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Polychlorinated biphenyls (PCBs) are environmentally persistent and highly toxic
organochlorine compounds that may cause toxic effects on aquatic animals. In
this study we assess the toxic effect of PCBs on a bivalve used in aquaculture, the
clam Cyclina sinensis. To this end, individuals of C. sinensis were exposed for 72 h
at two PCB concentrations (1 ng/L and 10 ng/L) and control (absence of PCBs). At
the end of the exposure, the hemolymph, hepatopancreas, and gills samples of C.
sinensis were harvested for analysis of the enzyme activity and histology. The
results showed that acute PCBs exposure decreased the survival rate of C.
sinensis compared to the control. Acute PCBs exposure up-regulated the
enzymatic activity of superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GSH-Px) and the content of malondialdehyde (MDA) in
the hemolymph of C. sinensis, while down-regulated the non-specific enzymatic
activity of alkaline phosphatase (AKP). For the hepatopancreas, 1 ng/L PCBs
exposure up-regulated the enzymatic activity of SOD while down-regulated the
enzymatic activity of CAT of C. sinensis. In the gill, the enzymatic activity of CAT
decreased significantly and the MDA content increased of C. sinensis after 10 ng/
L PCBs exposure. Moreover, histological observations showed that acute
exposure to PCBs caused loss of gill filaments and lateral cilia and shortening
of their length, in the studied organism. The present study will provide valuable
reference data for marine shellfish aquaculture and toxicology research.
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1 Introduction

Polychlorinated biphenyls (PCBs) are synthetic organochlorine
compounds consisting of 209 congeners that have been used in
hundreds of industrial and commercial applications due to their
non-flammability, chemical stability, high boiling point and
electrical insulation properties in the early years (Rudel et al., 2008;
Weis et al., 2011). However, research showed that PCBs are
environmentally persistent, highly toxic and bioaccumulate (EUA,
2000; Cao et al, 2008). Thus, concerns over the toxicity and
persistence of PCBs in the environment led to the usage of PCBs
was banned in the 1970s (Dodoo et al., 2013). Nevertheless, PCBs
continue to enter nearby waterways in most developing countries
through the uncontrolled spillage, stream transport, surface runoft
and atmospheric deposition and that accumulated through the food
pyramid (Beate and Ralf, 2004; Lin et al., 2020; Xiao et al., 2021).
Recent surveys have found that the concentration of PCBs ranges
from 15.1 to 57.9 ng/g (mean: 34.5 ng/g) in the sediment of the
Minjiang River in southern China (Zhang et al., 2003).

The most obvious signs of environmental harm caused by PCBs
are in the aquatic ecosystems (Environment Canada, 2008). Once
PCBs are released into the aquatic environment, they can be
bioaccumulate along the food chain and pose potential hazards to
other organisms and human consumers (Ashley et al., 2000; Fontenot
et al., 2000; Pruell et al., 2000; Dodoo et al., 2013). As the second
largest phylum of invertebrates, molluscs are major aquaculture
species worldwide and its aquaculture accounts for approximately
27% of the total world aquaculture production (Guo, 2009). With the
improvement of people’s understanding of the safety of aquatic
products, more and more research focus on the detection of the
accumulation level of PCBs in wild and farmed mollusk (Madureira
et al., 2014; Sun et al., 2015; Zaynab et al., 2021). Take the oysters
Crassostrea tulipa as an example, the content of PCBs in oysters
ranged from 2.95-11.41 mg/kg wet weight (Dodoo et al., 2013).
Similarly, Milun et al. (2016) reported that the concentrations of
PCBs ranged from 1.53 to 21.1(ng g"* dry weight) in the soft tissue of
bivalves. However, the studies regarding the toxic effects of PCB in
bivalves is poorly understood.

