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Abstract
coasts and estuaries, is considered a useful animal model in ecotoxicological tests and a promising

The infaunal polychaete Perinereis aibuhitensis Grube, distributed widely along Asian

candidate in biomonitoring programs. This paper deals with the activities of antioxidant enzymes
including superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidases (GSH-Px) in infaunal
polychaete P. aibuhitensis exposed to a series of sublethal water-bound cadmium (Cd) concentrations (0,
0.34, 1.72, 3.44, 6.89, and 17.22 mg L") under a short-term exposure (1-8 d). The results indicate that the
SOD and GSH-Px activities in P. aibuhitensis are stimulated first and then renewed to the original level.
The CAT activity of worms decreases at an earlier exposure time but increases to the control values at a
later exposure time. Our study suggests that Cd can interfere with the antioxidant defense system of P.
aibuhitensis. However, the changes in antioxidant enzyme activities for this species do not show the best
promise as biomarkers in Cd biomonitoring of estuarine and coastal zones because weak or
non-dose-effect relationships between the antioxidant enzymes activities and Cd levels are found.

Keyword: Polychaete (Perinereis aibuhitensis); cadmium,; antioxidant enzyme; biomarker; biomonitoring.

1 INTRODUCTION catalase (CAT),

and glutathione peroxidases

Estuaries and coastal zones are some of the most
productive and economically important ecosystems,
but they are always contaminated by heavy metals
derived from anthropogenic activities due to the fast
development around these economic regions
(Kennish, 2002; Singh et al., 2007). Heavy metals
such as mercury (Hg), cadmium (Cd), copper (Cu),
arsenic (As), and zinc (Zn) are either discharged
directly into these unique environments or are
delivered by rivers and streams. It is well known that
several environmental contaminants including heavy
metals can induce oxidative stress in marine animals
by generating reactive oxygen species (ROS) such as
hydrogen peroxide (H,0O;), hydroxyl radical (OH-),
and superoxide anion (O2) during their cellular
metabolism (Newman et al., 2003; Bocchetti et al.,
2004; Ferreira-Cravo et al., 2007). Antioxidant
enzymes such as superoxide dismutase (SOD),

(GSH-Px) play an important role in defense systems
against ROS-mediated toxicity (Newman et al., 2003;
Ferreira-Cravo et al., 2007). Furthermore, for
biomonitoring purpose, antioxidant enzymes have
been regarded as potential exposure biomarkers for
metal pollution (Lam et al., 2003).

Polychaetes are considered as ecologically
significant species in estuarine and coastal
environments mainly because (1) they can scavenge
detritus and organic matters on the sediment surface
and play a key role in nutrient cycling in
water-sediment coupling (Davey et al., 1995; Durou
et al., 2005, 2007), and (2) they function as an
important food source for many benthic fishes and
migratory birds, therefore contributing to the
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bioampification of metals through the trophic chains
(Scaps, 2002; Sun et al., 2006). Several polychaetes
have been used as biomonitors for toxicological
studies because they are deposit-feeders, have
sensitivity and resistance to contaminants, and are
relatively easy to collect, handle, culture, and
transport (Scaps, 2002; King et al., 2004; Casado-
Martinez et al., 2008). Moreover, polychaetes have a
relatively short generation time that makes them
ideal organisms for studying the effects of toxicants
on differently developed stages (Mauri et al., 2003;
Lau et al., 2007; Gopalakrishnan et al., 2007; 2008).

The deposit feeder Perinereis aibuhitensis (Grube
1878) is widely abundant along Asian coasts and
estuaries including China, India, Indonesia, and the
Philippines due to its eurythermal and euryhaline
characteristics (Wu et al., 1981; Yang et al., 1988). It
prefers to inhabit in mud and sandy beaches and is
always the dominant species in intertidal zones.
Many studies have shown that this species can easily
be cultivated and bred in a laboratory (Wang et al.,
2004, 2005; Zhou et al., 2007). These facts point out
that P. aibuhitensis is a good candidate for studying
its ecotoxicology through bioassays in the laboratory.
Even with this background in mind, however, there
has been little information available on the
ecotoxicology in polychaete P. aibuhitensis until
now (e.g., Wang et al., 2007, 2008). This scarce
information on the ecotoxicology in this species
seriously retards the biomonitoring technology
development and usefulness of estuarine and coastal
zone pollution monitoring.

