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Abstract: 	 The biochemical reactions of zebra mussels Dreissena polymorpha (Pallas, 1771) exposed to different 
concentrations of cadmium (Cd) in the acute period (24 and 96 hours after treatment) were studied. Four 
variants of experimental treatment were examined: 0 μg/L Cd (control), 10 μg/L Cd, 20 μg/L Cd and 40 
μg/L Cd. Changes in the enzyme activities of superoxide dismutase (SOD), catalase (CAT), glutathione 
peroxidase (GPx), glutathione (GSH) and thiobarbituric acid reactive substances (TBARS) levels were 
determined using ELISA kits. In D. polymorpha exposed to the three experimental concentrations of 
cadmium, there was a statistically significant decrease (p<0.05) in SOD enzyme activity with increasing 
concentration or exposure times. No change was observed in CAT enzyme activity with increasing con-
centrations. The decrease in the activity depending on the exposure times was not statistically significant 
(p>0.05). As for GPx enzyme activity, a significant increase was detected after Cd application compared 
to the control (p<0.05). TBARS and GSH levels increased significantly in all Cd application groups com-
pared to the control at 24 and 96 hours. The effects of different concentrations of Cd on D. polymorpha 
in the acute period were associated with changes in SOD, CAT, GPx enzyme activities. TBARS and GSH 
levels were effective parameters in determining the oxidative damage caused by Cd.
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Introduction
Chemicals used in industry, agriculture and animal 
husbandry as well as available in domestic waste 
pollute a large part of vital water resources. For this 
reason, it is essential to reveal the risks for water 
resources and to take the necessary precautions. In 
recent years, industry, agriculture and animal hus-
bandry have been developing rapidly to meet the 
needs of the increasing population around the world, 

resulting in increased emission of by-products and 
waste in the environment, thus threatening the entire 
ecosystem. These pollutants mix with surface water 
and groundwater, disrupt the ecosystems and affect 
the organisms living in them, thus causing also eco-
nomic losses. Therefore, it is important to determine 
the effect of these chemicals on the ecosystems.

The half-life of cadmium (Cd) in the environ-
ment varies between 10 and 25 years. Cadmium is 
found in nature in the form of CdS, which is fre-
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quently present in zinc ore. Metallic cadmium has a 
wide use because it is resistant to corrosion. Cadmi-
um is the heavy metal with the highest solubility in 
water. Due to this solubility, its diffusion rate is rela-
tively high. Cd+2 ions are taken by organisms and ac-
cumulate in biological systems (Duffus 1980). Cad-
mium, as a heavy metal pollutant, has toxic effects 
and is harmful even at low concentrations (Katalay 
& Parlak 2002, Asri et al. 2007).

Antioxidants provide a crucial mechanism for 
protecting against harmful reactive oxygen species 
(ROS) or healing oxidative damage (Dorval & Hon-
tela 2003). Pollution of water with metal ions is a 
worldwide environmental problem. Heavy metals 
such as cadmium are released into the environment 
by various industries, reaching streams and rivers 
through runoff from unregulated waste disposal 
(Nriagu et al. 1998). Cadmium is a highly toxic heavy 
metal causing harmful effects on organisms, even at 
low-level concentrations (Cope et al. 1994). Besides 
various toxic effects of cadmium, its accumulation 
in the liver (Novelli et al. 1998), kidney (Klaassen 
& Liu 1997, Novelli et al. 1998) and testicles (Shen 
& Sangiah 1995) has also been reported. Oxygen 
is an essential element for aerobic metabolism as 
it is the terminal acceptor of electrons in oxidative 
phosphorylation. However, in cases of cadmium ex-
posure (Novelli et al. 1998), the electron flow can 
be disrupted, resulting in the production of reactive 
oxygen species (ROS). Reactive oxygen species, 
superoxide anion (O2