The clam Cyclina sinensis are widely distributed in the coastal
beaches and estuaries of China, Japan and North Korea, and have
been widely cultivated and proliferated in China (Ge et al., 2021;
Dong et al., 2021; Ge et al., 2022). In recent years, extensive C. sinensis
culture have been carried out in coastal areas, but diseases are
frequent, including germplasm decline, environmental pollution
and pathogenic stimulation have resulted in high mortality in this
species and resulted in huge economic losses (Liang et al., 2000; Ni
et al,, 2021). As a shellfish with typical filter-feeding behavior, PCBs
may accumulate in the gills and digestive glands of C. sinensis through
their presence in the aquatic environment and in food. Studies have
shown that when the concentration of organic contaminants in the
environment is above the toxic tolerance limit, it will have serious
negative effects on farm animals (Xiao et al.,, 2021). Several studies
have reported that the bivalves in this type of environment suffer from
increased mortality, elevated oxidative stress, immune dysfunction,
and disturbed energy metabolism (Stewart et al., 2020; Klimova et al.,
2021; Balbi et al., 2021).
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Antioxidants related to glutathione (GSH) metabolism, and
antioxidant enzymes such as superoxide dismutase (SOD) and
catalase (CAT), are current topics in biomarker in bivalves during
environmental pollutants or factors stress (Liu and Wang, 2016;
Danielli et al., 2017; Liang et al., 2022). Some hydrolytic enzymes
like alkaline phosphatase (AKP) and ACP (acid phosphatase) also
play a role in bivalve non-specific immunity because they may
accelerate phagocytosis by modifying pathogen surface molecule
(Cheng, 1978; Tang et al., 2010; Adzigbli et al., 2020; Sun et al,
2022). It has been reported that the bivalve gill is the tissue that first
comes into contact with foreign particles, which is highly susceptible
to damage from environmental pollutants (Cui et al., 2019; Teng et al.,
2021; De Campos et al,, 2021). The hemolymph and Hepatopancreas
also played key role in innate immunity or detoxification for bivalve
(Kasturi et al., 2006; Bouallegui, 2019; Zhang et al., 2019). Therefore,
the gill, hemolymph and hepatopancreas of mollusks are three target
organs that are very valuable to study in acute stress experiments.

To study the toxic effects of PCBs on the bivalves, the clams
(Cyclina sinensis) were exposed at three different concentrations of
PCBs (control, 1 ng/LPCB, 10 ng/L PCBs) for 72 h in this study. At
the end of the exposure, the hemolymph, hepatopancreas, and gills
samples of C. sinensis were harvested for analysis of the enzyme
activity and histology. These results will explore the PCBs toxicity to
C. sinensis, and this study may provide valuable reference data for
marine shellfish aquaculture and toxicology research.

2 Materials and methods
2.1 Animal and culture conditions

The C. sinensis (shell lengths: 3.5-4.1 cm; body weight: 17.5-
18.7 g) were obtained from seaside aquaculture base of Jiangsu Ocean
University, Ganyu District, Lianyungang City, Jiangsu Province,
China. The C. sinensis were transported alive to Shellfish
Laboratory of Jiangsu Ocean University, Lianyungang, China, and
maintained in cement tanks (length x width x depth=100 cm x
100 cm x 80 cm) filled with natural seawater (salinity 25 + 1 ppt).
During acclimatization, the clams were fed with microalgae
Chaeroeeros moelleri twice in the 8:30am and 18:00pm. The
microalgae Chaeroeeros moelleri was purchased from Wudi
Zaocheng Biotechnology company (Shandong, China). The water
quality was maintained at: ammonia-N<0.5 mg L™'; nitrite<0.10 mg
L™, DO>5 mg L' and pH 7.0-9.0. After acclimated for seven days,
the individual C. sinensis of similar size (body weight: 18 + 0.2g) were
selected for the following acute PCBs exposure experiments.

2.2 PCBs exposure and sampling

Polychlorinated biphenyls (P115160, 100pg/mL) were purchased
from Bilan Marine Bio-Technology company (Jiangsu, China). Prior
to the experiment, the PCBs solution was diluted using the ethanol,
the solvent control with 0.001% ethanol was used as the negative
control. The exposure experiment is divided into three groups
(control, 1 ng/L PCBs treatment and 10 ng/L PCBs treatment)
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based on a review of the literature (Dong et al., 2017; Zha et al., 2019a;
Zha et al., 2019b; Xiao et al, 2021). 63 clams were used in this
experiment and each group had three replicates. Throughout the
experiment, the seawater with PCBs was changed every 24 h to ensure
that the concentration of PCBs in each group remained invariable
during the experiment. Moreover, the number of deaths of clams was
recorded for subsequent calculation of the survival rate. The survival
rate was calculated using the following formulas:

Survival rate = Xo-X x 100 %
0
Where X is the number of final clams, X, is the number of
initial clams.