The aim of this work is to evaluate under
laboratory conditions the antioxidant responses of
the polychaete P. aibuhitensis to Cd. Moreover, such
indices are analyzed to determine whether they can
become useful biomarkers in the environmental
biomonitoring of estuarine and coastal zones or not.

2 MATERIALS AND METHODS

2.1 Animal collection and adaptation

The polychaete P. aibuhitensis was collected at a
low tide from beach of Zhuanghe coast (a relatively
unpolluted site) on May 2005. The environmental
temperature was around 14.8°C at the time of animal
collection. The animals were transferred in an ice
cooler, along with the sediment from the same
sampling site, from the field to the laboratory (this
process lasted for 4 to5h) where they were
transferred to glass tanks (50 cmx40 cmx40 cm)
with sediment and seawater. After one week of
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adaptation, the water temperature was gradually
adjusted at a rate of about 1°C d”', then the animals
were kept at the test regime (20+0.5°C) for one week
of acclimatization before being placed under
experimental conditions. During the acclimatization,
aeration was provided continuously, with the animal
density set at ca. 400 ind. m™. The sea water was
changed completely daily, and worms were fed
excessively with a commercial formulated diet
(13.0% moisture, 44.7% crude protein, 26.1% crude
lipid, and 10.8% ash) for culturing flounder.

2.2 Preparation of sand

Sea sand (¢: 60-2 000 um) was collected in the
seashore in the worm sampling site of origin and was
used in the experiment to provide refuge for
P. aibuhitensis. The sand was rinsed with sea water,
dried at 65°C, and then combusted in a muffle
furnace at 550°C for 12 h to get rid of organic matter.
After these processes, the sand was acidified with
concentrated HNO; (10% HNO; [V/V]) and then
rinsed and dried at 65°C again for further use.

2.3 Cd exposure

One hundred eighty worms (0.75+0.18 g) were
selected from the acclimated animals and were
averagely placed into sixty 2 L plastic beakers
containing 1 000 ml aerated sea water and a 2-3 cm
layer of sand (ca.1000g). All the containers
including the beakers used in the experiments had
been earlier soaked in 10% HNO; [V/V] for 24 h to
eliminate any adsorption of metals. The tested Cd
was used as CdCl,. 2.5 H,O (analytical grade). A
1 g L Cd solution was prepared as storage solution
and then it was diluted for various concentrations in
the experiments. The solvent carrier was sea water
filtered by a composite sand filter from Heishijiao
seashore in Dalian City, Liaoning Province in China.
The background levels of heavy metals in the carrier
were Cu®” 038 pg L', Zn* 75 pg L', Pb*
0.27 ugL", and Cd*" 0.06 pg L. Exposed Cd
concentrations were chosen as 0 mg L™ (control, C),
0.34 mg L'(level 1, L), 1.72 mg L' (level 2, L),
3.44 mg L' (level 3, L3), 6.89 mg L' (level 4, L4), and
1722 mg L'(level 5, Ls), which were set by
multiplying 34.44 mg L (48hLCsy, which was
measured in our preliminary experiment) by 0, 0.01,
0.05, 0.1, 0.2, and 0.5 (Zhou et al., 1989).
Cd-contaminated sea water was renewed daily to
replenish the metal and avoid the accumulation of
excretory products. The control and Cd-exposed
worms (10 replicates in which 3 worms were tested
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for each treatment) were sampled at days 1, 2, 4, 6,
and 8 for antioxidant enzymes analysis. During the
experiments, the water salinity was 31-32 ppt, the
dissolved oxygen was above 6.5 mg L, and the pH
was at 8.25+0.10. Natural photoperiod in the
laboratory (ca. 14L: 10D) was used. The beakers
were checked daily and dead worms were eliminated
from the beakers as soon as possible.

