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Abstract. The use of biomarkers to determine the negative effects of chemical contaminations on the aquatic organisms is an 

important instrument for identifying and evaluating chemical pollution on environment. In this study, it was aimed to determine 

the effects on the Mediterranean mussel (Mytilus galloprovincialis) living in a coastline (Dardanelles Strait, Turkey), under the 

influence of urbanization, active ship / ferryboat traffic and agricultural activities using superoxide dismutase (SOD), catalase 

(CAT) and glutathione peroxidase (GSH-Px) antioxidant enzymes. M. galloprovincialis samples collected in October 2017 from 7 

regions thought to be under the influence of different pollutants were used. The lowest SOD values measured (4.3-9.5) in the 

samples collected from Kepez station where the port is located and the highest values (14.1-43.3) were found in the samples of 

Kilitbahir station where ferry traffic is heavy. CAT and GSH-Px levels were higher in Güzelyalı (CAT: 81.6-96.4 and GSH-Px: 4.3-9.3) 

and Dardanos (CAT: 64-95.5 and GSH-Px: 6.7-7.9) stations where tourism was effective and Kepez station (CAT: 89.3-99 and GSH-

Px: 6.2-7.2) where the port was located. According to statistical analysis, there is no significant difference in enzyme levels between 

stations. It is considered useful to investigate the seasonal variations of these levels in order to understand biomarker responses to 

pollutants and to assess changes between pollutant exposure and environmental conditions. 
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Introduction 

 

The Dardanelles is an important transit point in Turkey, 

where vertebrate and invertebrate organisms could be in en-

danger due to the pollution of ship traffic, ballast water, do-

mestic, agricultural and industrial wastes for many years 

(Çayır et al. 2012). Moreover, discharged sewage may con-

tain heavy metals, toxic compounds, nitrogenous and carbo-

naceous organic/inorganic compounds, hence it may en-

danger some living species and make tolerant species to 

have physiological and morphological changes (Valavanidis 

et al. 2006). 

Chemical toxic pollutants are important sources are reac-

tive oxygen species (ROS) in biological systems (Valavanidis 

et al. 2006). The imbalance between ROS production and an-

tioxidant neutralization in an organism called oxidative 

stress has become an important issue for environmental tox-

icology studies in biological systems. Chemical analysis is 

not merely determiner for the effects of pollutants in the bio-

ta. On the other hand, biomarker has been used to analyze 

cellular, chemical or molecular changes that occur in biologi-

cal environments with exposure to environmental chemicals 

(Hulka 1988). It detects early and sensitive changes during 

contamination and used for environmental quality assess-

ment (Oost et al., 2003). Furthermore, biomarkers are suita-

ble for identifying causal links plusmaking quantitative es-

timates of these links at exposure levels (Anwar 1997). 

The assortment of bioindiactor species is based on their 

sensitivities or tolerance to pollution. The primary step is to 

select the appropriate organism for a complete biological 

monitoring and to evaluate all data correctly. The appropri-

ate bioindicator organism should be sensitive to changes in 

the environment, spread in a particular area, large enough to 

be used for analysis, easy to collect and identifiable (Turgut 

& Özgül 2009). Additionally, the biology of these species, 

sensitivities to seasonal changes, reproductive and nutrition-

al properties should be well known, and species should be 

able to accumulate pollutants in their structures over time 

(Sures 2004). The use of mussels, especially individuals be-

longing to the genus Mytilus, in studies to determine the lev-

el and orientation of chemical pollution in coastal waters 

was first proposed in the mid-1970s (Goldberg 1975). Mus-

sels are sessile and water-fed organisms suitable for moni-

toring the pollution. It is based on the ability of mussels used 

in biomonitoring studies to accumulate chemical pollutants 

in their tissues in proportion to their bioavailability (Çelikkol 

2018). Exposing aquatic organisms such as bivalves to geno-

toxic pollutants poses an ecological risk due to the possibil-

ity of inherited mutations leading to losses of total genetic 

diversity (intra-species and inter-species) plus may pose a 

risk to human health through the food chain (Tajes et al. 

