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Abstract: Antioxidants are the innate or acquired molecules capable of slowing down or preventing 
the oxidative damage (damage due to reactive oxygen species) that caused by free radicals. The 
antioxidant enzyme activity in response to season as well as hydrocarbon pollution was attempted. 
Rayapuram fishing harbor of Chennai (Station-1) is highly oil contaminated with oil sleeks on the 
surface. The relatively moderate oil contaminated area (Station-2) is about 2 km away from the fishing 
harbor and the least contaminated Vellar estuary Parangipettai (Station-3) was considered as the 
reference site. The 2 year (2005-2007) observation was recorded seasonally; the antioxidant activity 
varied seasonally and organally (digestive gland, gill and mantle) in the marine green mussel Perna 
viridis. The common antioxidant enzymes such as Catalase (CAT), Superoxide Dismutase (SOD) and 
Glutathione Reductase (GR) activity were evaluated. The CAT and SOD are responded well with 
seasons (i.e., monsoon, pre-monsoon, post-monsoon and summer seasons). During monsoon period, 
both CAT and SOD activity are very low in all the Stations, in both pre-monsoon and post-monsoon 
period their activity were moderate and higher enzyme activity was noted during summer season. On 
contrary, the GR activity was noted as very low during summer and very high during pre or post 
monsoon and the activity was moderate during monsoon period. In addition the GR activity respond to 
temperature also but the other antioxidants CAT and SOD yielded no detectable activity. Among the 
organs liver showed higher CAT and SOD activity when compared to gill and mantle but the GR 
exhibited the increased activity in gill but not in liver. 
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INTRODUCTION 

 
 Generally, Free-radicals are highly reactive 
chemicals that attack molecules by capturing electrons 
and thus modifying the chemical structures and also 
make it unstable. Valko et al. (2007) stated under 
normal physiological condition, animals maintained a 
balance between generation and neutralization of 
Reactive Oxygen Species (ROS). However when 
organisms are subjected to xenobiotic compounds, rate 
of production of ROS in cells get increased along with 
hydrogen peroxide (H2O2), Hypochlorous acid (HClO) 
and free radicals including hydroxyl radical (OH) and 
superoxide anion (O2

.●−). They are normally neutralized 
in the body employing the following enzymes.  
 Catalase are enzymes that catalyse the conversion 
of hydrogen peroxide to water and oxygen, using either 
an iron or manganese cofactor (Zamocky and Koller, 

1999; Chelikani et al., 2004). Superoxide Dismutase 
(SOD) are a class of closely related enzymes that 
catalyse the breakdown of the superoxide anion into 
oxygen and hydrogen peroxide (Johnson and Giulivi, 
2005; Nozik-Grayck et al., 2005). SOD enzymes are 
present in almost all aerobic cells and in extracellular 
fluids. Glutathione reductase is an enzyme which 
reduces glutathione disulphide (GSSG) to the 
sulfhydryl form GSH, which is an important cellular 
antioxidant (Meister and Anderson, 1983; Mannervik, 
1987). For every mole of GSSG one mole of NADPH is 
required for reduction reaction. Where as in the cells 
exposed to high levels of oxidative stress (e.g., red 
blood cells) need up to 10% of the available glucose for 
the production of the NADPH, in this reaction 
(Mannervik, 1987). The non enzymatic compounds like 
beta-carotene, lycopene, vitamins C, E and A and some 
other substances also exerts antioxidant properties.  
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Mechanism: All organisms respire to survive, thus 
have their own cellular antioxidative defense system, 
involving both enzymatic as well as non-enzymatic 
components. Enzymatic pathway consists of SOD, 
CAT, GSH, GPX. SOD dismutate the O2

●− in to H2O2 
which is reduced to water and molecular oxygen by 
CAT or is neutralized by GPX, that catalyzes the 
reduction of H2O2 to water and organic peroxide to 
alcohols using GSH as a source of reducing equivalent. 
Gulutathione Reductase (GSH) regenerated from 
oxidized glutathione (GSSG), which is a scavenger for 
ROS as well as a substrate of the other enzymes. GST 
conjugates xenobiotics with GSH for its excretion 
(Livingstone et al., 1992; Arun and Subramanian, 1998; 
Halliwell and Gutteridge, 2007). 
 