In order to study the effect of acute PCB stress on C. sinensis, we
chose the time point of 72 h exposure as the duration of the stress
experiment based on previous studies in zebrafish (Licata et al., 2019a;
Licata et al., 2019b). After PCBs exposure for 72 h, fifteen clams were
sampled randomly from each group. Approximately 500 uL
hemolymph was collected from the adductor muscle of each clams
using a sterilized syringe and placed in a 1.5 mL centrifuge tube for
the measurement of enzyme activities. The hepatopancreas and gills
from each sampled clam were divided into two sub-samples: one was
fixed in 4% Paraformaldehyde for histological sectioning, and the
remaining tissue was frozen in liquid nitrogen and stored at -40°C for
following biochemical analysis.

2.3 Determination of biochemical
parameters after acute PCBs exposure

Hemolymph samples were firstly thawed and homogenized using
an IKA homogenizer (T10B, IKA Co., Germany). The resultant
homogenates were then centrifuged at 12000 rpm for 10 min at 4°
C, and the supernatant were placed in sterile centrifuge tubes and
stored in 4°C refrigerator for subsequent measurement. Around 0.1 g
of hepatopancreas and gills was weighted and added to ice-cold
physiological saline solution in a proportion of 1:9 (w/v), and then
were homogenized using an IKA homogenizer in a 2 mL centrifuge
tube. The homogenate was then centrifuged at 10,000 rpm for 10 min
at 4°C, and the supernatant phase was taken and stored at 4°C for
later analysis. The same volume of supernatant phase from each
sample at the same replicate tank were pooled and mixed prior to later
analysis. Thus, three pooled samples for each treatment were detected
in this study.

The activities of superoxide dismutase (SOD, A001-3), catalase
(CAT, A007-1), glutathione peroxidase (GSH-Px, A005-1), acid
phosphatase (ACP, A060-2), alkaline phosphatase (AKP, A059-2)
and malondialdehyde (MDA, A003-1) content in the gill,
hemolymph and hepatopancreas were analyzed with a
spectrophotometer and corresponding detection kits (Nanjing
Jiancheng Biological Product, China) according to the
manufacturer’s guidelines. The total protein contents of the
tissue samples were determined using a Coomassie Brilliant Blue
Total Protein Assay Kit (Nanjing Jiancheng Bioengineering
Research Institute, Nanjing, China). The enzyme activities in the
gill and hepatopancreas were expressed as enzyme unit perprotein
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(U/mg), while the enzyme activities in the hemolymph were
expressed as enzyme unit permilliliter (U/mL).

2.4 Histologic observation of gills and
hepatopancreas after acute PCBs exposure

The gills and hepatopancreas were fixed in 4% Paraformaldehyde
for 24 h and then dehydrated in ascending concentrations of ethanol
solutions, cleared in xylene and embedded in paraffin wax. Embedded
tissues were cut into 6-um-thick sections using a rotary microtome
(Leica RM2125RTS, Leica Microsystems, Bannockburn, IL, U.S.A.).
Sections of gills and hepatopancreas were stained with hematoxylin-
eosin for observation under a light microscope (Nikon, Japan)
equipped with an automated Leica digital camera system (Nikon,
Japan and image manager software (Nikon, Japan). The gill filament
and lateral cilia length of C. sinensis were measured with Image J 1.8.0
software. 5 individuals and 15 sections in each group were randomly
selected for histological observation. The histological structure of the
gills and hepatopancreas of C. sinensis according to the previous study
(Cui et al., 2005; Teng et al., 2021; Liang, 2022). Specifically, the gill
filaments are arranged parallel, wider on the outside, thinner on the
center and inside, and the outer 1/3 to 1/2 of the gill filaments are
covered with a single layer of columnar epithelium, and the lateral
cilia are longer. Interfilament connections are covered with cuboidal
or flattened epithelium, with abundant connective tissue under the
epithelium. The hepatopancreas of clam is composed of multiple
blind-end tubules with walls consisting of four kinds of cells: the
embryonic cell (E cell), blister-like cell (B cell), resorptive cell (R cell)
and fibrillar cell (F cell).

2.5 Data analysis

Data were presented as the mean * standard error (SE).
Homogeneity of the variance of relevant data was tested with
Levene’s test. When necessary, an arcsine-square root or
logarithmic transformation was performed prior to analysis. One-
way ANOVA and Duncan’s multiple range determine significant
differences between groups. All statistical analysis was performed
using SPSS 19.0 statistical software (IBM, USA). The level of
significance was set to P< 0.05. The graphs are drawn by software
Graphpad Prism 9 (Graphpad Software Inc., USA).