-), hydroxyl radicals (OH) and 
hydrogen peroxide (H2O2) can cause widespread 
damage to cells, such as lipoperoxidation of poly-
unsaturated membrane lipids. Lipoperoxidation is a 
chain reaction mediated by free radicals. Oxidative 
stress, defined as an imbalance between oxidants and 
antioxidant defences (Nishiyama et al. 1998), may 
be associated with both cadmium exposure and tis-
sue damage. Additionally, it serves as a catalyst for 
xenobiotics, superoxide dismutase (SOD), catalase 
(CAT) and glutathione peroxidase (GPx) enzymes. 
Typically, the cell antioxidant balance is upheld by 
a mixture of diminutive antioxidant molecules, such 
as SOD, GST and CAT enzymes (Glass et al. 1985). 
Heavy metal-derived pollutants allow oxidative 
stress to occur by disrupting the normal function-
ing of the damage to antioxidant enzyme systems in 
organisms (Dimitrova et al. 1994). Reactive oxygen 
forms are harmful for the body because they react 
with cellular components, resulting in the oxidation 
of lipids, proteins and DNA. This process leads to 
the deactivation of enzymes, tissue damage, rupture 
of cell membranes, mutations and, ultimately, cell 
death (Vutukuru et al. 2006).

Mussels accumulate pollutants and potentially 
toxic substances such as heavy metals in their bodies. 
When the pollutant levels in their bodies are meas-
ured, they reflect the pollution of the environment 
(Phillips 1980). Zebra mussels, which are also con-
sidered an invasive species, have a very wide habitat 
tolerance. They can adapt to hunger, drought, high-
temperature differences and changes in the phys-
icochemical properties of water (dissolved oxygen, 
pH, hardness, etc.) (Bobat et al. 2001). Due to these 
characteristics, mussel species in particular are used 
extensively in determining aquatic environment pol-
lution (UNEP 1993). They feed by filtering water, 
respond quickly to pollutants, have no economic 
value and are easy to access. For all these reasons, 
Dreissena polymorpha was chosen as a model or-
ganism and was investigated in terms of oxidative 
stress and antioxidant against cadmium (Cd).

In order to determine the effect of increasing in-
dustrial pollution on aquatic organisms, the present 
study aims to determine the effect of Cd on organ-
isms in laboratory conditions using D. polymorpha 
as a model organism. In addition, it is expected that 
the effect of the biochemical response studied in the 
model organism used in the present study may help 
in prognoses of the effect of the pollutant on various 
organisms exposed to Cd in the environment, thus 
allowing planning future studies.

Materials and Methods
Model organism
Model organisms (Dreissena polymorpha) were 
collected from the Euphrates River (38°48′ 09′′N, 
38°43′ 51′′E). They were brought to the aquaculture 
laboratory in ventilated plastic containers. During 
adaptation, organisms were observed daily for one 
month. To optimize environmental conditions, the 
bioanalysis environment was kept at constant tem-
perature (20±1°C) with a thermostat air conditioner. 
Ambient lighting was set to 14 : 10 hours dark : light. 
In order to be used in the study, we selected speci-
mens of the similar size out of those in the stock 
tank. Morphometric data of the mussels used in the 
study were as follows: weight  =  1.092  ±  0.27  g, 
length = 20.276 ± 2.09 mm, width = 10.13 ± 0.94 
mm and height = 9.741 ± 1.07 mm).

Adaptation of the model organism
Deissena polymorpha samples brought to the labora-
tory alive were placed in pools prepared to resemble 
their natural environment. Under laboratory light-
ing, a photoperiod of 12 hours of light and 12 hours 
of darkness was applied (Serdar 2021). The ambient 
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temperature was kept constant at 23°C during both 
the adaptation and test phases using the thermostat 
air conditioner. Cultured phytoplankton was used to 
feed D. polymorpha.

Experimental design
For biochemical experiments, the concentrations 
applied to the trial groups were determined taking 
into account the availability of Cd in natural wa-
ters according to the Intra-Continental Water Qual-
ity Regulation (Su Kirliliği Kontrolü Yönetmeliği, 
SKKY, Turkiye). Four groups were formed, one of 
which was the control group. These groups were: C0 
group 0 μg/L Cd; C1 group 10 μg/L Cd; C2 group 
20 μg/L Cd; C3 group is 40 μg/L Cd. The organisms 
were exposed to the determined Cd concentrations 
in the formed groups. The samples taken to deter-
mine their biochemical responses at 24 and 96 hours 
were stored at -80 ºC.