MATERIALS AND METHODS 
 
 During the study period (2005-2007), samples of 
water and biota were collected fortnightly, the data 
were pooled seasonally to understand the seasonal 
effect. The four distinct seasons were monsoon 
(October to December) post-monsoon (January to 
March), summer (April to June) and pre-monsoon (July 
to September) periods. Site Selection Sampling sites 
surveyed along the Southeast coast of India represented 
different oil contamination scenarios. Two sites were 
located in the Tamilnadu state capital city Chennai; 
(Station-1, Kasimedu fishing harbor, Rayapuram, at 
Chennai is heavily oil polluted and Station-2, about 3 
km off-shore from the harbor, is moderately oil-
polluted).The least oil polluted site is Station-3, Vellar 
estuary, Paragipettai, Cuddalore District, which also 
supports a fishing harbor and was selected as the 
reference site (Fig. 1).  
 
Animal Selection and Collection: The experimental 
animals, the green mussel Perna viridis were collected 
fortnightly between January 2005 and December 2007, 
from each Station. Immediately after collection, 
mussels’ length (mean 10.086±0.77 cm) and weight 
(mean 104±20.38 g) were measured. At least three 
animals were sacrificed for organ collection. Liver 
(hepatopancreas), gill (ctenidium) and foot (muscle) 
were dissected out, stored in Cryocane (liquid 
nitrogen), taken to the laboratory and analyzed within 
24 h. The in situ environmental parameters such as pH, 
temperature and salinity were measured using Water 
Analysis kit (Century Instruments Pvt. Ltd. India) and 
Refractometer (ERMA INC. Tokyo, Japan). Oil and 
grease level was quantified by Solid-Phase, Partition-
Gravimetric Method (ASTM, 2003). Along the 
Rayapuram beach in Station-1 (Kasimedu fishing 
harbor) mussels were attached as clusters on the piers 

and concrete pillars. At Station-2 (off-shore area) they 
were attached on anchored craft, wrecked and sunken 
crafts, rocks and ropes and were collected by 
employing local diving fishermen with a boat. At 
Station-3 (Vellar estuary) mussels were found attached 
to pillars of a railway bridge and piers of the jetty. The 
maximum of 1500 mg each of liver, gill and foot tissues 
were homogenized in two volumes of 0.1 M sodium 
phosphate buffer containing 2 mM glutathione and 1 
mM Ethylene-Diamine-Tetra Acetic acid (EDTA) 
tetrasodium salt, pH 6.5, using Polytron homogenizer 
(Mini Polytron, Switzerland). The homogenates were 
centrifuged at 12500 g for 20 min to remove cell debris 
and mitochondria. The supernatants were centrifuged 
for 75 min at 135000 g to sediment the microsomes. 
The microsomal pellets were resuspended with two 
volumes of 0.1 M phosphate buffer (pH 8.0) containing 
0.15 M potassium chloride and 20% glycerol, then 
stored in liquid nitrogen container until analysis. 
Generally, Antioxidant enzymes activity was measured 
in freshly prepared samples, but for the determination 
of the Michaelis and Menten constant (km) and the Q10 
value, frozen samples were used. The cellular fraction 
protein concentration was determined by the method of 
Bradford (1976), which ranged between 4 and 10 mg ⊕ 
mL 1. All operations were performed at 4°C.  
 
Antioxidant enzymes: 
Catalase: The reaction mixture contained 50 mM 
phosphate buffer (pH 7.0) and 50 mM H2O2, the 
reaction rate was measured at 240 nm. The extinction 
coefficient of H2O2 was 40.0 M−1 cm−1. One unit of 
Catalase was defined as 1 µmol of H2O2 degraded min−1 
mg−1 protein 
 
Superoxide Dismutase (SOD) assay: Add 200 µL of 
0.1 M Ethylene Diamine Tetra Acetic (EDTA)/Cyanide 
mixture to 100 µL NBT and 10 µL sample, Phosphate 
buffer was used to make up to 3 mL total reaction 
mixture, a series of samples ranging from 0.1-10 
micrograms is recommended. A tube containing 
approximately 100 µg will generally produce maximum 
inhibition. Place the tubes in a light box providing 
uniform light intensity. (A foil-lined box approximately 
4’ long X 8" X 6" with an internally mounted 40 W 
fluorescent bulb has been used successfully). Incubate 
the tubes for 5-8 min to achieve a standard temperature. 
At zero time and at time intervals add 0.05 mL 
riboflavin. Incubate all tubes in the light box for 12 min 
and at time intervals (at every 3 min) read A560. 
Determine percent inhibition of NBT reduction. Plot 
percent inhibition versus amount of enzyme in test. 
Determine the amount of enzyme resulting in one half 
of maximum inhibition. No enzyme as reference. 
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Fig. 1: Indication the sampling Station along the coramental coast of Tamulandu 
 