2011). 

Bivalves preferred as study material due to their charac-

teristics such as filtration capacity, chronic exposure or sus-

ceptibility to oxidative damage based on concentration be-

low fatal level, hence bivalves can serve as a model system 

in understanding how ROS destroys cell components, how 

cells respond, how repair mechanisms correct this damage, 

and how oxidative stress causes disease (Di Giulio et al. 

1989, Livingstone et al. 1994). The high concentration of 

heavy metals in mussels makes these species bioindicators of 

heavy metal pollution in aquatic environments (Langston et 

al. 1998, Bebianno et al. 2002). 

In this study, antioxidant enzyme levels of mussel sam-

ples collected from different locations of Dardanelles Strait, 

which is thought to be affected by ship traffic, oil and ballast 

wastes, as well as agricultural activities were investigated, 

thus the status of chemical and heavy metals accumulated in 

their tissues were determined. The study differs from previ-

ous studies in terms of revealing antioxidant enzyme levels 

in samples collected from 7 different stations along the Dar-

danelles Strait. The aim of this study is to determine the lev- 
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Figure 1. The study area. 
 

 

els of antioxidant enzymes used as pollution biomarkers in 

mussels in Dardanelles Strait, which forms a corridor be-

tween Marmara and Aegean Seas. 

 

 

Material and Methods 

 

Study Area 

The study conducted on different regions of Dardanelles 

Strait in Northwestern Turkey (Fig 1). The stations were 

based on the possibility of being exposed to different pollu-

tants. Güzelyalı (as St. G) and Dardanos (as St. D) stations 

have been selected for that is believed to be affected by tour-

ism and anthropogenically pollution. It was assumed that 

the Kepez station (as St. Kp) may have been affected by bal-

last water and oil wastes due to the port area. The Umurbey 

region (as St. U) includes lands where intensive agricultural 

activity is carried out, therefore it is assumed to be affected 

by agricultural pollutants used in the region. Çardak lagoon 

where mainly fishing activities are carried out (as St. C), 

shipyard station (as St. T) where ship maintenance and re-

pair is done and Kilitbahir pier (as St. Kb) where the ferry-

boat traffic is heavy were chosen as other stations (Table 1). 

The study was carried out in October 2017. The mussel and 

water samples were taken to the laboratory in cold chain. 

 

Test organism and experimental design 

Mussel samples were opened with the help of forceps and 

dissection was performed. The size of the samples was 

measured by the digital callipers for the length, height and 

width. The mussels hepatopancreas tissues were taken and 

kept in 96% ethanol for future enzyme activity levels. The 

hepatopancreas tissues of about 15 samples collected per sta-

tion were pooled in groups of five. Thus, three measure-

ments were performed for each station. 

 

Chemical Analysis 

In order to make measurements of SOD, CAT, GSH-Px en-

zymes planned to be used as biomarker, homogenate was 

prepared from hepatopancreas and cytosolic fractions were 

obtained. The tissues were weighed and homogenized with 

1: 5 homogenization buffers (0.05 phosphate buffer pH 7.4). 

The homogenate was centrifuged 2 times at 10000g at 4 ° C  

Table 1. The coordinate of stations. 
 

Stations UTM Zone UTM_X UTM_Y 

St. D 35 T 445275 4436265 

St. G 35 T 445084 4434252 

St. Kp 35 T 4482205 4439467 

St. U 35 T 465746 4459180 

St. C 35 T 476112 4470014 

St. T 35 T 463743 4463255 

St. Kb 35 T 446953 4445264 

 

 

for 20 minutes and the supernatants were diluted 1: 5 with 

phosphate buffer. The homogenates were stored at -20 ° C 

until antioxidant enzyme analysis. 