Biomarkers
To determine the biochemical response, SOD, CAT, 
and GPx enzyme activities as well as thiobarbi-
turic acid reactive substances (TBARS) and glu-
tathione (GSH) levels were determined. SOD (Cat. 
No 706002), CAT (Cat. No 707002), GPx (Cat. No 
703102), TBARS (Cat. No 10009055) and GSH (Cat. 
No 703002) kits were purchased from Cayman Chem-
ical Company, USA. Statistical analysis was carried 
out using the SPSS 24.0 statistical program. The sta-
tistical difference between different groups (C0 – con-
trol, C1, C2, C3) within the same application period 
was determined by the DUNCAN test. The difference 
between application times (24 and 96 hours) was de-

termined by two independent tests (Sümbüloğlu & 
Sümbüloğlu 1998, Kalaycı et al. 2010).

Results
Morphometric data of the mussels used in the 
study were as follows: weight  =  1.092  ±  0.27 g, 
length = 20.276 ± 2.09 mm, width = 10.13 ± 0.94 
mm and height = 9.741 ± 1.07 mm). 

Changes in SOD activity were determined in 
D. polymorpha exposed to different Cd concentra-
tions (Fig. 1). Statistically significant differences 
were detected in SOD activity at the 24th and 96th 
hours compared to the control (p <0.05). Due to the 
increase in concentration, the maximum decrease 
was found to be at 96 hours and 20 µg/L Cd con-
centration. Concerning the CAT activity (Fig. 2), 
there was no statistically significant difference of the 
activities between the control at the 24th and 96th 
hours experiments (p>0.05) as well as between the 
increasing concentrations. Changes in GPx activity 
(Fig. 3) showed a statistically significant increase 
(p<0.05) after 24 h. However, there was no statisti-
cally significant change (p>0.05) in the increasing 
concentration groups compared to the control during 
the 96-hour exposure period. Changes in TBARS 
levels as a marker for lipid peroxidation (LPO) were 
determined in D. polymorpha exposed to different 
Cd concentrations (Fig. 4). It was determined that 
TBARS levels increased statistically significantly at 
both the 24th and 96th hours compared to the con-
trol (p<0.05). It increased due to the increase in con-
centration. The highest increase was detected at 40 
µg/L, i.e. in the most concentrated group. Changes 

Fig. 1. Effect of Cd on SOD activity in Deissena polymorpha. The letters above the bars are statistically significant 
(p<0.05). Duncan 5% confidence interval.

1 
 

 

 
 

Fig. 1. Effect of Cd on SOD activity in Deissena polymorpha. The letters above the bars are statistically 
significant (p<0.05). Duncan 5% confidence interval. 
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in GSH levels in D. polymorpha exposed to different 
Cd concentrations (Fig. 5) demonstrated that GSH 
levels increased statistically significantly at the 24th 
and 96th hours compared to the control (p<0.05). 
The highest increase was detected at 40 µg/L Cd 
(the most concentrated group).

Discussion
Since mussels are filter-feeders, they can accumu-
late high levels of xenobiotic substances in their tis-
sues. For this reason, they are a group of organisms 
used as biomarkers in monitoring studies in the field 
of ecotoxicology. These effects can be observed in 

the form of physiological, behavioural, cellular, 
biochemical and molecular changes (Faggio et al. 
2018). Aquatic toxicity studies in this context are 
conducted to ascertain the concentration at which 
a contaminant causes harm to aquatic organisms 
(Karataş 2005).

Pollution in aquatic environments can lead to 
harmful effects, such as lipid peroxidation by in-
creasing the generation of reactive oxygen species 
(ROS) due to an imbalance between ROS concen-
tration and the antioxidant defence system (Regoli 
et al. 2004). The activity of important antioxidant 
enzymes and the levels of non-enzymatic antioxi-
dants are affected by several individual pollutants 
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Fig. 3. Effect of Cd on GPx activity in Deissena polymorpha. The letters above the bars are statistically 
significant (p<0.05). Duncan 5% confidence interval. 