2.4 Preparation of tissue extract and assay of
enzyme activity

During each sampling time on days 1, 2,4, 6, and 8,
three worms exposed to each concentration of the
tested contaminant were randomly selected from the
beakers to determine the enzyme activities. First, the
worms were rinsed with distilled water, wiped using
filter paper, and weighed as wet weight (ww).
Second, the three selected worms in each treatment
were homogenized individually in 9 volumes (the
ratio of weight to volume) of 50 mmol/L ice-cold
Na-phosphate buffer solution, pH 7.8, using a
manual glass homogenizer maintained in an ice bath.
The homogenates were then centrifuged at 4 200 g
for 10 min at 4°C. The supernatants were collected
for further determination of enzyme activities.

The activities of SOD, CAT, and GSH-Px were
determined using commercial detection kits (Nanjing
Jiancheng Bioengineering Institute, China). SOD
activity was determined by hydroxylamine assay
developed from xanthine oxidase assay. One SOD
unit was defined as the amount of enzyme needed to
inhibit 50% of cytochrome ¢ reduction per min and
per mg of proteins at 37°C. CAT activity was
measured by the ammonium molybdate method, and
one CAT unit represented the amount of enzyme
needed to degrade 1 pmol of H,O, per min and per
mg of proteins at 37°C. Finally, GSH-Px was
determined by spectrophotometry to test the yellow
5-sulf-bi-nitro-benzoic acid (the product of GSH and
DTNB accelerated by GSH-Px) at 412 nm. One
GSH-Px unit was defined as the amount of enzyme
necessary to oxidize 1 pmol of GSSG per min and
per mg of protein at 37°C. The protein content of
homogenates in the test worms was measured by the
dye-binding method according to Bradford (1976)
using bovine serum albumin as the standard and
expressed as mg/g ww (wet weight). All enzyme
activity data were related to the protein content of
homogenates in the test worms, and the activity of
the enzymes was expressed as U/mg protein.

2.5 Statistic analysis
One-way ANOVA was performed using the SPSS

version 11.0 statistical package for Microsoft
Windows to determine the differences in SOD, CAT,
and GSH-Px among the Cd concentrations during the
same sampling day. Duncan’s multiple range tests
were used to test the differences in the treatments.
Partial correlation analysis was used to test the
co-relationships between SOD, CAT, GSH-Px, and
the exposed Cd concentrations. The differences were
considered significant at a probability level of
P<0.05, respectively.

3 RESULTS
3.1 SOD activity

The SOD activities in the test worms under
different doses but the lowest dose (L;) of Cd
exposure were higher than those in the control worms
(*P<0.05) at days 1 and 2 (Fig.1). Significant
differences in the SOD activities of the test worms
were observed in L,, L3, L4 and Ls treatments at days
1 and 2 (*P<0.05); however, there were no obvious
dose-effect relationships between the SOD activities
and Cd levels (r=0.0243, P>0.05). No significant
differences were found in the SOD activities of the
test worms in all treatments (including control
treatment), although the enzyme activities of some
treatments increased slightly in comparison with the
control at days 4, 6, and 8 (P>0.05).

3.2 CAT activity

The CAT activities in the polychaete P.
aibuhitensis under different doses of Cd exposure are
presented in Fig.2. The CAT activities in the test
worms were significantly lower than those in the
control worms (*P<0.05) at days 1, 2, and 4 with the
exception of the worms under the lowest dose of Cd
exposure (L;, 0.34 mg.L™") at days 1 and 4 (P>0.05).
There were no significant differences in CAT activity
in Ly, L3, Ly and Ls treatments at days 1, 2, and 4
(P>0.05). Additionally, a non-significant decrease
(P>0.05) in CAT activity of the test worms was
found with the increased dose of Cd exposure
(besides Ls Cd exposure) at days 6 and 8. Partial
correlation analysis showed that the CAT activities
of the test animals were weakly correlated with their
waterborne Cd levels (=-0.2498, P<0.05).