Following the spectrophotometric measurement of the 

specific activity of each enzyme assessed in the research by 

Spectroquant pharo 300 spectrophotometer, the values ac-

quired in mU / mg protein-1 should be proportional to the 

homogeneous protein value. For this, the amount of protein 

in the homogenate was also determined by Bradford (1976) 

method. The protein value obtained was measured for each 

enzyme and its specific activity was calculated as mU / mg 

protein-1. 

Total Protein Analysis: Bovine serum albumin (BSA) was 

used as substrate. BSA is placed in quartz cuvettes in differ-

ent amounts (20, 40, 60, 80 and 100 µl) and 1 ml Bradford so-

lution (50 mg Coomasive Blue G-250, 50 ml methanol, 100 ml 

85% (w / v) phosphoric acid) ) added. Each cuvette was 

measured on a spectrophotometer at 595 nm for 5 minutes. 

A standard curve graph was created with the obtained re-

sults. On the other hand, 100 µl was taken from each homog-

enate sample and 1 ml of Bradford solution was added and 

measurement was made for 5 minutes. The results obtained 

for each sample were calculated by replacing the curve for-

mula obtained from the BSA standard graph. 

SOD Activity Analysis: The assessment was based on 

Flöhe & Ötting (1984). The previously prepared homogenate 

mixed with an equal volume of chloroform/ethanol and cen-

trifuged at 5000g for 20 minutes at +4 °C and the superna-

tant was added to the reaction mixture to be used for SOD 

activity. As reaction mixture; In addition to the supernatant, 

0.05M Na2PO4 / NaH2PO4 buffer (pH: 7.4), 48 µM xanthine / 

0.2 units of xanthinoxidase (superoxide source) and 96 µM 
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EDTA were prepared. The measurement was carried out at 

550 nm. The measurement was compared with the blank 

used for reference (Assay reagent, distilled water and xan-

thine oxidase) and the necessary calculations were made. 

CAT Activity Analysis: The analysis was based on the 

method of Clairborne (1985). Primarily, the reaction mixture 

(0.78 ml of 0.1 M phosphate buffer and 0.2 ml of 0.5 mM 

H2O2) was prepared and incubated for 30 minutes. Then, 

0.02 ml of homogenate was added to the measurement at 240 

nm. The blank phosphate buffer used for the measurement 

was prepared from phosphate buffer with H2O2. After the 

first reading of the samples, readings were performed for 

about 90 seconds every 15 seconds. Any reduction in ab-

sorbance; CAT enzyme activity in the media shows a direct 

proportion. The kinetics of CAT activity were thus calculat-

ed. 

GSH-Px Activity Analysis: The analysis was performed 

according to the Wendel (1980) method. The reaction mix-

ture (phosphate buffer, 1 mM sodium azide, 1 IU ml-1 GR, 1 

mM GSH, 0.2 mM NADPH, 0.25 mM H2O2) was prepared by 

adding 1: 5 homogenate: phosphate buffer and DTT at 340 

nm. measurements were made. As long as GR degradation 

continues, the absorbance decreases. This reduction in ab-

sorbance is directly proportional to the activity of GSH-Px in 

the medium. The reference material used in the study is dis-

tilled water. 

 

Statistical Analysis 

The antioxidant enzyme levels of the mussels collected were 

evaluated by two-way ANOVA-Tukey test using SPSS 

vers.20. p < 0.05 was considered statistically significant 

when evaluating the results. The correlation between en-

zyme levels measured at the stations was calculated by Pear-

son correlation. 

 

 

Results 

 

The descriptive statistics of the measurements (length, 

height and width) of the samples used in enzyme analysis 

are presented in Table 2. It was observed that the mussels in 

the St.  G (37.8±3.3) were narrower and the mussels collected 

from the St.  T (53.6±6.6) and St. Kb (54.1±5.6) on the oppo-

site shore of the strait were larger, although the mussels col-

lected from all stations are similar to each other. 

The SOD activity levels vary between 4.3 and 43.3 Umg-1 

in all stations (Fig 2). The lowest SOD values were found in 

the samples collected from the St.  Kp where the port area 

and the highest values were found in the samples in the St. 