  

Fig. 2. Effect of Cd on CAT activity in Deissena polymorpha. The letters above the bars are statistically significant 
(p<0.05). Duncan 5% confidence interval.
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Fig. 2. Effect of Cd on CAT activity in Deissena polymorpha. The letters above the bars are statistically 
significant (p<0.05). Duncan 5% confidence interval. 

  

Fig. 3. Effect of Cd on GPx activity in Deissena polymorpha. The letters above the bars are statistically significant 
(p<0.05). Duncan 5% confidence interval.
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that are known to raise levels of ROS (Valko et al. 
2006, Ryter et al. 2007, Serdar et al. 2021). Oxida-
tive stress is defined as the imbalance in the anti-
oxidant defence mechanism of the aerobic organism 
due to excessive ROS production caused by xenobi-
otics. Antioxidant and biotransformation enzymes, 
including SOD, CAT, GPx and Glutathione S-
transferase (GST), protect organisms against ROS. 
Various environmental pollutants can exert toxicity 
through the induction of oxidative stress.

Lipid peroxidation is a reliable measure of oxi-
dative harm to cellular components and is the initial 
stage in the degradation of cellular membranes. It is 
triggered by pesticides, metals and other substances 

(Gamble et al. 1995, Regoli et al. 1998). Duman & 
Kar (2015) reported that the accumulation of Cd 
in organisms led to an increase in TBARS content, 
which was dependent on the concentration and pe-
riod of exposure. Serdar et al. (2019) reported that 
there was an increase in TBARS levels in the model 
organism Gammarus pulex exposed to Cd with in-
creasing concentration and exposure time. Chandran 
et al. (2005) examined the methods for altering the 
TBARS levels of Cd and Zn in Achatina fulica; ac-
cording to their data, the levels of TBARS rose as 
the concentration of Cd increased. 

Batmaz (2019) investigated the biochemical ef-
fect of the zinc pyrithione (ZnPT) on the model organ-
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Fig. 4. Effect of Cd on the TBARS levels in Deissena polymorpha. The letters above the bar are statistically 

significant (p<0.05). Duncan 5% confidence interval. 
  

Fig. 5. Effect of Cd on the GSH levels in Deissena polymorpha. The letters above the bar are statistically significant 
(p<0.05). Duncan 5% confidence interval.

Fig. 4. Effect of Cd on the TBARS levels in Deissena polymorpha. The letters above the bar are statistically significant 
(p<0.05). Duncan 5% confidence interval.
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Fig. 5. Effect of Cd on the GSH levels in Deissena polymorpha. The letters above the bar are statistically 
significant (p<0.05). Duncan 5% confidence interval. 
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ism Dreissena polymorpha. He reported that TBARS 
levels as a marker for lipid peroxidation in the gills 
and digestive gland were higher in the experimental 
group than in the control group. It was concluded that 
ZnPT taken from the water environment caused lipid 
peroxidation in gill cells. Since the digestive gland is 
responsible for the detoxification of xenobiotic sub-
stances taken into the body, they concluded that lipid 
peroxidation occurs in the digestive gland cells when 
the cells are exposed to this substance. 

In the present study, we found that the TBARS 
level in Cd concentration data in D. polymorpha 
increased depending on time and concentration. 
Similar studies have shown that metals can overpro-
duce ROS through depletion of excess sulfhydryl 
groups, LPO and DNA damage (Stohs & Bagchi 
1995). However, antioxidant enzymes (SOD and 
GPx) can reduce ROS and, therefore, ultimately re-
duce oxidative damage, which is consistent with this 
study. SOD and GPx activities in organisms are sig-
nificantly stimulated by pollutant exposure (Wang 
& Wang 2010). In this study, Cd exposure may 
force D. polymorpha to suffer from oxidative stress 
through ROS excess and the organism may initiate 
antioxidant systems to counteract this stress in turn. 
This suggests that lipid peroxidation damage occurs 
in membrane lipids due to the oxidative stress.

