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Abstract
It has been reported that there is an interaction between Benzo[a]pyrene (BaP), a widespread carcinogenic polycyclic aromatic
hydrocarbon, and tributyltin (TBT), an organometal used as an antifouling biocide. This study was therefore designed to examine
the potential in vivo influence of BaP, TBT and their mixture on splenic antioxidant defense systems of Sebastiscus marmoratus.
The fish were exposed to water containing environmentally relevant concentrations of BaP, TBT and their mixture. Spleens were
collected for biochemical analysis after exposure for 7, 25, 50 d and after recovery for 7, 20 d. Cotreatment with BaP and TBT for 7 d
potentiated the induction of glutathione peroxidase (GPx) activity by BaP or TBT alone. The cotreatment for 25 and 50 d resulted in
inhibition of GPx activity, which was similar to the effect of TBT. Splenic glutathione S-transferase (GST) activities were significantly
elevated in S. marmoratus exposed to BaP starting from 7 d and remained high up to 25 d. However, no further activity change was
found with prolonged exposure. Cotreatment of BaP and TBT primarily inhibited the GST activity, which was similar to the effect
of TBT. Cotreatment with BaP and TBT for 25 or 50 d potentiated the depletion of GSH (glutathione) by BaP or TBT alone. MDA
(malondialdehyde) contents in spleen of S. marmoratus were not significantly altered compared with the control during the test period.
Spleen, as an immune organ, is sensitive to exposure of BaP or TBT. It should have an effective mechanism to counteract oxidative
damage. Antioxidative defense systems in spleen of S. marmoratus should be considered as potential biomarkers. Short-term exposure
of BaP or TBT could result in induction of antioxidant defense system. A significant decrease of these indices, such as GSH, GST, GPx
might indicate more severe contamination.
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Polycyclic aromatic hydrocarbons (PAHs) are produced
by any incomplete combustion of organic material and are
therefore present worldwide due to anthropogenic activity.
Many PAHs, particularly benzo[a]pyrene (BaP), are known
to act as potential carcinogens and/or mutagens and are
therefore considered as important risk factors in epidemiological and epizootiological cancer (Shaw and Connell,
1994). Results from a previous study showed that the level
of BaP in surface water from the Jiulong River Estuary and
Western Xiamen Sea was 0.56–3.32 µg/L (Maskaoui et al.,
2002). Concentrations of BaP varied from 1.0 to 23.4 ng/L
in surface seawater of Maluan Bay in Xiamen, China (Tian
et al., 2004). Organic compounds, particularly tributyltin
(TBT) are widely used as biocides in a variety of consumer
and industrial products. Besides the acute toxicity of TBT,

some studies show that TBT have embryotoxicity (Marin
et al., 2000), genotoxicity (Jha et al., 2000). TBT can also
disrupt endocrine functions (Morcillo and Porte, 2000). It
was also reported that the levels of TBT in water of the
coastal environments of China was below 0.5 ng/L (the
detection limit) to hundreds ng/L as Sn (Jiang et al., 2001).
It has been reported that both BaP (Carlson et al., 2002;
2004) and TBT (Grinwis et al., 1998; Schwaiger et al.,
1994) are immunotoxic to fish. The adverse effects of
many chemicals upon animals are related to their capacity for undergoing reactions producing reactive oxygen
species (ROS) and lipid peroxidation (LPO). Antioxidant
defense systems neutralize chemical reactive intermediates produced by endogenous pathways and/or xenobiotic
metabolism (Kappus, 1987; Winston and Di Giulio, 1991).
They are also involved in enzymatic reactions eliminating
electrophilic chemicals or metabolites, and reducing organic peroxides (Di Giulio et al., 1989; Yu, 1994). The
conjugation of reduced glutathione (GSH) with a xenobiotic, either spontaneously, or catalyzed by glutathione
S-transferase (GST), decreases xenobiotic reactivity. There
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Tributyltin chloride was obtained from Fluka AG,
Switzerland, with a purity of greater than 97%. BaP (98%
purity) was obtained from Sigma Chemical Co. (St. Louis,
MO, USA). Other chemicals were of analytical grade and
were obtained from commercial sources.
1.2 Experimental species and exposure conditions
Sebastiscus marmoratus weighing 25–50 g were captured from a pristine coast in Xiamen, Fujian Province,
China. The fish initially were maintained in tanks containing 60 L of aerated sand-filtered seawater, with natural

