating gel contained 12%
acrylamide. Protein samples (15 pg/well) were boiled
for 5 min at 95°C, and applied to each well in the gel.
Gel was run at 12 mA in Bio-Rad Protein 11
electroperature unit. Molecular weight protein stan-
dards were run in parallel with the microsomal
proteins. Bands were stained with 0.125% Coomassie
brilliant R-250. Electrophoresis profiles were analyzed
using the Bio-Rad video system.
1.7 Protein determination

Total protein contents determinations were
performed with the method of Lowry et ol (1951).
1.8 Statistical analysis

The data in this study were analyzed by the use of
the SPSS program(Standard Version 10.0, SPSS Inc.).
LSD test was used to determine the differences
between treatments and control. A two-way ANOVA
was employed to determine the differences between
duration and concentrations. The probability level

used for the statistical significance was P<0.05. All the
values were presented as mean + SD.

2 Results

2.1 Monooxygenases activity

The control earthworms had the lowest activity of
aldrin e¢poxidase (AE) of 346 + 1.15 pmol/ (mg
protcin -min). At the lowest concentration, the AE
activity reached 130.3% of the control, but no
significant differences were found between them (P
>(.05). Induction increased when carthworms were
treated with increasing concentrations of acetochlor
(Table 1). At the highest concentration of 80
mg/kg, the AE activity increased up to 2.57 fold
of the control, and there were significant differ-
ences between them (/<0.05). This showed that
acetochior had induction effect on AE activity of
E. fetida.
Table 1 O-demethylase and aldrin epoxidase activities of ear-
thworms after exposure to different concentrations of acetochlor

Concentrations,  Aldrin epoxidase, p-Nitroanisole O-demethy-

mg'kg pmol{mg protein-min} lase, pmoli{mg protein-min)
Control Jd6L1.15 195+ 1.13

3.0 4.51+1.43 247+1.31

1 7342208 2172074

20 7.02£3.70 3514283

40 6.98+3.24 2.48+0.54

8( 8.884+2.53" 3.95+0.69

Notes: *Significant difference compared with control{/<0.05)

The control carthworms had the Jowest activity of
p-nitroanisole (O-demethylase (ODM) activity (Table
13. ODM activity increased when earthworms were
treated with acetochlor {Table 1). At 80 mg/kg, the
ODM activity increased up to 2.02 fold compared with
control. However, no significant difference was found
between them(#>0.05).

2.2 Gel electrophoresis

Cytochrome P450 isozymes have been shown to
have molecular masses ranging from 45000 to 60000
Da (Qiu er ol., 2003). By SDS-PAGE profiles of the
microsomes protein of £. fetida, one protein band was
visualized in the range of cytochrome P450 molecular
masses, and the molecular mass was 58 kDa,
However, no evident differences in protein profilcs
were found between treatments and control. The
acetochlor did not induce change of member of
cytochrome P450 microsomal protein(Fig.1).

2.3 GST activity

GST activity of earthworm depended on the
duration and concentration of acetochlor exposure. It
increased when earthworms treated with different
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Fig.l ~ Sodium dodesyl sulfate-polyacryamide gel electrophoresis
(SDS-PAGE) patterns of earthworms exposed to different concentra-
tions of acetochlor

Lane 1 represents control, lane 2—3 represent the treatments of 5 and
10 mg/kg concentrations, lane 5—7 represent the treatments of 20, 40,
80 mg/kg concentrations, respectively. Lane 4 represents markers and
the molecular is 97400, 66200, 43000, 31000, 20100 and 14400

concentrations of acetochlor after 30 and 60 d(Table
2). After 30 d of exposure, the GST activity increased
significantly at the concentration of 40 and 80 mg/kg
(P<0.05), it reached 105.48% and 106.94% of the
control, respectively. After 60 d of exposure, the GST
activity increased significantly at the concentration of
5, 20, 40 and 80 mg/kg (P<0.05). ANOVA revealed
that there were significant influences of durations
{P<0.01) and concentrations (P<0.01) on GST acti-
vity. This was showed that GST was induced when
earthworms were exposed to higher concentrations
and longer duration of acetochlor.

Table 2 GST activities of earthworms after exposure to diffe-
rent concentrations of acetochlor

Concentrations, GST activities, nmol/(mg protein - min)

mg'kg 30d 60 d

Control . 128.3541.46 13774192
50 131.63+6.10 142.04+£9.48"
10 127.81%1.15 139.84+£2.87
20 126.72+ 1.40 145,74 +6.12°
40 135.3942.30° 155.66+4.50°
80 137.26+1.07" 150444794

Notes: *Significant difference compared with control(P<0.05)

3 Discussion

Results from our experiments indicated that
aldrin epoxidase from E. fetida was induced by
acetochlor. The AE activity of control earthworm was
3.46 £ 1.15 pmol/(mg protein -min). These observa-
tions correlated to the earlier investigations demon-
strating aldrin activities in leeches(Khan et al., 1972).
Its activity was within the same range of bollworm
(Helicoverpa armigera) of whole homogenate (6.66
pmol/(mg protein - min); Qiu ez al., 2003).