Glutathione reductase (Carlberg and Mannervik, 
1975): The reaction system of 1 mL contained: 1.0 mM 
GSSG, 0.1 mM NADPH, 0.5 mM EDTA, 0.10 M sodium 
phosphate buffer (pH 7.6) and 100 µL of sample to give 
change in absorbance min−1. The disappearance of 
NADPH was monitored for 5 min at 340 nm. One unit 
will reduce 1.0 µmol of oxidized glutathione min−1 at 
pH 7.6. Protein concentrations were determined 
according to Bradford (1976) using bovine serum 
albumin as the standard. 
 

RESULTS AND DISCUSSION 
 
Physicochemical parameters in different seasons: 
The physiochemical parameters such as salinity, 
temperature and pH , besides the oil and grease from 
three different stations from January 2005 to December 
2007 were pooled season ( monsoon, pre-monsoon, post 
monsoon and summer seasons) wise and given in Table 
1. Almost all the evaluated environmental parameters 
exhibit a uniform seasonal trend in all the three stations 
studied. The Station-1 and 2 have little seasonal influx of 
water from inland water bodies and thus the salinity 
ranges from 30-34%o. Whereas the reference site Vellar 
estuary have periodic drain of water and the salinity 
fluctuate between 22-33 %o during monsoon to summer 
of the study period. The length and weight of the animals 
(Perna viridis) were measured periodically (in each 
collection) and their length (mean 10.086±0.77 cm) and 
weight (mean 104±20.38g) were correlated and found a 
significant (r=0.785, P<0.01) positive relationship. 
 
Catalase activity in P.viridis during different 
seasons: During the study period (2005-2007) the liver, 
foot and gill of P. viridis from the study Stations were 
analyzed during different seasons such as summer 
(Apr.-June), pre-monsoon (July-Sep.), monsoon (Oct.- 
Dec.) and post-monsoon (Jan-Mar) periods. Among the 

season wise analysis of liver fraction catalase activity 
was higher during summer season in all the Stations (1st 
Station, 114±15.25 µmol mg−1 protein min−1, followed 
by 2nd Station, 53.66±8.26 µmol mg−1 protein min−1 and 
3rd Station, 23±2.58 µmol mg−1 protein min−1 
respectively). Where as the catalase activities were low 
during monsoon period [Station-1, (65.13±10.59 µmol 
mg−1 protein min−1), Station-2 (33.76±6.42 µmol mg−1 
protein min−1) and Station-3 (11±2.42 µmol mg−1 
protein min−1) respectively]. The remaining seasons 
shows more or less equal catalase activity. The 
monsoonal minimum catalase activity ascends towards 
summer, then decline towards monsoon (Fig. 2-4). 
Among the different organs analyzed higher activity was 
evident in liver (Fig. 2) followed by foot (Fig. 3) and gill 
(Fig. 4). The seasonal pattern of enzyme activity was 
reflected in the organs (liver, foot and gill) analyzed also. 
 
SOD activity in P. viridis during different seasons: 
The SOD activity showed a peak during summer and it 
descends to form a trough in monsoon and then ascends 
towards summer. The observed higher activity during 
summer were, Station-1 (86.82±11.36 unit mg−1 protein 
min−1) followed by Station-2 (36.43±5.25 unit mg−1 
protein min−1) and then Station-3 (13.21±2.24 unit mg−1 
protein min−1). On the other side very less activity were 
noted during monsoon period in Station-1 (54.6±12.78 
unit mg−1 protein min−1) followed by (14.56±6.72 unit 
mg−1 protein min−1) in Station-2 and (7±0.78 unit mg−1 
protein min−1) in Station-3. Similarly the evaluated SOD 
activity in different organs also followed the trend of 
seasons. The higher enzyme activity was noted in liver 
(86.82±11.36 unit mg−1 protein min−1) (Fig. 5) followed 
by gill (54.23±7.12 unit mg−1 protein min−1) (Fig. 6) and 
the least in the foot (43.45±5.64 unit mg−1 protein min−1) 
(Fig. 7) during summer seasons, where as in the 
monsoon seasons the lowest values were recorded. 