Kb where the ferryboat traffic is heavy. These differences be-

tween the values among stations were not statistically signif-

icant by ANOVA test (F = 2.4, Fdf1 = 6, Fdf2 = 2, p> 0.05). A 

single homogeneous subset was calculated by the Tukey test 

with the 3.0 harmonic mean sample size. The CAT activity 

values measured at stations vary between 57.5 and 99 Umg-1. 

Once the differences between the stations were evaluated 

with ANOVA test, no significant difference was found (F = 

1.6, Fdf1 = 6, Fdf2 = 2, p> 0.05). A single homogeneous subset 

was also calculated by Tukey test with the 3.0 harmonic 

mean sample size. Similarly, the lowest values measured be-

tween stations in terms of GSH-Px activity levels were 4.2 

Table 2. The descriptive statistics of some morphological measure-

ments of M. galloprovincialis samples for given measurements with 

different lower-case letters are significantly different (p<0.05); one-

way ANOVA followed by Tukey post-hoc test).  
 

Stations m±SD 
Lenght, m±SD 

(n=15) 

Width, m±SD 

(n=15) 

Height, m±SD 

(n=15) 

Station D 48.4±4a 25.6±3.4d 17.9±2.5g 

Station G 37.8±3.3b 24.9±2.1d 17.4±1.4g 

Station Kp 52.2±2.3c 30.4±2.8e 23±1.6h 

Station U 44.2±5.7a 28.6±2.8e 25.8±3.7h 

Station C 46.6±6.1a 27.5±2.1e 21.9±3.6h 

Station T 53.6±6.6c 33.8±3.7f 22.8±4.1h 

Station Kb 54.1±5.6c 28.4±3.4e 20.9±2.3h 

 

 

 
 

 
 

 
 

Figure 2. The antioxidant enzyme levels of mussels collected from 

different stations. 

 

 

and the highest value was 8, but these values did not differ 

statistically (F = 0.4, Fdf1 = 6, Fdf2 = 2, p> 0.05).  

The correlations between SOD, CAT and GSH-Px levels 

measured in mussel samples collected from the stations are 

presented in Table 3. It was found that SOD levels in St. D 

and St. G were negatively correlated with other enzyme lev-  
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Table 3. Pearson correlation coefficients between the specific activity 

of antioxidant defence enzymes in the mussel Mytilus galloprovin-

cialis in the stations. 
 

Stations  SOD CAT GSH-Px 

St. D 

SOD  -0.1* -0.59 

CAT -0.1*  0.64 

GSH-Px -0.59 0.64  

St. G 

SOD  -0.51 -0.64 

CAT -0.51  0.99 

GSH-Px -0.64 0.99  

St. Kp 

SOD  0.61 0.53 

CAT 0.61  -0.35 

GSH-Px 0.53 -0.35  

St. U 

SOD  0.22 0.92 

CAT 0.22  0.59 

GSH-Px 0.92 0.59  

St. C 

SOD  0.79 0.38 

CAT 0.79  0.87 

GSH-Px 0.38 0.87  

St. T 

SOD  -0.18 -0.98 

CAT -0.18  -0.04 

GSH-Px -0.98 -0.04  

St. Kb 

SOD  0.98 -0.68 

CAT 0.98  -0.8 

GSH-Px -0.68 -0.8  
 

* p <0.05 

 

 

els and correlation with CAT was statistically significant in 

St. D, however, the correlation between CAT and GSH-Px 

was positive. Enzyme levels measured at St. U and St. C 

showed positive correlation with each other. GSH-Px level 

was found to be negatively correlated with CAT enzyme in 

the St. Kp, while the correlation between GSH-Px and other 

enzymes was negative in Kb and T stations. 