3 Results

3.1 Impacts of acute PCBs exposure on C.
sinensis survival rate

As shown in Figure 1, the survival rate of C. sinensis after acute
PCBs exposure was decreased. The results showed that the lowest
survival rate of 81% for the 10 ng/L PCBs group and the highest
survival rate of 95% for the control group. There was no significant
difference in the survival rate of C. sinensis among the three
treatment groups.
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FIGURE 1

Survival rate of C. sinensis under different concentrations of PCBs
exposure for 72h.

3.2 Impacts of acute PCBs exposure on
the non-specific immunity and
antioxidant capability

To investigate the effects of acute PCBs exposure on antioxidant
capability and non-specific immunity of C. sinensis, the activities of
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Effect of PCBs on the antioxidant capacity in the hemolymph of C. sinensis. The columns with different letter indicate significant difference (P< 0.05)
SOD: superoxide dismutase; CAT: catalase; MDA: malonaldehyde; GSH-Px: glutathione peroxidase.
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SOD, CAT, GSH-Px and MDA content in hemolymph,
hepatopancreas and gills were detected. The results further showed
that the SOD activity in the hemolymph of C. sinensis increased
gradually with the increasing of PCBs concentration (Figure 2A).
Compared to the control group, the CAT, MDA, GSH-Px in the
hemolymph increased significantly in 1 ng/L PCBs group
(Figures 2B-D). As shown in Figure 3, the hepatopancreatic SOD
activity of C. sinensis showed a trend of first increasing and then
decreasing after acute PCBs exposure. Compared to the control
group, the hepatopancreatic CAT, MDA and GSH-Px decreased in
a dose-dependent manner by PCBs groups (Figures 3B-D). In the
gills, the SOD, MDA and GSH-Px a trend of first decreasing and then
increasing followed by an increase with PCBs concentration, while
there was no significant difference among the three groups
(Figures 4A, C, D). However, the CAT activity in the gills decreased
significantly with the ascending of PCBs concentration
(Figure 4B, P<0.05).

The enzyme activities of ACP and AKP in hemolymph and
hepatopancreas after acute PCBs exposure have also been
examined. In the hemolymph, no observable changes were evident
in the ACP activity among the three groups (Figure 5A). However, the
enzyme activity of AKP in the PCBs treatments significantly lower
than that of the control group (Figure 5B). As shown in Figures 5C, D,
after 72 h PCBs exposure, the activities of ACP and AKP in the
hepatopancreas decreased gradually in comparison to the control,
while there was no significant difference among the different groups.
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Effect of PCBs on the antioxidant capacity in the hepatopancreas of C. sinensis. The columns with different letter indicate significant difference (P< 0.05).
SOD: superoxide dismutase; CAT: catalase; MDA: malonaldehyde; GSH-Px: glutathione peroxidase.
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33 Histo[ogica[ effect of acute PCBs lumen of C. sinensis gradually shrinks with the increase of PCBs
exposure on gills and hepatopancreas concentration (Figure 7).

Compared with the control group, with the increase of PCBs 4 Discussion
concentration, the gill plate gap gradually widened and the tissue
structure was incomplete and appeared to be detached and defective In this study, the relationship among the survival rate, non-
of C. sinensis (Figure 6). After 72 h PCBs exposure, most of the gill ~ specific immunity antioxidant capability, histology and
filaments and lateral cilia in the clam gills in the 10 ng/L PCBs group ~ concentrations of PCBs were investigated using clams, Cyclina
were shed, and the connective tissue inside the columnar cells on the  sinensis, as the experimental animal. The results are envisaged to
gills basically disappeared (Figure 6C). Meanwhile, the length of gill ~ be important towards increasing knowledge of physiological
filament and lateral cilia of C. sinensis in the 10 ng/L PCBs group were  response in the C. sinensis, and also shading some lights on the
significantly shorter than those in the control group (Table 1). possible ecotoxicological effects of PCBs contamination in effluent

The histological results showed that the number of blister-like ~ seawaters. PCBs are frequently detected in aquatic environments,
cells in the hepatopancreatic ducts tended to increase with increasing ~ which particularly toxic to fishes and invertebrates and are fatal to
PCB concentration, but there was no significant difference between  these animals in even small concentrations (McGraw-Hill, 1987;
the groups (Figure 7). Furthermore, the hepatopancreatic tubular ~ Encyclopedia, 2003). Previous studies showed that the toxicity of

FIGURE 6
Histological changes in the gills of (C) sinensis under different concentrations of PCBs. Notes: (A) control; (B) 1ng/L PCBs group; (C) 10 ng/L PCBs group;
GF: qill filament; LC: lateral cilia.
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TABLE 1 The Gill filament and Lateral cilia length of C. sinensis after
exposure to different concentration of PCBs for 72 h. (N=5).