Homogenate of the spleen was prepared in chilled KCl
buffer (1.15% KCl buffered with 0.01 mol/L Tris-HCl, pH
7.4) and centrifuged at 10000×g for 20 min at 4°C to
obtain post-mitochondrial supernatant, which was used as
the source of enzyme (Livingstone, 1988). GST activity
was evaluated with 1-chloro-2,4-dinitrobenzene as substrate, following the formation of the conjugate with GSH
at 340 nm according to Habig et al. (1974). GSH content
was determined using a fluorometric assay according to
the method of Hissin and Hilf (1976). GPx (glutathione
peroxidase) activity was measured according to Hafeman
et al. (1973) with a slight modification (Zhang et al.,
2004). One unit of GPx activity is defined as the amount
of enzyme that oxidizes 1 µmol/L of GSH per min per
mg of protein at 30°C. Levels of malondialdehyde (MDA),
a by-product of lipid peroxidation, were determined as
described by Ohkawa et al. (1979). Protein concentrations
in the supernatants were determined by the Bradford
procedure (Bradford, 1976) using bovine serum albumin
as a standard. All fluorometric assays were determined
on a Hitachi F-4010 fluorescence spectrophotometer. The
absorbance at UV and visible wavelength was monitored
on a Thermo GENESY 2 UV-Visible spectrophotometer.
1.4 Data processing
Results are reported as mean ± SE (standard error).
The data were processed by one-way ANOVA and the
significance level between data was examined by Dunnet
T3 (α = 0.05) post-hoc tests. Two-way ANOVA analysis
using SPSS 11.0 software was employed to determine
whether there is an interaction between TBT and BaP, with
the factors being BaP and TBT.
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1.1 Chemicals

1.3 Biochemical analysis

2 Results
2.1 Influence of ethanol
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1 Materials and methods

light-dark cycle for 7 d. Cuvier were exposed to water
containing different concentrations of BaP (10, 100, 1000
ng/L, respectively), TBT (1, 10, 100 ng/L), or both in
combination of TBT+BaP (ng/L ) (0.5+5; 5+50; 50+500);
control group received an equal volume of the solvent 98%
ethanol (5 µl/L). The maintained density was individual/2
L. The mortality was 5%–15% in each tanks during whole
testing period. The water containing different concentrations of the pollutants was exchanged in half every day.
The fish were fed with fresh clam (Meretrix meretrix) meat
for 2 h to satiation before replacing the water. The clams
were collected from a pristine coast and maintained in
aerated marine water for up to 7 d prior to use. This process
was repeated every other day for 3 d before sampling.
The water temperature was maintained at 14–22°C, and
salinity 22%–24%. The fish were randomly sampled from
each treatment group after exposure for 7, 25, 50 d and
recovery for 7 and 20 d, respectively. Samples were frozen
in liquid N2 immediately after collection and stored at –
80°C before use.
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are some studies that BaP influenced antioxidant defense
systems in liver of fish (Oikari and Jimenez, 1992; Padrós
et al., 2003), and some studies show that TBT could
result in alteration of antioxidant defense systems (AlGhais and Ali, 1999; Wang et al., 2005). Antioxidant
defense systems are impacted by exposure of chemicals, and it is suggested that antioxidant defense systems
could be used as potential biomarkers to monitor marine
pollution (Van der Oost et al., 2003). Spleen, which is
an immune organ, is particularly vulnerable to chemical
contaminants. It was reported that 3-methycholanthrene induced ethoxyresorufin-O-deethylase (EROD) activity and
cytochrome P450 in spleen of Carp (Cyprinus carpio)
(Marionnet et al., 1997). In rainbow trout (Oncorhynchus
mykiss) exposed to TBT, a concentration-dependent lymphodepletion in the spleen has been reported (Schwaiger
et al., 1994). However, limited information concerning the
effects of PAHs or organotin compounds on antioxidant
defense systems in spleen of fish is available.
TBT and BaP are widespread pollutants that are often
found to be present together in many aquatic environments
under both dissolved and particulate forms, which could
interact in their effects on these biomarkers. Observations
(Padrós et al., 2000; 2003; Wang et al., 2006) about interactions between TBT and BaP reinforce the need to further
investigate the combined effects on biomarkers. However,
limited information concerning combined effects of TBT
and BaP on antioxidant defense systems in fish is available.
Accordingly, the present study was designed to expose fish
through water to BaP and TBT at environmentally relevant
concentrations for a long term.
The aims of this study were: (1) to observe the effects
of BaP or TBT on antioxidant defense systems in spleen
of fish and to assess effects of combined exposure of BaP
and TBT; and (2) to investigate the combined effect of
BaP and TBT on these antioxidative indices in spleen of
fish. It was expected that the results from these studies will
provide experimental basis with regard to whether spleen
antioxidants adaptation potentials may serve as a surrogate biomarker to the chemicals exposure. The selection
of the test animal species was based on its availability,
commercial importance (fisheries and aquaculture), and
distribution throughout the coastal waters of China.