 

 

Discussion 

 

The aquatic environment is exposed to the amount of envi-

ronmental pollutants that have the potential to create oxida-

tive stress in aquatic organisms through free radical and 

ROS mechanisms. The uptake of these pollutants by organ-

isms may be by sediment, suspended particulate matter or 

nutrient sources. Exposure to these pollutants depends on 

the nutritional and ecological lifestyles of aquatic organisms 

(Otitoju & Onwurah 2011). The cellular antioxidant defense 

systems are depleted when exposed to environmental pollu-

tants, but the level of antioxidants in organisms can rise to 

eliminate imbalance caused by oxidative damage (Winston 

& Di Giulio 1991).  Therefore, antioxidant enzymes are ap-

plicable to understand the environmental toxicity and eco-

toxicity mechanisms of aquatic organisms exposed to chemi-

cal pollutants as biomarkers of oxidative stress (Livingstone 

2001). 

Bioindicator organisms have enabled the assessment of 

environmental impact and improvement related to screening 

and disposal of contaminated sediments by analyzing both 

bioaccumulation and biomarker responses at various Euro-

pean ports (Stephensen et al. 2000, Regoli et al. 2002, 2004, 

Stronkhorst et al. 2003, Frenzilli et al. 2004, Almroth et al. 

2005, Sturve et al. 2005, Barsiene et al. 2006). In this study, 

we evaluated the levels of heavy metals in M. galloprovincial-

is as carrier biological markers of water pollution and antiox-

idant enzyme levels as oxidative stress markers to determine 

the current situation in the Dardanelles Strait. Previously, 

the heavy metal accumulation in mussel samples collected 

from different points of the Dardanelles were determined by 

Çayır et al. (2012). The results of the study indicated that 

heavy metals detected in M. galloprovincialis species were 

within the allowable limits for safe human consumption, 

similar to or lower than those reported in previous studies. 

However, due to rapid industrialization and urbanization in 

the region, it has been reported that the level of toxic ele-

ments should be periodically monitored to prevent future 

health risks. Another study focuses on SOD and CAT levels 

and seasonal variation of heavy metal accumulation in mus-

sel samples in Kepez Port by Akkuş 2016. The results of the 

study suggest that the differences identified strongly corre-

late with the heavy metal concentrations of the antioxidative 

defense mechanisms. In our previous study, we investigated 

the relationship between SOD and stable isotopes in mussels 

in Güzelyalı and Kepez stations (Yalçın Özdilek et al. 2019). 

In addition to SOD values, the isotopic composition of 

hepatopancreas tissue was also reported to be a good indica-

tor for the assessment of pollution. 

The SOD levels were higher in samples collected from 

selected stations on both sides at the entrance of the strait. 

The SOD enzyme is responsible for catalyzing the destruc-

tion of superoxide free radicals generated during the oxida-

tion of pyrethroids (Otitoju & Onwurah 2007). SOD activity 

is characterized by the maintenance of tissue and cell integri-

ty against superoxide free radicals (Olusi 2002). Significantly 

lower antioxidant enzymes detected in mussels may reflect 

crushing of antioxidant defenses or not eliminating ROS. In 

fact, low levels of antioxidant enzymes in mussels were in-

terpreted as signs of susceptibility to oxidative stress (Regoli 

& Principato 1995, Cossu et al. 1997, 2000, Canesi et al. 1999, 

Frenzilli et al. 2004, Pampanin et al. 2005, Osman et al. 2007, 

Vlahogianni & Valavanidis 2007, Fernández et al. 2012). The 

interaction between ROS and antioxidant defense in organ-

isms is due to a number of intracellular antioxidant enzymes 

that serve to inactivate reactive radicals (Davies 1995, Vala-

vanidis et al. 2006). It is known that during periods of in-

creased oxidative stress, organisms can tolerate such fluctua-

tions of stress by stimulating the additional synthesis of an-

tioxidant enzymes that regulate oxidative damage (Martins 

et al. 1991, Young & Woodside 2001, Valavanidis et al. 