Groups Gill filament length(um) = Lateral cilia length(um)
Control 124.4 + 5.4° ‘ 10.8 + 1.3°
Ing/L PCBs 863 +3.7° ‘ 72+15°
10ng/L PCBs 532+ 4.1° ‘ 5.8+ 1.2°

Values are presented as mean + SE. Different superscript letters within a same column indicate
significantly different (P< 0.05).

PCBs is thought to be solely mediated through binding to aryl
hydrocarbon receptor, AhR (Safe et al., 1985; Yuan et al., 2014).
Thus, the adverse effects of PCBs in mammal were reported such as
hepatotoxicity, endocrine effects, immunotoxicity, body weight
loss, teratogenicity and carcinogenicity (Yuan et al., 2014).
Recently, several studies reported that PCBs treatment
significantly decreased the survival rate of aquatic animals (He
et al.,, 2010; Adams et al., 2016; Xiao et al., 2021). In present study,
the survival rate of C. sinensis also decreased after exposure to PCBs
for 72 h, further indicating that PCBs have toxic effects on aquatic
organisms even in the low concentration (Berg et al., 2011; Gard
et al., 2021).

Identifying how environmental pollutants reduce the antioxidant
capacity and innate immunity of farmed animals has become an
important topic in the aquaculture research (Xiao et al., 2021). Several
studies have reported that the bivalves in organic pollutants of
environment suffer from elevated oxidative stress, immune
dysfunction, and disturbed energy metabolism (Stewart et al., 2020;
Klimova et al., 2021; Balbi et al., 2021). Therefore, in order to protect
themselves, the activities of enzymes related to the antioxidant system
in the organism are altered in response to oxidative stress (Karakoc
et al,, 1997). As the important intracellular primary antioxidant
enzymes, SOD neutralizes O, and converts it into the less reactive
H,0,, while CAT catalyses the conversion of H,O, to water and
molecular oxygen during the process of ROS elimination (Valko et al.,
2006; Newsholme et al, 2016). GSH-Px catalyse the removal of
hydroperoxides using the tripeptide glutathione as reducing
substrate (Duan et al,, 2015). MDA is formed as a byproduct
caused by oxidative stress, which is generally used as a biomarker
for oxidative damage (Lopes et al., 2001; Aldini et al., 2010). In this
study, PCBs exposure up-regulated the enzymatic activities of SOD,

FIGURE 7

Histological changes in the hepatopancreas of (C) sinensis under different concentrations of PCBs. Notes: (A) control; (B) 1ng/L PCBs group; (C) 10 ng/L

PCBs group. B: blister-like cell; F: fibrillar cell; R: resorptive cell.
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CAT and GSH-Px and the content of MDA in the hemolymph of C.
sinensis, indicating that hemolymph is very sensitive to PCBs
exposure and that it mobilizes a variety of antioxidant enzymes to
cope with the oxidative damage caused by PCB to maintain biological
homeostasis. Similarly, He and Chen (2010) reported that PCBs
treatment significantly increased the enzymatic activities of SOD,
CAT and GSH-Px and the content of MDA in the mudskipper
Boleophthalmus pectinirostris compared to the control group. Feng
et al. (2019) reported that the PCBs treatment significantly increased
the enzymatic activities of SOD, CAT and the content of MDA in the
hemolymph of Chinese mitten crab Eriocheir sinensis. Moreover, the
enzymatic activity of CAT decreased significantly and the MDA
content increased in the gills of C. sinensis after 10 ng/L PCBs
exposure, indicating that PCBs treatment caused the body to
produce excess ROS, which in turn damaged the gills and reduced
enzyme activity (Cheng et al, 2020; Cheng et al., 2021). For the
hepatopancreas, 1 ng/L PCBs exposure up-regulated the enzymatic
activity of SOD while down-regulated the enzymatic activity of CAT
of C. sinensis. It was speculated that the hepatopancreas is under low
oxidative stress and it can eliminate damage caused by PCBs by
regulating the balance of the oxidative system in the hepatopancreas
(Vieira et al,, 2012; Zheng et al., 2016). The low content of MDA in
the hepatopancreas also further indicated that the antioxidant
enzymes alleviate oxidative stress, and thereby were likely to have
limited the accumulation of MDA (Han et al., 2014).