Batmaz (2019) determined that the glutathione 
(GSH) levels in the digestive gland and gill tissues 
of the freshwater mussel Unio mancus eucirrus, 
which was exposed to sublethal zinc pyrithione for 
96 hours, increased significantly (p<0.05) compared 
to the control. He stated that the increase in reduced 
glutathione levels, which is the main antioxidant and 
cell defence mechanism, showed the negative effect 
of ZnPT on cellular antioxidant defence mecha-
nisms. During metal exposure, GSH is in an inhibi-
tory state. Moreover, its antioxidant and detoxifier 
response is faster than enzymes such as SOD, GPx 
and GST (Wang & Wang 2010). GSH can under-
take the initial defence against metal attack by di-
rect complexation with metal or by the participation 
of GPx or GST in the detoxification process (Sies 
1999). Similarly, some authors attribute the toxic ef-
fects of Ni to a decrease in cellular GSH and a con-
comitant increase in GSSG, altering the redox state 
of cells. Thus, GSH/GSSG may be a suitable bio-
marker for oxidative stress or injury in biological or-
ganisms (Hwang et al. 1992). Moreover, the strong 
positive correlation of GSH level with the GSH/
GSSG ratio suggests that the remarkable depletion 
of GSH may reflect the oxidative state caused by 
pollutant attack associated with interfering with the 
cellular redox state (Wang & Wang 2010).

SOD is a group of metalloenzymes that play 
a key role in protecting aerobic organisms from the 
harmful effects of superoxide radicals. SOD cataly-
ses the conversion of superoxide radicals into hy-
drogen peroxide (H2O2) and oxygen (O2), which is 
essential for the antioxidant system. This process 
is crucial for maintaining cellular health and pre-
venting oxidative damage (Kappus 1985, Kohen 
& Nyska 2002). The study by Cheung et al. (2001) 
confirmed that the presence of xenobiotics leads to 
an increase in antioxidant activity. Chandran et al. 
(2005) examined the enzyme activities of Achatina 
fulica by exposing it to Cd and Zn; they found that 
there were decreases in the SOD activities of organ-
isms exposed to Cd compared to the control. Duman 
& Kar (2015) reported that there were significant 
changes in SOD activity in the Gammarus pulex ex-
posed to Cd. Pandey et al. (2008) reported that SOD 
activity decreased in Channa punctata exposed to 
multiple trace metals applied in increasing concen-
tration groups and compared to the control group. 
Many studies reported decreases in SOD activity 
in aquatic organisms exposed to various pollutants 
(Tutuş 2016, Tunca 2017, Tatar et al. 2018, Serdar et 
al. 2018). In this study, it was observed that SOD ac-
tivity decreased in D. polymorpha after exposure to 
Cd and this depended on the concentration increase 
and the exposure time.

The CAT enzyme is ubiquitous in aerobic or-
ganisms. It facilitates the breakdown of hydrogen 
peroxide, leading to the production of water and 
oxygen (Chelikani et al. 2004). The upregulation of 
these antioxidant enzymes is essential for reducing 
cellular damage (Rajeshkumar et al. 2013). Con-
versely, the activity of CAT may either rise or fall 
in polluted surroundings, depending on the specific 
material present (Sobjak et al. 2017). Prior research 
has indicated that reactive oxygen species (ROS) 
can impede catalase (CAT) activity (Kono & Fri-
dovich 1982, Escobar et al. 1996, Duman & Kar 
2015). The investigation revealed that the activity of 
CAT rose as the concentration increased. However, 
it was determined that this rise was not statistically 
significant (p>0.05). The antioxidative stress activ-
ity can differ based on factors such as gender, physi-
ological stage and species (Felten et al. 2008, Zhang 
et al. 2011). Nevertheless, it was discovered that 
the concentration and duration of Cd exposure also 
modify the activity of antioxidative stress (Duman 
& Kar 2015). Additionally, it was shown that brief 
exposure to organic chemical contaminants results 
in the activation of antioxidant enzymes in aquatic 
creatures. Nevertheless, the activity of CAT was ad-
versely impacted by compounds that stimulate re-
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dox cycling (Pandey et al. 2008, Rajeshkumar et al. 
2013). Serdar et al. (2019) reported that statistically 
significant increases were detected in CAT activity 
in the model organism Gammarus pulex exposed to 
Cd compared to the control with increasing concen-
tration and exposure time. The study found that the 
activity of the CAT enzyme was hindered in organ-
isms that were subjected to stress from exposure to 
Cd. The literature on the activity of this enzyme re-
veals that potential antioxidant variations can be ex-
plained by factors such as species and environments 
(Glusczak et al. 2007).