American J. Animal & Vet. Sci., 7 (2): 96-103, 2012 
 

99 

Table 1: Physico-chemical characteristics of water bodies at different 
sampling station by season 

    Oil and 
    grease  
  Temperature Salinity mg L−1  
 pH (°C) (%°) (wet wt) 
Rayapuram harbor (Station-1) 
Summer  7.80±2.2 28.0±3.0 33±1.5 308.0 
Premonsoon 7.50±1.5 26.0±2.2 31±1.2 194.5 
Monsoon 7.30±1.2 25.0±2.4 29±1.2 58.1 
Post monsoon 7.60±1.6 28.0±2.5 31±1.5 192.1 
Rayapuram off coast (Station-2)  
Summer  7.70±1.8 27.5±3 32±1.5 151.0 
Permosoon 7.40±1.4 26.0±2.2 30±1.2 98.4 
Monsoon 7.25±1.35 25.0±2.4 29±1.5 37.8 
Post monsoon 7.50±1.2 28±2.5 31±1.0 82.1 
Parangipettai (Station-3)   
Summer  7.30±1.6 29.0±4.1 31±2.2 42.4 
Permosoon 7.50±1.4 26.0±2.0 28±2.3 20.2 
Monsoon 7.15±1.1 24.0±1.7 19±4.2 8.4 
Post monsoon 7.40±1.3 27.0±3.2 26±3.1 21.0 

 

 
 
Fig. 2: Catalase activity of Perna viridis liver s9 fraction 

during different seasons 
 

 
 
Fig. 3: Catalase activity on foot s9 fraction in Perna 

viridis during different seasons 
 

 
 
Fig. 4: Catalase activity on foot s9 fraction in Perna 

viridis during different seasons 

 
 
Fig. 5: SOD activity in Perna viridis liver s9 fraction 

during different seasons 
 

 
 
Fig. 6: SOD activity in Perna viridis foot s9 fraction 

during different seasons 
 

 
 
Fig. 7: SOD activity in Perna viridis gill s9 fraction 

during different seasons  
 

 
 

Fig. 8: Glutathione reductase activity in P. viridis 
hepatopancreas s9 fraction during different 
seasons 
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Glutathione reductase (GSH): Gulathione reductase 
activity behaves differently from the other two (catalase 
and SOD) antioxidant enzyme. Here the minimum level of 
GSH activity was noted in liver fraction during both 
summer and monsoon seasons in all the three Stations 
when compared to other seasons (Fig. 8). The highest level 
was observed during both post and premonsoon seasons in 
liver. The GSH activity during post monsoon in Stations-
1, 2 and 3 were 68.45±10.36 µmol mg−1 protein min−1, 
36.78 ±6.22 µmol mg−1 protein min−1 and 5.67±1.21 µmol 
mg−1 protein min−1 respectively. The minimum activity 
recorded during summer in Station-1 (27.36±6.98 µmol 
mg−1 protein min−1) followed by (12.72±6.72 µmol mg−1 
protein min−1) in Station-2 and in Station-3 (2.12±0.32 
µmol mg−1 protein min−1). 
 Between the seasonal fluctuations, liver, foot and 
gill shown the elevated level of GSH in post monsoon 
subsequently declined in summer, then increased in pre-
monsoon and falls in monsoon. Among all the Station 
and all the seasons studied, the Rayapuram fishing 
harbor (Station-1) evidenced higher GSH activity when 
compare to other Stations and very lesser activity in 
Parangipettai (Station-3). 
 

CONCLUSION 
 
 The higher level of GSH enzyme activity was 
noted in foot fraction during post monsoon seasons at 
all Stations [Station-1 (39.86±8.12 µmol mg−1 protein 
min−1) Station-2 (26.78±4.23 µmol mg−1 protein min−1) 
and Station-3 (2.4±0.56 µmol mg−1 protein min−1)]. The 
lowest level of GSH activity was encountered in gill 
fraction than the liver and foot (Fig. 9). The higher level 
of GSH activity was recorded during Post monsoon in 
gill (Fig. 10) in all the study sites [Station-1 
(24.14±3.24 µmol mg−1 protein min−1) followed by 
station-2 (14.44±2.13 µmol mg−1 protein min−1) and 
station- 3 (1.89±09 µmol mg−1 protein min−1)]. 
 