3.3 GSH-Px activity

The GSH-Px activities in the test worms (Fig.3)
showed the same tendency as the SOD activities. The
GSH-Px activities in the test worms under different
doses of Cd exposure were higher than those in the
control (*P<0.05), with the exception of those in the
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Fig.1 Change in SOD activity of P. aibuhitensis under different levels of Cd exposure
Values (mean+S.E., n=3) with different letters in the same cluster indicate significant differences (* P<0.05)
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Fig.2 Change in CAT activity of P. aibuhitensis under different levels of Cd exposure

Values (mean=£S.E., n=3) with different letters in the same cluster indicate significant differences (*P<0.05)

L, treatment (P>0.05) at day 1. Significant differences
in the GSH-Px activities of the test worms were
detected in L, L,, L3, Ly and Ls treatments at day 1
(*P<0.05). At day 2, the higher GSH-Px activities in
the L; treatment were only observed (*P<0.05);
however, there were no significant differences in the
other treatments (control, L, Ly, L4 and Ls) (P>0.05).
Moreover, no significant differences were found in the
GSH-Px activities of the test worms in all treatments

(including the control treatment) at days 4 and 8
(P>0.05). Additionally, the highest value (0.482 9 U/mg
protein) and lowest value (0.318 7 U/mg protein) of
GSH-Px activity (*P<0.05) were found in L, and L,
treatments, respectively, at day 8, but there was no
significant difference in the other treatments (control,
L;, L;, and Ls) (P>0.05). Dose-effect relationships
between the GSH-Px activities and Cd levels were not
found (r=0.046 1, P>0.05).
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Fig.3 Change in GSH-Px activity of P. aibuhitensis under different levels of Cd exposure
Values (mean+S.E., n=3) with different letters in the same cluster indicate significant differences (* P<0.05)
4 DISCUSSION antioxidant enzymes in P. aibuhitensis. SOD is one

Cd pollution in estuarine or coastal environments
is a global concern because it is biologically a
non-essential element and has severe toxic effects on
marine animals even at a low concentration (Singh et
al., 2007; Sun et al., 2008). Contrary to redox active
metals such as Cu and iron, Cd cannot directly induce
ROS generation through Harber-Weiss and Fenton
reaction (Stohs et al., 1995; Sandrini et al., 2008).
However, many authors have observed an increase in
the oxidative damage to macromolecules in aquatic
animals after their exposure to Cd (Wang et al., 2004;
Sun et al., 2008; Sandrini et al., 2008). Two different
mechanisms could be related to the increment in
ROS generation under Cd stress: (1) Cd can inhibit
the electron transfer chain in the mitochondria, which
may increase its ROS generation (Wang et al., 2004),
and (2) alternatively, the generation of ROS after Cd
exposure is attributed to the interference of Cd in the
cellular antioxidant defense system (Stohs et al.,
1995; Waisberg et al., 2003). Our study confirms that
Cd can interfere with the antioxidant defense system
of the polychaete P. aibuhitensis, which can be an
indicator of ROS generation in P. aibuhitensis.

The antioxidant enzymes play an important role in
protecting cellular systems from oxidative damages
induced by xenobiotics through a neutralizing ROS.
The current study demonstrated that a short-term
(8 days) exposure to sublethal waterborne Cd
concentrations causes activity alterations of the

of the most important enzymes that protect
organisms from oxidative damages by transforming
the superoxide anion (O,") into hydrogen peroxide
(H20,). The enhanced activities of SOD in many
polychaetes were reported such as in N. diversicolor
(Sun et al., 2008; Moreira et al., 2006) and L. acuta
(Geracitano et al., 2004a, b) when the test worms
were exposed to heavy metals and/or petroleum
hydrocarbons (PHCs). The present study also
observed that the SOD activities in the test worms
under different concentrations (1.72-17.22 mg L)
of Cd exposure were significantly higher than those
in the worms of the control at days 1 and 2 (Fig.1),
which is similar to previous studies on N.
diversicolor (Moreira et al., 2006; Sun et al., 2008).
However, during the period of days 4 to 8, this
increase in SOD activity thereafter decreased to the
control value. The consequent decrease in SOD
activity may be a result of the elimination of O, by
antioxidant enzymes.