Vol. 19

Ethanol was used as solvent in the present study. Control
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2.3 GST activity
Splenic GST activities in S. marmoratus exposed to BaP
for 7 d and to 10 ng/L or 100 ng/L of BaP for 25 d

Fig. 1 Effects of BaP, TBT, and their mixture on splenic GPx activity
in Sebastiscus marmoratus (57, 70 d represent recovered for 7, 20 d,
respectively). The results are mean ± SE; n=6–8; * P < 0.05; **P < 0.01
vs. the vehicle group.

2.4 GSH content
Splenic GSH levels in S. marmoratus exposed to BaP for
50 d were decreased and there was a significant difference
between 1000 ng/L group and control group, although
GSH levels exposed to BaP for 7 and 25 d were not
changed compared with the matched control (Fig.3). The
GSH contents in the fish exposed to TBT were decreased
with prolonged exposure and there were significant differences between TBT-treated groups and control group
for 50 d exposure. Cotreatment with 50 ng/L BaP + 5
ng/L TBT for 7 d resulted in a significant elevation in the
GSH levels, while cotreatment with BaP and TBT for 50 d
potentiated the depletion of GSH by BaP or TBT alone.
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Splenic GPx activities in S. marmoratus exposed to
100 ng/L or 1000 ng/L of BaP for 7 d were significantly
elevated by 1.36- or 1.08-fold respectively (Fig.1). However, with prolonged exposure to BaP the GPx activities
were not significantly changed compared with the matched
control. Exposure of 10 ng/L or 100 ng/L of TBT significantly induced GPx activities by 1.25- or 1.19-fold,
respectively, and with prolonged exposure to TBT, the
activities were significantly inhibited. Cotreatment with
BaP and TBT for 7 d potentiated the induction of GPx
activity by BaP or TBT alone, GPx activities in fish
exposed to the mix of BaP+TBT (ng/L) (50 + 5 or 500
+ 50 ) were elevated by 1.42- or 1.30-fold respectively.
The cotreatment for 25 and 50 d resulted in inhibition of
GPx activity, which was similar to the effect of TBT, not to
that of BaP. Cotreatment with BaP and TBT antagonized
TBT-mediated GPx inhibition. There was a significant difference between TBT+BaP groups and BaP or TBT groups
for 50 d exposure according to two-way ANOVA analysis.
The GPx activities in all exposure groups, transferred to
clean recovery tanks for 7 and 20 d, were recovered to the
level corresponding to that of the control group.

Fig. 2 Effects of BaP, TBT, and their mixture on splenic GST activity
in Sebastiscus marmoratus (57, 70 d represent recovered for 7, 20 d,
respectively). The results are mean ± SE; n: 6–8. *P<0.05, **P<0.01
vs. the vehicle group.

c.

2.2 GPx activity

were significantly elevated (Fig.2). The highest elevation
reached 2.27-fold relative to the control. However, GST
activities were not changed in S. marmoratus exposed to
BaP for 50 d compared with that of the control group.
Splenic GST activities in S. marmoratus exposed to 100
ng/L of TBT for 25 d and to the all concentrations of
TBT for 50 d were significantly inhibited. GST activities
continued to be inhibited in the fish recovered for 7 d at
10 ng/L and 100 ng/L of TBT exposure group. Although
cotreatment with the lowest concentration of BaP and
TBT for 7 d resulted in induction of GST activity, the
cotreatment with BaP and TBT principally inhibited the
GST activity, which was similar to the effect of TBT.
There was a significant difference between TBT+BaP
groups and BaP or TBT groups for 7 and 25 d exposure
respectively according to two-way ANOVA analysis. The
GST activities in TBT and the mixture exposure groups,
transferred to clean recovery tanks for 20 d, were recovered
to the levels corresponding to that of the control group.

.a

groups received an equal volume of ethanol. The results
showed that the splenic enzymes activities and GSH content were not affected by ethanol.
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Fig. 4 Effects of BaP, TBT, and their mixture on splenic MDA contents
in Sebastiscus marmoratus (57, 70 d represent recovered for 7, 20 d,
respectively). The results are mean ± SE; n= 6–8. *P<0.05, **P<0.01
vs. the vehicle group.