GPx is a constituent of an intricate system that 
defends against harmful oxidizing agents. Its reac-
tion is probably linked to the reactions of other en-
zymes and chemicals that scavenge for these harm-
ful agents. However, its activation may serve as a 
sign of protection against oxidative stress (Tsangaris 
et al. 2007). The decrease in GPx activity could in-
dicate the ineffectiveness of the antioxidant system 
when exposed to pollution (Ballesteros et al. 2009) 
or could be attributed to the direct impact of super-
oxide radicals or pollutants on the production of the 
enzyme (Bainy et al. 1993). The study found that the 
level of Cd exposure in D. polymorpha rose as the 
exposure period and concentration of Cd increased 
compared to the control group. The observed vari-
ations in GPx activity in this study align with the 
findings by Kutlu & Susuz (2004). Serdar et al. 
(2019) reported that there was a decrease of GPx 
activity in Gammarus pulex exposed to Cd (com-
pared to the control with increasing concentration 
and exposure time). Zhang et al. (2011) reported that 
CAT activity increased with Cd exposure and this 
increase suppressed the increase in GPx. Wang & 
Wang (2010) determined the response of GPx ac-
tivity in the copepod Tigriopus japonicus exposed 
to Ni concentrations; they reported that a significant 
induction effect occurred with increasing Ni concen-
tration exposure (p<0.05). In this study, statistically 
significant differences were found in the changes in 
GPx activity of Cd on D. polymorpha compared to 
the control. The rise in GPx activity can be attrib-
uted to the alteration in CAT activity. In this respect, 
the study is similar to the other mentioned studies.

Organisms show behavioural and physiologi-
cal responses to pollution in the ecosystem. The sit-
uation is more critical for the aquatic environment 
and aquatic organisms, which are the final stop of all 
ecosystem pollution. All kinds of physicochemical 
changes in water affect the vital activities of aquatic 
organisms such as reproduction, nutrition, shelter 
and migration. Researching, determining, and elimi-
nating the effects of polluting factors on aquatic or-

ganisms is important for a clean environment and 
the well-being of aquatic creatures.

In aquatic ecosystem, bivalve molluscs (mus-
sels), which are sediment-dependent sessile organ-
isms, are the most affected animals by the pollution 
because they are filter-feeders. Metal pollution in 
water is caused by agricultural and industrial wastes 
and leaks from old mines. Rainwater also causes 
metals to leach from the surrounding soil. Metals 
with the most common pollution effects in studies 
on aquatic organisms physiology are Cu, Zn, Sn, 
Cd, Hh, Cr, Pb, Ni, As and Al. While the order of 
heavy metals in terms of toxic effects in salmon is 
Hg ≥ Cd > Cu, the order in terms of accumulation 
in the body is Hg >> Pb > Cr and Cd (Atamanalp & 
Yanık 2003).

According to the present findings, Cd affects the 
oxidative status of D. polymorpha. It was concluded 
that SOD, CAT and GPx were useful markers in in-
vestigating the toxic effects of Cd on the water filter-
feeding test organism D. polymorpha. The results ob-
tained showed that the response of the test organism 
to the toxic substance varies with the concentration 
of the toxic substance and the duration of application.

Conclusion
This study has demonstrated that the exposure to 
sublethal Cd concentrations of D. polymorpha, 
which is used as an indicator in ecotoxicological 
evaluations, provoked a response to oxidative stress. 
It can be concluded that stress conditions provided 
by Cd exposure at sublethal concentrations evoked 
specific responses in D. polymorpha. 
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