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Abstract: Environmental pollution is a serious threat for marine organisms. The aim of the present study is to
assess and compare between East and West of Mediterranean coast by using antioxidant enzymes (bioindicators)
as recommended by the International Council for the Exploration of the Sea (ICES) and MED-POL for
monitoring the marine environment at sites particularly exposed to different pollutants e.g. anthropogenic and
industrial waste. The activities of the antioxidant enzymes (glutathione-GSH, glutathione transferase-GST and
Acetylcholine esterase-AchE) were studied in M. surmuletus. Significant differences are observed in the activity
of oxidative stress at investigated regions. There are generally lower activities at West in different organs except
AchE. There is highly significant difference of GSH and GST activities in liver and gills at East region. The
inhibition of AchE activity explains the reduction of the enzymatic activity in industrial and agricultural region
(East). Results showed an increased in GSH content and GST activity in M. surmuletus from East region
compared to those West. It can be concluded that the useful of using antioxidant enzymes as environmental
monitoring for detecting the variation between pollutants that changes the activity and the organization of
antioxidative defense system from East region compared to those from West region.

Keywords: Acetylcholinesterase, Glutathione, Glutathione transferase, M.surmuletus, Mediterranean Sea

. Introduction

The marine environment is exposed to different anthropogenic pollutants generated by industrial,
domestic and agricultural activities. Many pollutants are susceptible to interact with the physiological processes
such as growth and reproduction lead to serious disruptions such as reduction of the animal populations, changes
of the reproductive functions. The Mediterranean Sea, semiclosed basin surrounded by densely populated and
industrialized countries has a low capacity of water interchange with the Atlantic Ocean and other surrounding
seas. Alexandria city lies on the Mediterranean coast and it is one of the most important industrial centers,
comprised 100 large factories and about 260 smaller ones ). It is also the main summer resort in Egypt; about 4
million citizen and two million summer visitors ?. Human development in the Mediterranean region has
extensively influenced the coastal areas and has led to a constant rate of pollution with toxic compounds.

The water in Eastern region (Damietta and Port Said) are exposed to agricultural drains contaminated
with hazardous industrial wastes, domestic sewage, organic matter, fertilizers and pesticides, in addition to oil
pollution from ships and oil terminal as in Port Said and Damietta ™ *!, while sources of water pollution in
Western region (Salloum to El Alamein) are sewage from residential areas and resort areas. Previous studies
recorded that heavy metals under certain environmental conditions might accumulate up to toxic concentrations
and cause ecological damage *®. The use of biomarkers is important in environmental monitoring programs, and
also as early warning signals of environmental distress in coastal and marine areas!"®.

Many studies of antioxidant defense enzyme activities in aquatic organisms, particularly in fish, were
designed to provide data for comparative studies or to examine the effects of environmental influences. The
activity of antioxidant defense enzymes, glutathione content (GSH), glutathione-S-transferase (GST) and
Acethycholinesterase (AchE) were measured in Mullus surmuletus collected from both East and West regions of
Alexandria city along the Mediterranean Sea coast. Fish have been used as aquatic contamination indicators for
many years. Red mullet are among the most valuable and highly priced fish species in Egypt, though widely
distributed along the entire coast of Mediterranean, their major fisheries are located in the area from Alexandria
to Port Said °!. In present study the striped red mullet (Mullus surmuletus) is chosen as a bioindicator because it
is considered a very important economic marine fish in Egypt. It is one of territorial fish of commercial interest
in the region, which has been used in several studies of coastal pollution monitoring %,

The major oxidative stress biomarkers in marine fish are SOD, CAT, and GSH-Px, as well as the
biotransformation phase 1l enzyme GSTR. Glutathione transferase enzyme is one of the phase II
biotransformation enzyme systems; this enzyme is also the most sensitive biomarker for the influence of
environmental pollution on the organism. It has been used to indicating aquatic environment pollution with
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wastewater of municipal, industrial, agricultural or mining origin (organic industrial effluents) ™. Fish liver is
the main organ of xenobiotic metabolism !, GST may represent up to 10% of total liver cytosolic proteins 1.
GST activity has been studied in various tissues of different fish species and the induction of antioxidant GST
enzymes were measured in Mullus barbatus liver tissue at 5 stations along the French and Spanish coasts to
demonstrate alterations due to the presence of free radicals from pollutant metabolism™®. Mussels, such
as Mytilus edulis and other marine bivalves, as well as fish (e.g. Mullus sp., Platichthys flesus L., Zoarces
viviparus, Perca sp.) are widely used in monitoring programs as sensitive indicators, so-called sentinel
organisms, of the exposure to, and the biological effects of metals and organic pollutants *