Cytochrome P450 was of central importance in

detoxification and biotransformation usually was used
as biomarkers in organisms to indicate the exposure to
pollutants (Lee, 1998; D'Alo et al., 2004). In aquatic
ecosystem, P450 1A(CYP1A) induction is regarded as
one of the most sensitive and specific biomarkers for
series of environmental pollutants such as PCBs,
PAHs, and related compounds (Bucheli et al., 1995).
However, only a few studies about the effects of
xenobiotics on AE activity NADPH-supported were
reported. Its activity of embryonic turkey liver
increased significantly following a 24-h exposure to
phenobarbital on day 21 in vivo(Perrone et al., 2004).
The exposure of midges to 10 mg/L of atrazine in
solution for 80 and 160 h resulted in increases of
aldrin epoxidase activity of 4- and 9-fold, respectively
(Miota et al., 2000). The AE activity of cotton
bollworm was induced significantly after treatment
with pentamethylbenzene and naphathalene(Qiu et af.,
2003). Acetochlor was metabolized in rat by
facilitated hydroxylation of the phenyl ring by a
cytochrome P450 isoenzyme, and a metabolite of
quinoneimine was yielded which showed significant
carcinogenicity to the rat nasal epithelium (Green et
al., 2000). Acetochlor increased chromatid exchange
frequency (SCE) to human lymphocytes (Hill et al.,
1997). It also decreased the microbial community
diversity of soil (Luo et al., 2004). In our study,
exposure of E. fetida to acetochlor at 80 mg/kg
resulted in significantly increased P450-dependent
aldrin epoxidase activity relative to unexposed
earthworms. It showed AE was induced by acetochlor
and acetochlor had sublethal toxicity to E. fetida at the
concentrations of 80 mg/kg. However, it should be
further studied whether the AE activity can be used as
a biomarker for environmental pollutant.

ODM activity can be induced by heavy metal;
such as Cd increased significantly the hepatic
microsomal p-nitroanisole O-demethylase activity of
male guinea pigs (Iscan et al., 1993). However, in our
study, p-nitroanisole O-demethylase (ODM) activity
from E. fetida was not induced significantly by
acetochlor.

By SDS-PAGE of the purified microsomal
proteins, one protein band was visualized in the range
of cytochrome P450 molecular masses. However,
from the electrophoresis photograph, the member of
cytochrome was not changed significantly after
different concentrations of acetochlor exposure.

GST was used as biomarkers in earthworms both
of heavy metal pollution (Lukkari ez al., 2004) and of
pesticide pollution (Booth et al., 2001) in soil.
Saint-Denis et al. (2001) observed that in the
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earthworm £. fetida andrei GST activity decreased
already after 2 d of lead acetate exposure. Acetochlor
was rapid detoxification in the rats in vivo via reaction
with GSH (Ashby et al., 1996). In this study, the GST
activity in earthworms increased significantly in all
treatments. It was sensitive to acetochlor pollution,
and then, it can serve as a biomarker for safety
evaluation of acetochlor on E. fetida.

4 Collusions

The cytochrome P450 monooxygenases activity
of E. fetidu increased after exposure to acetochlor. At
the field dose (5—10 mg/kg), the GST activity incre-
ased significantly after 60 d exposure. Qur study
showed that the cytochrome P450 and GST were

worked together at detoxicity of acetochlor in . fetida

and acetochlor served as a substrate for the cyto-
chrome P450 and GST. Acetochlor had sublethal
toxicity to . fetida. If the acetochlor should be any
longer used in soil, the population of earthworms and
the fauna in soil should be influenced. The GST
activity in E. fetida can be induced by acetochlor, and
thus, the GST could be used as a biomarker for
acetochlor pollutants in E. ferida. But the AE activity
was induced significantly only at higher concentration
of acetochlor, and its use as a biomarker to soil
pollution should be further study.
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Introduction to the State Key Laboratory of Environmental Chemistry and
Ecotoxicology (SKLECE)

The State Key Laboratory of Environmental Chemistry and Ecotoxicology (SKLECE) was established in
2004 with the authorization of the Ministry of Science and Technology of China. SKLECE originated from two
laboratories formed in 1975, Inorganic Analytical Chemistry Laboratory and Organic Analytical Chemistry
Laboratory of the Research Center for Eco-Environmental Sciences. The two laboratorics were combined in 1996
inta the Open Laboratory of Environmental Chemistry and Ecotoxicology. In 2002, it became the Key Laboratory
of Environmental Chemistry and Ecotoxicology, the Chinese Academy of Sciences.

SKLECE has plaved a ieading role m the development of envirommental chemistry research in China. Since
1970's the laboratory has led the study on environmental chemistry of persistent toxic chemicals, and developed a
series of standardized analytical methods for environmental monitoring. It has also carried out extensive basic
research in the areas of cnvironmental analytical chemistry, environmental chemical behavior and ecotoxicology,
and made a number of original achievements.

SKLECE has 37 staff members including | member of the Chinese Academy of Sciences, | member of the
Chinese Academy of Engineering, 14 Ph.D supervisors, and 23 scnior researchers. Among them there are 5
"Outstanding Young Scientist" and 4 "One Hundred Talents" recipients. There are also 88 graduate students,
postdoctoral research assistants and visiting scholars.

Chairman of the Academic Committee: Prof. Yiyu Chen

Vice Chairman of the Academic Committee: Prof. Fusheng Wei; Prof. Guibin Jiang
Director of SKLLECE: Prof. Guibin Jiang

Deputy Director: Prof. Minghui Zheng; Prof. Jinming Lin