The innate immune response of marine bivalve molluscs is the
main immune system against the stressful conditions (Pourmozaffar
etal,, 2019). In this study, non-specific immune-related enzymes ACP
and AKP were studied to assessment the non-specific immune
response to PCBs stress of C. sinensis. ACP and AKP, important
lysosomal marker enzymes, played an important role in non-specific
immune responses and were often used as indicators to evaluate the
immune status of organisms (Rahman and Siddiqui, 2004; Ma et al.,
2013; Liang et al., 2014). In bivalve’s species, the activities of ACP and
AKP is often measured to evaluate their immune response to adverse
environmental and biological factors, such as heat, pH, temperature,
heavy metals and virus, etc (Tang et al.,, 2010; Hu et al,, 2015; Yang
et al.,, 2019; Adzigbli et al., 2020; Xu et al.,, 2021; Yang et al., 2021).
Moreover, a previous study in crustacean have shown that the enzyme
activities of ACP were decreased in the hemolymph after PCBs
treatment (Feng et al,, 2019). In agreement with previous results,
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this study also found that the enzymatic activities of AKP and ACP in
the hemolymph and hepatopancreas decline after acute PCBs
exposure, indicating that PCB damages the non-specific immune
system of C. sinensis through inhibited the enzymatic activities of
AKP and ACP.

Gill is the respiratory organ as well as the feeding organ of
shellfish. Shellfish can filter food, transport food particles, conduct
gas, ion exchange and other activities through gill structures, such as
cilia (Li, 2008; De Campos et al., 2021). Biotransformation of organic
xenobiotics, excretion of harmful trace metals and food digestion and
storage are the main hepatopancreas functions (Hinton et al., 2001;
Zhang et al., 2019). Besides the measurement/evaluation of chemical
and physical parameters, evidence arising from histo-cytopathological
examinations has been increasingly recognised as valuable tool to
evaluate the impact of pollutants on aquatic animals (Au, 2004;
Carballeira et al., 2011; Sikdokur et al., 2020). Thus, PCBs exposure
caused histological changes in the gills and hepatopancreas of clams
was also investigated in this study. Based on the histological analysis
generated in this study, it was shown that PCBs expose caused the gill
plate gap widened and tissue structure appeared to be detached and
defective of C. sinensis. These results indicate that PCBs impacts
physiological metabolism also by causing damage to structure of gills.
Differently to what reported in crustaceans, the present study showed

10.3389/fmars.2023.1076870

that histological structure of the hepatopancreas in the PCBs
treatments of C. sinensis did not show significant changes
compared to the control group. The possible reasons for the
contradictory results on the PCBs may related to the period of
exposure experiment (Feng et al., 2019; Xiao et al., 2021).

5 Conclusion

This study investigated the effect of acute PCBs exposure on the
survival, non-specific immunity, antioxidant capability and
histology of the C. sinensis. The results showed that acute PCBs
exposure down-regulated the survival rate, the CAT activity and
MDA content in the hepatopancreas, while up-regulated the CAT,
SOD, GSH-Px activities and MDA content in the hemolymph of C.
sinensis. Moreover, PCBs exposure caused the gill plate gap widened
and tissue structure appeared to be detached and defective of C.
sinensis, and down-regulated the CAT activity in the gills (Figure 8).
These data will provide valuable reference data for further
understanding the effects of PCBs on marine shellfish toxicology.
In the future, tailored studies on the toxicological mechanisms of
PCBs regulating the physiological metabolism of shellfish are
therefore warranted.

FIGURE 8

peroxidase. AKP: alkaline phosphatase; ACP: acid phosphatase.

Frontiers in Marine Science

Schematic of the effects of acute PCBs exposure on the histological changes of the gills, and antioxidant capacity and non-specific immunity response
of hemolymph as well as hepatopancreas of C. sinensis. SOD: superoxide dismutase; CAT: catalase; MDA: malonaldehyde; GSH-Px: glutathione
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