Some biomarkers are highly specific for individual chemicals; such biomarkers include inhibition of
cholinesterase by organophosphate or carbamate %, Acetylcholinesterase (AchE) is an enzyme essential to the
correct transmission of nerve impulse. Extensive studies on inhibition of cholinesterase activity by neurotoxic
agents have clearly indicated that it can be used as a tool to diagnose organophosphorus pesticide poisoning in
fish 12122423 citied by Sarkar et al., 2006. Also Many stressors (including pesticides, drugs or metals) exert their
activity by acting on the central nervous system; causing neurotoxicity it is caused by accumulation of excess of
acetylcholine, cholinesterasic inhibition is a suitable tool .

The aim of this study is to assess and compare the activity of antioxidant enzymes in liver, gills and
muscles of M. surmuletus collected from East and West regions of Alexandria for detecting the exposure and
effect induced by chemical pollutants, industrial wastewater and domestic sewage along the Mediterranean coast.

Il.  Materials And Methods

1. Sample collection and preparation

Forty five samples of Mullus surmuletus were obtained from East and West Mediterranean coast by
local fishermen during November and December (2015) (Fig.1). Fifteen of M. surmuletus collected from East
region with average length and weight (22.0cm, 122.9g). East region affected with intensive industrial
wastewater and domestic sewage, fertilizers and pesticides from agricultural activities. Twenty eight of M.
surmuletus collected from West region with average length and weight (14.1cm, 38.9g). West region affected
with intensive anthropogenic sewage from residential areas and resort areas pollution. Fish samples were kept
immediately in ice on polyethylene bags and transported to the physiology Lab of NIOF, Alexandria to sustain
freshness. Fish liver, gills and muscle tissues were rapidly excised and kept frozen in cold storage at -20°c until
biochemical analysis. Samples from each organ were homogenized in Tris-buffer 0.1M, pH 7.5, therefore;
centrifugation was carried out at 3000 rpm for 20 min.The supernatant was collected and stored at -20°c for
enzymatic determination.
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Fig.1: Egyptian Mediterranean coast.

2. Biochemical analysis
2.1. Protein determination

Total protein concentration in the supernatant was determined according to the method of Lowry et
al.” and expressed in mg/g wet mass.

2.2. Lipid determination
Total lipid concentration in the supernatant was determined according to the method of Folch et al. !
and expressed in mg/g wet mass.

2.3. Determination of Reduced glutathione (GSH) content

GSH content was determined by using the method described by Beutler et al.?). The method based on
the reduction of 5, 5° dithiobis (2-nitrobenzoic acid) (DTNB) with glutathione (GSH) to produce a yellow
compound. The reduced chromogen directly proportional to GSH concentration. The intensity of the color was
measured at 412 nm. Glutathione content was expressed as mg/g tissue wet weight.

DOI: 10.9790/2402-1005016674 www.iosrjournals.org 67 | Page



The Use of Biomarkers And Biochemical Composition in Tissues of Mullus Surmuletus to Assess

2.4. Determination of Glutathione transferase Activity (GST)

The GST activity was determined in liver, gills and muscles according to the method of Habig et al.
by using 1-chloro-2, 4-dinitrobenzene (CDNB) with reduced glutathione. The conjugation is accompanied by an
increase in absorbance at 340 nm. The rate of increase is directly proportional to the GST activity in the sample
using a (Spekoll 11) Spectrophotometer. The enzymes activity was expressed as U/min /gm tissue.

2.5. Determination of Acetylcholinesterase Activity (AchE)

AChE activity was spectrophotometrically determined in (liver, gills and muscles) according to the
methodology described by Ellman et al. . AchE present in samples degrades acetylthiocholine (substrate);
forming acetate and thiocholine.This degradation makes the consequent conjugation of thiocholine with
DTNB.This allows quantifying cholinesterase activity by assessing the absorbance increase at wave length of
412 nm. Acetylcholinesterase activity was expressed as U /min /gm tissue.