2006).This suggests that the oxidative stress level is higher in 

the groups (St. G and St. Kb) with higher SOD activity. In a 

heavy metal study performed in water and mussel samples 

in the region, it was reported that the amount of Cu was 

higher in Güzelyalı (Baskın et al. 2018). Similarly, increase in 

SOD activity in M. galloprovincialis individuals has been 

demonstrated by studies. For example, when copper oxide is 

applied by Gomes et al. (2012) in laboratory conditions, SOD 

activity against oxidative stress was increased. Valavanidis 

et al. (2007) also found that SOD activity was increased in 

samples collected from the Saronikos Gulf contaminated by 

heavy metals. 

CAT enzyme is responsible for the elimination of hydro-

gen peroxide generated by SOD by reacting with superoxide 
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anion radicals (Fernández et al. 2012). The induction of CAT 

was accepted as an early indicator of oxidative stress and 

adaptive behavior to an insecure environment (Cossu et al. 

1997, Fernández et al. 2012).  In studies previously reported 

on CAT induction in mussels exposed to metals or trans-

ferred to contaminated areas, a positive correlation between 

CAT and Cd levels was reported to reflect the specific re-

sponse of CAT to Cd deposition (Da Ros et al. 2000, Almeida 

et al. 2004, De Luca-Abbott et al. 2005).  In this study, CAT 

level was measured close to each other in almost every sta-

tion. Similarly, Baskin et al. (2018) reported that Cd levels of 

mussel samples collected from each station were similar. 

This suggests that increased CAT levels may be due to Cd 

accumulation in the light of previous studies. Basha and Ra-

ni (2003) reported that there was a simultaneous increase in 

the level of CAT activity (also other antioxidant enzymes 

such as superoxide dismutase and glutathione peroxidase) 

in the liver and kidneys after exposure to Cd, and Pruell & 

Engelhardt (1980) reported dissolution Cd both in vivo and 

in vitro studies demonstrated significant inhibition of liver 

CAT activity following in vitro exposure.  

Glutathione plays an important role in oxidation-

reduction reactions, amino acid transport, electrophile, met-

al, xenobiotic metabolites and carcinogen detoxification 

(Valavanidis et al. 2006). Glutathione peroxidases take an 

important part in reducing hydrogen peroxide and lipid hy-

droperoxides associated with glutathione oxidation (Fer-

nández et al. 2012). Therefore, it is important to evaluate 

GSH-Px along with other antioxidant enzymes in case of ex-

posure to any contaminants. With the depletion of glutathi-

one enzyme activity, it may reduce the ability to inactivate 

reactive metabolites that can be produced directly or indi-

rectly by the movement of cadmium and other metals in the 

organism (Świergosz-Kowalewska et al. 2006). In this study, 

the highest GSH-Px activity was observed in St. D, where Cd 

accumulation was reported higher by Baskın et al. (2018).  

Experimental studies have also shown that peroxidase activ-

ity decreases and then increases with greater activity, indi-

cating that this last effect may be due to the induction of 

specific isoenzymes (van Caneghem 1984, Washburn & Di 

Giulio 1988, Pedradjas et al. 1993, Telli Karakoç et al. 1997).   

Comparative analysis of the correlations between antiox-

idant enzymes in species collected from different environ-

ments has been done in previous studies (Blagojević et al. 

1998, Pavlović et al. 2004, Jovanović-Galović et al. 2004 

Borković et al. 2005).  A similar approach was used in this 

study, and many positive correlations were observed be-

tween the antioxidant components measured in mussels, 

which reinforces the possibility of coordinated regulation of 

antioxidant enzymes (Speers-Roesch & Ballantyne 2005).  

This study was planned to determine the antioxidant en-

zyme capacities of mussel samples collected from different 

stations selected from both sides along the Dardanelles 

Strait. Additionally, the antioxidant status of aquatic organ-

isms was determined by measuring 3 different enzymes cat-

alyzing the antioxidant chain reaction in mussel samples. 

Therefore, both in terms of the number of stations studied 

and the variety of enzymes, this study may be a preliminary 

study for further and detailed studies. Nevertheless, it 

would be appropriate to increase the number of stations or 

to support them with periodical or seasonal studies in order 

to understand the pollution factors along the Dardenelles 

Strait. 
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