Physico-chemical parameters: The water quality 
parameters such as water temperature, salinity, pH, oil 
and grease exhibited a uniform seasonal trend in all the 
stations studied, that reflects seasonal pattern of south 
east coast of India. Their highest level was observed 
during summer and the lowest level during monsoon. A 
similar seasonal trend of environmental parameters 
were reported by Subramanian (1992) from Vellar-
Coleroon estuarine complex. Presently observed higher 
level of oil and grease in station 1, was twofold higher 
than station-2 and 7 fold higher than station-3 (Table, 
1). It could be related to the higher oil pollution in this 

station due to the congregation of more fishing trawlers 
and the related activities like oil filling, washing, 
repairing. Further, the summer maximum and 
monsoonal minimum indicated the rain water flooding 
dilute, disburse and taken away of these floating 
pollutants, thus the lower values. Identical observation 
was recorded by Wetzel and Vleet (2004) with the 
support hydrocarbon data of mussel, further stated 
“Indigenous mussels were least impacted by petroleum 
contamination at open-water stations indicating that 
physical processes of tidal or wind or rain activities can 
remove organic contaminants such as petroleum from 
these areas more effectively” , but more affected in 
partially-enclosed areas. 
 In the oxidative metabolism the role of antioxidants 
are very essential. The antioxidants are mainly divided 
into enzymatic and non enzymatic. Antioxidant 
requirements are mostly derived from the food sources. 
Present study give emphasis the enzymatic antioxidants 
and thus evaluated the same in Perna viridis under 
environmental and experimental stress conditions. 
Interactions between abiotic and biotic factors are more 
common in the aquatic environments. Among abiotic 
factors, saline and thermal stress leads physiological 
disorder in animals, which primarily affects the 
metabolism, resulting in the accumulation of ROS 
(Arun and Subramanian, 1998; Rajagopal et al., 2005). 
Thereby the season oriented three antioxidant enzyme 
activity was primarily observed in this study.  
 
Catalase: The present study evidenced that the catalase 
activity was tissues specific and environmental parameter 
sensitive. The maximum catalase activity was recorded 
in the order of digestive glands (liver), foot and gill 
respectively. In the case of long (field during summer) 
term exposure to non-optimal salinity and temperatures 
affect the activity of scavenging enzyme catalase. 
Identical trend was demonstrated in the digestive gland, 
foot and gill tissues of zebra mussel (Khessiba et al., 
2005; Parihar et al., 1997). The seasonal activity of 
catalase exhibit a summer hike and a monsoonal trough. 
It was coincide with the hydrocarbon pollutant level in 
that seasons (Bhat and Desai, 1998). It would reveal the 
ability of the animal to produce catalase was limited to 
its tolerance level then the production was contained in 
higher concentration of xenobiotics as well as longer 
duration (Sturve et al., 2005).  
 
Superoxide Dismutase (SOD): SOD was designated as 
an index for a range of contaminants (Cossu et al., 2000). 
The SOD exerts an elevated level in liver than foot and 
gill. Similar finding was reported in another species of 



American J. Animal & Vet. Sci., 7 (2): 96-103, 2012 
 

101 

bivalves, Scapharca inaequivalvis and Tapes 
philippinarum (Lushchak and Bagnyukova, 2006; 
Santovito et al., 2005; Irato et al., 2001). Further, who 
stated the experience of some species-specific 
differences that could be attributed to their different 
adaptation and habitat. In that the recorded high SOD 
activities in the gills of both the species may be related to 
their physiological role in respiration (Irato et al., 2001). 
In the present study the SOD activity increased in liver 
during summer season and very minimum in monsoon 
period. It could be attributed to the higher hydrocarbon 
level in the summer and the minimum during monsoon 
due to washing off and higher dispersion/dilution in the 
season. The gill showed second place for the enzyme 
activity but foot exhibited very lower activity than other 
tissues. So liver is the ideal organ to evaluate the activity 
of SOD against the xenobiotics exposure. In the 
xenobiotics exposure profile SOD showed a positive 
correlation with catalase (r = 0.888, p<0.05). SOD 
activity in the gills of H. fossilis on short-term 
temperature showed similar enhancement (Nozik-Grayck 
et al., 2005; Valko et al., 2007). The same conditions of 
higher activity in Perna viridis also noted in long term 
exposure in this study. Though SOD activity in response 
to season and PAH was evident from this study but 
(Power and Sheehan, 1995) reported that SOD as an 
biomarker index for pesticide pollutants. 
 