3. Statistical analyses

Statistical Analysis of data was carried out using SPSS Inc. version (16) statistical package. One-way
analysis of variance (ANOVA) and Duncan multiple ranges were used to assess whether the significant
difference between liver, gills and muscles among two regions. Correlation coefficient was calculated to analyze
the relationship between different values of enzyme activity in investigated organs in East and West two regions.
Data were expressed as means and standard deviation (M+SD) and the significance level was set at P<0.05.

1. Results

The studied regions of East and West Alexandria along the Mediterranean coast was selected because
one receives industrial waste, domestic sewage and pesticides from agricultural activities and the other one
receives sewage from residential areas and resort areas. Total protein content in the liver, gills and muscles of
striped red mullet (M. surmuletus) at both East and West regions is shown in Figure (2).The presented results
show that protein content was significantly higher at West than at East in three organs (p<0.05).The highest
protein content was in muscles at both regions compared with its level in liver and gills, however, the lower
value was in gills.
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Fig. 2: Total protein concentration (mg/g wet mass) in the liver, gills and muscles
of (Mullus surmuletus) from East and West of the Mediterranean Sea.

Figure (3) showed significantly increase in the total lipid levels in Mullus surmuletus that obtained
from West more than East in investigated organs (p<0.05). The lipid content in liver was higher than in gills and
muscles at West while lower lipid content was in gills at East region.
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Fig.3: Total lipid concentration (mg/g wet mass) in the liver, gills and muscles
of (Mullus surmuletus) from East and West of the Mediterranean Sea.

Figure (4) showed glutathione content (GSH) was lower in liver, gills and muscles in West than in East.
In addition, liver GSH content was markedly higher than in gills and muscles at East. While it was higher in
muscles than in gills and liver at West.
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Fig.4: The GSH (mg/g protein) in the liver, gills and muscles of (Mullus surmuletus)
from East and West of the Mediterranean Sea.

The activity of glutathione transferase (GST) enzyme was considerably lower in liver, gills and
muscles at West region compared to East region. The higher GST activity was in gills and muscles at East
region. The lowest GST activity was in muscles at West. (Figure 5).
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Fig.5: The activity of GST (U/mg protein) in the liver, gills and muscles of
(Mullus surmuletus) from East and West of the Mediterranean Sea.
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As presented in figure (6) the AchE activity in gills and muscles was significantly lower in East than in
West while the highest values found in liver of both regions. Acetylcholine activity was higher in investigated
organs in West more than in East.
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Fig.6: The activity of AchE (U/mg protein) in the liver, gills and muscles of (Mullus surmuletus)
from East and West of the Mediterranean Sea

The results in table (1) observed the metabolic activity differences between the investigated tissues
depending on tissue types and pollutants of region. The minimum values were observed in muscles except
protein value recorded (17.51) mg/g while the maximum values was recorded in liver and gills of M. surmuletus
for both regions. No statistical significant was found between protein content and AchE activity of the
investigated organs from both East and West. Moreover, a significant differences (p<0.05) were observed for
lipid-GST-GSH and AchE.

Table (1): The relation between means of protein, lipid and antioxidant enzymes activity in investigated
organs of Mullus surmuletus from East and West of the Mediterranean Sea.

Protein Lipid GSH GST AchE

Liver 14.17° 2.38° 48.23° 32.88° 65.16°
Gill 12.38° 2.03 48.60° 33.18° 56.53°
Muscle 17.51° 2.02% 47.72° 31.16° 53.62°

Means with different superscripts in the same column are significantly different at (P<0.05).

The abundance correlations between protein, lipid and the activity of GST, GSH, AchE enzymes in M.
surmuletus are presented in tables (2-4).From the tables, one can see that the relations are highly significant with
a p<0.05 (marked with**") while others are less significant with a p<0.01 (marked with*"). The results from
table (2) indicated a positive significant correlation between (protien and lipid) at P<0.05-(GST and GSH)at
P<0.01, while a negative significant was between (lipid and GST, GSH) - (GST and AchE) - (GSH and AchE)
at P<0.01 in liver fish from East and West.