CAT can protect organisms from oxidative
damages by making more disproportionate H,O; into
H;O0, a response that can be considered an adaptation
of polychaete to overcome stress due to contaminants
and to prevent their toxicity (Geracitano et al., 2004a,
b). In the present study, a trend was found in that the
CAT activities of polychaete P. aibuhitensis
decreased at days 1 to 4 under different levels of Cd
(0.34-17.22 mg L") exposure compared with those
of the control worms, but these reverted to the control
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values from days 6 to 8 of exposure (Fig.2). The
results agree will with those previously reported. For
example, the CAT activities of polychaete
Laeonereis acuta decreased after 8 h exposure to Cd
(5 and 100 pg L") (Sandrini et al., 2006) but were not
affected by exposure to the same Cd concentrations
at day 7’s longer period of test (Sandrini et al., 2008).
However, the significant increase in CAT activity in
the same species of L. acuta in both field samples
(Geracitano et al., 2004b) and acute (4d, 125 and
250 pg L) or chronic (14d, 62.5 pg L) exposure to
Cu in the laboratory (Geracitano et al., 2004a) was
also reported. Thus, CAT activities under the stress
of contaminants have shown different responses in
polychaetes. These variable and transient CAT
responses in polychaetes may be mainly attributed to
the different contaminants and the long or short stress
times.

Little information is available on the GSH-Px

activity in polychaetes after exposure to heavy metals.
Similar to the SOD activity, the GSH-Px activity in P.

aibuhitensis was detected to have increased values in
the earlier days of the Cd stress experiment (days 1 to
2), but this consequently reverted to the control level
at days 4 to 8. GSH-Px is considered a key enzyme in
cells that can decompose peroxide and protect the
integrity of the structure and function of the
membrane by cleaning up the harmful metabolite of
peroxide and breaking off the chain reaction of lipid
peroxidation. With the deoxidizing process in cells
continued, a decrease in GSH-Px activity in the test
polychaete could be inevitable.

Although the antioxidant activities have been
proposed as biochemical biomarkers to assess the
toxic effects of contaminants in marine polychaetes
in both laboratory (Geracitano et al., 2004a; Sun et
al., 2008; Sandrini et al., 2008; Zhang et al., 2008)
and field studies (Geracitano et al., 2004b; Bocchetti
et al., 2004; Ferreira-Cravo et al., 2007), a debate on
the usefulness of antioxidant responses to indicate
contaminant-mediated stress in polychaete was
found. For example, Sun et al. (2008) found that the
antioxidant responses in N. diversicolor had
significant correlations with heavy metal and/or
petroleum hydrocarbons. Additionally, Geractiano et
al. (2004a, b) in both field and laboratory studies
suggested that the polychaete L. acuta from a
polluted site showed higher antioxidant responses
than those from an unpolluted site, and worms from a
polluted site were more susceptible to oxidative
stress conditions. However, the studies performed by
Sandrini et al. (2006, 2008) found that the
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antioxidant enzyme responses in L. acuta did not
show significant positive correlations between
antioxidant enzyme activities and pollutant doses.
Our results showed that as a kind of endogenous ROS
eliminator, the antioxidant enzymes SOD, CAT, and
GSH-Px could counteract excessive ROS to sustain
super peroxide balance and protect membrane
stability under the stress of a contaminated
environment. However, this detoxification is
somewhat limited, and the antioxidant enzymes
responses seem to be short-term stress effects, as we
noticed only a transient increase or decrease in
antioxidant enzyme activity between days 1 to 4, but
this reverted at days 4 to 8. More importantly, a weak
or non-dose-effect relationship was found between
antioxidant enzymes activities and Cd concentrations
in this study. Thus, the responses of antioxidant
enzymes CAT, SOD, and GSH-Px in P. aibuhitensis
could reflect the Cd contaminant concentrations in
the environment to some extent, but they did not
demonstrate to be promising biomarkers in coastal
environment monitoring.
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