 
 
Fig. 9: Glutathione reductase activity in P. viridis foot 

s9 fraction during different seasons 
 

 
 
Fig. 10: Glutathione reductase activity in P.viridis gill 

s9 fraction during different seasons  

Glutathione reductase (GSH): Among the three 
antioxidants studied GSH seems to be highly sensitive 
to environmental dynamic such as dissolved oxygen, 
salinity and temperatures, besides xenobiotics. The 
seasonal change in environmental parameters 
modulates the induction of antioxidant enzymes as a 
protective measure against stress including potential 
toxicity which increased the ROS formation (Santovito 
et al., 2005). This GSH enzyme catalyzes the reduced 
Nicotinamide Adenine Dinucleotide Phosphate 
(NADPH)-dependent reduction of the disulfide bond of 
oxidized glutathione. A major function of GSH is to 
serve as a reductant in the oxidation-reduction 
processes; a function resulting in the formation of 
glutathione disulfide (GSSG). Glutathione S-
Transferases (GSTs) are ubiquitous multifunctional 
enzymes, which play a key role in cellular 
detoxification. The enzymes protect the cells against 
toxicants by conjugating them to glutathione, thereby 
neutralizing their electrophonic sites and rendering the 
products more water-soluble for elimination. The 
temperature stress activates increased level of total 
glutathione, initially which serves as a compensatory 
mechanism, to allow mussels to maintain constant 
GSH/GSSG ratio despite heat induced oxidative stress 
(Lushchak and Bagnyukova, 2006). In this study the 
seasonal and experimentally given temperatures exert 
stress to the GSH activity. Similar effect in the long 
term exposure to temperature was recorded by Zhang et 
al. (2003). Notably the GSH level increased positively 
in response to temperature in the laboratory exposure, 
surprisingly it decreased at longer time exposure in the 
field i.e., during summer.  
 The GSH and catalase imparted an identical trend 
during summer season (r = 0.998, p<0.01). The same 
condition was observed in the organs like liver, gill and 
foot of M.galloprovincialis and H. fossilis (Khessiba et 
al., 2005; Parihar et al., 1997), when exposed to heat. 
The liver showed higher enzyme activity during both 
the post and pre monsoon seasons. Identical season 
related higher enzyme elevation of GSH (both post and 
premonsoon) than other seasons were recorded (Meister 
and Anderson, 1983).  
 Among all the Station and all the seasons studied, 
the Rayapuram fishing harbor (Station-1) evidenced 
higher GSH activity when compare to other Stations 
and very lesser activity in Parangipettai (Station-3). It 
would reveal the higher level of oil pollution in this 
Station-1 implicate stress to the inhabiting mussels, thus 
the mussels produced more of GSH for defense.  
 The observed lowest GSH activity during summer 
and monsoon in all the Stations indicates the climatic 
changes besides the xenobiotics (i.e., highest/lowest 
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salinity and temperature stresses that deviate from the 
required optimum conditions for best performance) 
impart stress and thus modulates the activity. The same 
condition was already experienced in Uria aalge (Khan 
and Nag, 1993). It would further reveal the extreme 
climatic conditions may reduces the defense enzyme 
activity, thereby the loss of defense may leads death of 
the animals (Geracitano et al., 2000; Zakharov et al., 
2002; Frei, 1999). Sies (1991) stated the GSH and other 
antioxidant enzyme activity depends on the survival 
ability relevance to the organism’s biology. The instant 
depletion of GSH level would probably reveals 
enhanced risk of oxidative stress in digestive gland, 
gills and other parts of the body that induces the 
membrane and cellular damages. 
 Identical higher productions were obtained in rain 
bow trout fish exposed Phenobarbital, p, p-di chloro-
Diphenyl-Dichloro-Ethylene (DDE), or the prototypal 
oxidation-reduction cycling compound 2,3-
dimethoxynaphthoquinone (Petrivalsky et al., 1997). In 
the present study the long term exposure to elevate the 
xenobiotic concentrations inhibited the GSH reaction in 
P. vidis during summer season in the field (Figures), the 
same condition was already experienced in Uria aalge 
(Khan and Ryan, 1991). In another evaluation on the 
CYP 450 isoforms which are considered as biomarker 
enzymes showed higher activity during summer seasons 
and thus the present GSH depletion does not reflects 
oxidative stress during summer.  
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