Table (2): Correlation coefficients between protein, lipid and antioxidant enzymes in liver of
Mullus surmuletus from East and West of the Mediterranean Sea.

Protein Lipid GST GSH AchE
Protein 1 0.370* -0.192 0.018 0.026
Lipid 1 -0.598** -0.532** 0.410
GST 1 0.776** -0.483**
GSH 1 -0.634**
AchE 1

Correlation is significant at P< 0.05 **. Correlation is significant at P<0.01

Table (3) showed a negative significant correlation in gills of M. surmuletus between protein and GSH
(P<0.01), lipid-GST, GSH and AchE-GST, GSH (P<0.01) and a positive correlation were noticed between
protein-AchE (P<0.05), lipid- AchE and GST-GSH (P<0.01).
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Table (3): Correlation coefficients between protein, lipid and antioxidant enzymes in gills of
Mullus surmuletus from East and West of the Mediterranean Sea.

Protein Lipid GST GSH AchE
Protein 1 0.275 -0.078 -0.433** 0.330*
Lipid 1 -0.683** -0.656** 0.508**
GST 1 0.815** -0.560**
GSH 1 -0.423**
AchE 1

*. Correlation is significant at P< 0.05 **. Correlation is significant at P<0.01

Table 4 represented the correlation coefficients of protein, lipid and GST,GSH and AchE in muscles of
M. surmuletus from East and West. The results indicated that there was a positive correlation between protein,
lipid and AchE (P<0.05), (P<0.01) respectively and between GSH and AchE (P<0.01). While a negative
significant relationship were detected between protein and GST -lipid and GST, GSH - GSH and AchE (P<0.01).
There was no significant difference for the protein values between East and West regions in investegated organs
while the significant difference was clear for the antoxidant enzymes.

Table (4): Correlation coefficients between protein, lipid and antioxidant enzymes in muscles of
Mullus surmuletus from East and West of the Mediterranean Sea.

Protein Lipid GST GSH AchE
Protein 1 0.316* -0.460** 0.217 0.440**
Lipid 1 -0.508** -0.560** -0.032
GST 1 0.109 -0.442**
GSH 1 0.438**
AchE 1

*. Correlation is significant at P< 0.05 **. Correlation is significant at P<0.01

IV.  Discussion

The use of biomarkers stands for a fundamental approach in the assessment of ecosystem health.It
allows the early detection of biological changes due to exposure to chemical pollutants, which may result in
long-term physiological disturbances. They are sensitive indicators demonstrating the penetration of a toxic
substance into the organism and its distribution among tissues; therefore they are the decisive indicators of the
toxic effects ““.The United Nations Environment Programme has estimated that 650 million tons of sewage,
129,000 tons of mineral oil, 60,000 tons of mercury, 3,800 tons of lead and 36,000 tons of phosphates are
dumped into the Mediterranean each year. Meanwhile, 70 per cent of the wastewater dumped into the
Mediterranean is untreated.

The two investigated regions were chosen to compare the activity of antioxidant enzymes at East
polluted with industrial wastewater, domestic and agricultural sewage and West region polluted with intensive
anthropogenic sewage. In many biomonitoring studies, the liver is the main target organ for investigation
because of its fast answer to environmental influences, high metabolic activity, and essential function in the
organism while muscles have a lower metabolic rate. This investigation is important and have great significance
to humans because of nutritional importance, especially in the case of commercially important fish species such
as red mullet.

The present results indicated higher protein and lipid levels in West region of Mediterranean coast in
liver and muscles of M. surmuletus while lower levels showed in gills from East region. In some fish species
proteins are importance as bio-catalysts and hormones for control growth so variation of fish protein could be
used as bioindicator for monitoring physiological status of tested fish. In red mullet species, maximum protein
values has been obtained in spring, whether it is not observed considerable differences in seasons °!. These
differences related with; food intake, energy spending, migration, sexual changes during the spawning period,
water temperature and salinity, seasons, environments and age .