There was a significant difference between TBT+BaP
groups and TBT groups for 7 d, and between TBT+BaP
groups and BaP groups for 50 d exposure respectively
according to two-way ANOVA analysis. The GSH levels in
TBT and the mixture exposure groups were not recovered
to the level corresponding to that of the control group until
transferred to clean recovery tanks for 20 d.

and their mixture would not result in lipid peroxidation,
however, antioxidant defense system in spleen, such as
GPx, GST activities and GSH levels, were significant altered, which was an interesting phenomena. As an immune
organ, spleen contains a large number of macrophages.
One of the bactericidal mechanisms employed by fish and
mammalian macrophages is the conversion of molecular
oxygen into a variety of ROS, including superoxide anion
O2 − and hydrogen peroxide H2 O2 (Chung and Secombes,
1988; Secombes et al., 1992). In vitro exposure of fish
phagocytes to pollutants, including TBT, has resulted in
a variety of effects on release of ROS including stimulation (Cossarini-Dunier, 1987; Rice and Weeks, 1989),
inhibition (Wishovsky et al., 1989; Rice and Weeks, 1989)
or no significant effect (Cossarini-Dunier, 1987), with
the same chemical having opposite effects depending on
the concentration. No alteration of MDA levels in the
present study was consistent with some previous studies.
There was no effect on hydrogen peroxide production in
spleen macrophages from fish exposed to BaP, BaP injection completely inhibited the respiratory burst in spleen
macrophages (Lemaire-Gony et al., 1995). Secombes et
al. (1991, 1992) found that ROS and bactericidal activity
in spleen cells were not affected following dab (Limanda
limanda) exposed to sewage sludge. The results in the
present study implicate that spleen has an effective mechanism to counteract oxidative damages.
Splenic GST activities in S. marmoratus exposed to BaP
alone for 7 d and to the lower concentrations of BaP for
25 d were significantly induced, which is consistent with
some previous studies (Burgeot et al., 1996; Van der Oost
et al., 1996, 1998). Strangely, the GST activities in fish
exposed to 1000 ng/L of BaP for 25 d and to BaP for

Spleen is an immune organ, which is one of the targets
attacked by contaminants. It is known from mammalian
as well as fish studies that the immune system is sensitive
to the toxic effects of pollution (Anderson and Zeeman,
1995). Ethoxyresorufin-O-deethylase (EROD) activity and
cytochrome P450 contents and GST activities in spleen
were induced in carp (Cyprinus carpio) exposed to 3methylcholanthrene (3MC) (Marionnet et al., 1997, 2006).
This provides new information on the existence of detoxification potential in extra-hepatic organs. However, few
information on antioxidant defense system in spleen of
fish is available. No significant increase of MDA levels in
the present study suggest that the exposure of BaP, TBT
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3 Discussion

.a

MDA contents in spleen of S. marmoratus exposed to
BaP, TBT and their mixture were not significantly changed
compared with the matched control during the test period
(Fig.4), although there was a significant decrease at 1000
ng/L of BaP exposure for 7 d or 5 ng/L BaP + 0.5
ng/L TBT exposure for 50 d. There was a significant
difference between TBT+BaP groups and BaP groups for
50 d exposure according to two-way ANOVA analysis.
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Fig. 3 Effects of BaP, TBT, and their mixture on splenic GSH levels
in Sebastiscus marmoratus (57, 70 d represent recovered for 7, 20 d,
respectively). The results are mean ± SE; n: 6–8. * P<0.05, **P<0.01
vs. the vehicle group.
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not significantly changed, which is similar to the response
of GPx to BaP in our previous study (Wang et al., 2006).
Cotreatment with BaP for 50 d in the present study
appeared to antagonize TBT-mediated GPx inhibition.
This result indicates that interactions between BaP and
TBT could influence GPx altertion. This result may have
relevance for the use of GPx activities as indicators of
aquatic pollution by PAHs or organtins. This index should
be interpreted with caution in biomonitoring studies.

4 Conclusions
As an immune organ, spleen is sensitive to exposure
of BaP or TBT. Exposure of contaminants could induce
antioxidant potential of this organ. Spleen has an effective mechanism to protect itself from oxidative damage.
Antioxidant defense systems in spleen of Sebastiscus
marmoratus should be considered as potential biomarkers.
Although the results present here demonstrate interactions between these two widespread aquatic pollutants,
these indices could still give some indications to monitor
these pollutions. Short-term exposure of environmentally
relevant concentrations of BaP or TBT could result in
induction of antioxidant defense system. A significant
decrease of these indexes, such as GST, GPx activities and
GSH contents appear to imply more severe contamination.
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