In the present study GST activity was high sensitive to environmental changes in gills and muscles than
in the liver of striped red mullet in both regions on contrary Pavlovi¢ et al. ¥ showed less GST activity
sensitive to environmental changes in the white muscle than in the liver of red mullet. Many laboratory
experiments have demonstrated increased level of GST activity following exposure of various fish species to
organic substances commonly occurring in the environment however results of laboratory tests do not always
coincide with results obtained under field conditions. The differences may be caused by the fact that fish under
natural conditions are exposed to a constantly changing composition of chemical substance. Moreover GST
activity was significantly elevated in response of pollution; it could be related to adaptation to a continuous
exposure to pollutants #°.
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It is important that besides physiological and environmental factors the intrinsic biological variations
such as size, tissue specificity, and natural variations of the biochemical responses, such as food availability
become key factors to be considered **. Reduced glutathione (GSH) is a physiologically useful scavenger if the
reaction with superoxide is prevented % The present results indicated that the induction of GSH and GST in
liver and muscles of M. surmuletus at East was in agreement with that recorded in liver and kidney of O.
niloticus captured from sewage polluted sites®™! and in liver of O.niloticus exposed to malathion for three weeks
7 One contrary, some studies of aquatic animals demonstrated that seasonal variations in different biomarkers
were attributable to environmental and biological factors, mainly temperature and metabolic status of the
animals, rather than to the site*®!,

Acetylcholinesterase (AChE) enzyme is responsible for hydrolyzing the neurotransmitter acetylcholine
into choline and acetic acid. The inhibition of AChE is linked directly with the mechanism of toxic action of
organophosphorus and carbamate insecticides, viz. irreversible or reversible binding to the catalytic site of the
enzyme and potentiation of cholinergic effects B°. The present results indicated the inhibition of AchE in liver,
gills and muscles of M. surmuletus from East region compared to West region. The inhibition and the lower
activity of AchE could be explained by the leaching of pesticides into the sea from agriculture and metals
moreover the reduction of AchE activity could be observed also in an industrialized region (East).These results
are agreement with Lionetto et al. “? who reported that heavy metals such as Zinc and Mercury can be
considered as environmental inhibitors for AchE activity in fish. The quantification of this enzyme has been
applied to laboratory and field studies with both vertebrates and invertebrates to assess exposure to
organophosphorus and carbamate insecticides > “. On contrary the use of bioindicators, such as enzyme
activities, in biomonitoring studies is often complicated, because levels of chemical pollutants in the
environment often display wide seasonal variations in response to climate and other factors 3.

Cellular antioxidant defence represents a physiological system, and then changes in the activity of an
individual antioxidant component should be accompanied by subsequent changes in the activity of others 4.
This can be explored statistically by correlation analysis, which determinates probability if the activity of one
component is correlated with another. Statistically significant differences were detected between the three
investigated organs in both regions, indicating a different degree of pollution. Our finding of a positive
correlation between GST and GSH activities in both liver and gills tissues, suggesting a similar pattern for
hydrogen peroxide elimination. At the same time, there was significant positive correlation between GSH and
AchE activities.

Several positive correlations between measured antioxidant components in fish were agreement with
who suggested coordinated regulation of antioxidant enzymes to respond different developmental, seasonal and
environmental impact during life cycle. Comparative analyses of correlations between antioxidant enzymes in
different species, seasons and the environment have been performed in our previous studies “® *1. Furthermore;
the set of biomarkers used indicated different levels of stress in M.surrmuletus paralleling a coastal pollution
degree. It is not obvious if this is a sign of impaired health or an adaptation response to a polluted environment.
A part from natural biological cycles, the annual cycles of climatic conditions my also induce stress in the
organisms thereby triggering antioxidant defences . The results are in accordance with similar monitoring
studies and represent a further support in the assessing the health of coastal areas and how it was affected on
GSH, GST and AchE activities.

[49]

V.  Conclusion
In conclusion the study provides further support for the use of biomarkers in assessing the health of
coastal areas, and also the suitability of Mullus surmuletus as a guide species in the Mediterranean. The
integrated use of AchE and antioxidant enzymes (glutathione or glutathione transferase) in M. surrmuletus,
living in different compartment of marine coastal ecosystem, can find a useful application within the framework
of marine coastal environment monitoring for detecting the possible exposure or effect induced by chemical
pollutants, including pesticides, domestic sewage and industrial wastes, on living marine organism.

References

[1] M Abd-Alla, Concentration of mercury in fresh, brackish and saline waters in Alexandria region. M.Sc. Thesis, Institute of
Graduate Studies and Research, Alexandria Univ., Egypt.1993, 145pp.

[2] SM  Nasr, Geochemistry and granulometric normalization for heavy metals in the bottom sediments off Alexandria, Egypt.
Proceeding of the 2nd conference on the Mediterranean Coastal Environment. MEDCOAST 95. Tarragona, Spain. 1995, 1473-1481.

[3] A El Nemr, ‘‘Impact, Monitoring and Management of Environmental Pollution”’. Nova Science Publishers Inc., Hauppauge, New
York, 2010, 638pp.

[4] A Khaled, A. El Nemr, and A. El Sikaily, Heavy metal contamination in the seaweeds of Abu-Qir Bay. Egypt. Blue Biotechnology
Journal.l (2), 2012, 273-287.

[5] A.C Rietzler, A.L. Fonseca, and G.P. Lopes, Heavy metals in tributaries of Pampulha reservoir Minas, Gerais. Brazilian Journal of
Biology. 61, 2001, 363-370.

DOI: 10.9790/2402-1005016674 www.iosrjournals.org 72 | Page



The Use of Biomarkers And Biochemical Composition in Tissues of Mullus Surmuletus to Assess

(6]
[7]
(8l

[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[1]
[19]
[20]
[21]
[22]
[23]

[24]
[25]

[26]

[27]
[28]

[29]
[30]
[31]

[32]

[33]
[34]
[35]
[36]
[37]
[38]
[39]

[40]

[41]

J Bai, R. Xiao, B. Cui, K. Zhang, Q .Wang, X. Liu, H. Gao, and L. Huang, Assessment of heavy metal pollution in Wetland soils
from the young and old reclaimed regions in the Pearl River Estuary, South China, Environmental Pollution, 159, 2011, 817-824.

C Tsangaris, K. Kormas, E. Strogyloudi, |. Hatzianestis, C. Neofitou, and B. Andral, Multiple biomarkers of pollution effects in
caged mussels on the Greek coastline. Comp.Biochem.Physiol.C.Toxicol.Pharmacol, 151, 2010, 369-378.

V.F Fonseca, S. Franca, A. Serafim, R. Company, B. Lopes, and M.J. Bebianno, Multi-biomarker responses to estuarine
habitatcontamination in three fish species: Dicentrarchus labrax, Solea senegalensis and Pomato schistusmicrops. Aquat.Toxicol.
102, 2011, 216-227.

SF Mehanna, Growth, mortality and spawning stock biomass of the striped red mullet Mullus surmuletus, in the Egyptian
Mediterranean waters. Mediterranean Marine Science, 10(2), 2009, 05-17.

G Relini, J. Bertrand, and A. Zamboni (eds.), Sintesi delle conoscenze sulle risorse da pesca dei fondi Del Mediterraneo centrale
(Italia e Corsica), Biol. Mar. Mediterr., 6 (suppl. 1)1999.

C Porte, and J. Albaigés, Bioaccumulation patterns of hydrocarbons and polychlorinated biphenyls in bivalves, crustaceans, nd
fishes. Arch Environ. Contam. Toxicol., 26, 1993, 273-281

UNEP (United Nations Environmental Programme) Report of the meeting of experts to review the MEDPOL biomonitoring
programme. Athens, Greece, Document UNEP-(OCA)/MED WG., UNEP, Athens, 132/7, 1997.

F Fiorentino, A. Zamboni, M. Rossi, and G.Relini, Relazioni “adulti-reclute” in Mullus barbatus (L., 1758) (Osteichthyes-Mullidae)
Del Mar Ligure: uno studio preliminare, Biol. Mar. Medit., 5 (1), 1998b, 308-316.

R Van der Oost, J. Beyer, and N. Vermeulen, Fish bioaccumulation and biomarkers in environmental risk assessment: a review,
Environ. Toxicol. Pharmacol, 13, 2003, 57- 149.

D Sheehan, J .Mc Intosh, A .Power, and P J. Fitzpatrick, Drug metabolism enzymes of mussels as bioindicators of chemical
pollution. Biochem.Soc.Trans, 23, 1995, 419-422.

L Taysse, C. Chambras, D .Marionuet, C. Bosgiraud,and P.Deschaux, Basal level and induction of cytochrome P450,
EROD,UDPGT, and GST activities in carp (Cvprinus carpio) immune organs (spleen and head kidney), Bull. Environ.Contam.
Toxicol., 6 1998, 300-305.

G.A LeBlanc, Hepatic vectorial transport of xenobiotics. Chem. Biol. Interact., 90(2), 1994, 101-20

T Burgeot, G. Bocquene, C. Porte, J. Dimeet, R M. Santella, L M. Garcia De la Parra, A. Pfhol-Leszkowicz, C. Raoux, and F.
Galganil, Bioindicators of pollutant exposure in the northwestern Mediterranean Sea. Mar.Eco.Prog.Ser., 131, 1996, 25- 141.

Y de Lafontaine, F. Gagne, C. Blaise, G .Costan, P .Gagnon, and H M Chan, Biomarkers in zebra mussels (Dreissena polymorpha)
for the assessment and monitoring of water quality of the St Lawrence River (Canada). Aquatic Toxicology, 50, 2000, 51-71.

JJ Thompson, and RP. Cosson, An improved electrochemical method for the quantification of metallothionein in marine organisms,
Mar Environ Res., 11, 1984, 137-52.

V Matozzo, A. Tomei, and MG. Marin, Acetylcholinesterase as a biomarker of exposure to neurotoxic compounds in the
clam .Tapes Philippi arum from the Lagoon of Venice, Mar. Pollut .Bull., 50(12), 2005, 1686-1693.

F.R De la Torre, L. Ferrari, and N. A. Salibia, Biomarkers of a native fish species (Cnesterodon decemmaculatus) application to the
water toxicity assessment of a peri-urban polluted river of Argentina. Chemosphere, 59(4), 2005, 577-583.

A Sarkar, D. Ray, N.S Amulya, and S Subhodeep, Molecular Biomarkers; Their significance and application in marine pollution
monitoring. Ecotoxicology, 15, 2006, 333-340.

B Nunes, The use of cholinesterases in ecotoxicology, Rev.Env.Contam. Toxicol., 212, 2011, 29-59.

OH Lowry, NJ. Rosebrough, AL. Farr, and RJ. Randall, Protein measurement with the Folin-Phenol reagents, J. Biol .Chem., 193,
1951, 265-275.

J Folch, M. Less, G.H. Sloane Stanley, A Simple Method for the Isolation and Purification of total lipids from Animal Tissues, J.
Biol.Chem., 226, 1957, 497-509.

E Beutler, O. Duron, and BM. Kefly, Improved method for the determination of blood glutathione, J. Lab. Clin. Med., 61, 1963,882.
W Habig, M.J. Pabst, and WB. Jakoby, Glutathione S-transferase A first Enzymatic step in Mercapturic acid Formation. J.Biol.
Chem., 249, 1974, 7130-7139.

G L Ellman, K.D. Courtney, JR. Valentino Andrers, and R.M. Featherstone, A new and rapid colorimetric determination of
acetylcholinesterase activity. Biochemical Pharmacology, 7, 1961, 88-95.

A Tulgar, and N. Berik, Effect of Seasonal Changes on Proximate Composition of Red Mullet (Mullus barbatus) and Hake
(Merluccius merluccius) were catched from Saroz Bay, Tulgar and Berik / Research Journal of Biology, 2(2), 2012, 45-50.

S. Miniadis, C. Dimizas, V. Loukas, A. Moukas, A. Vlachos, N. Thomaidis, V. Paraskevopoulou, and M. Dasenakis, proximate
Composition, Fatty Acids, Cholesterol, Minerals in Frozen Red Porgy. Chemistry and Physics of Lipids, 46, 2007, 104-110.

SZ Pavlovi¢, SS. Borkovi¢, TB. Kovacevi¢, BI. Ognjanovié, RV. Zikié, AS. gtajn, and ZS. Sai¢i¢, Antioxidant defense enzyme
activities in the liver of red mullet (Mullus barbatus L.) from the Adriatic Sea: the effects of locality and season. Fresen .Environ.
Bull., 17, 2008, 558-563.

NS Gad, Impact environmental pollution in the southern region of Lake Manzalah on some biochemical parameters of Tilapia zilli.
J.Egyptian Germany Soc.Zool.(comparative physiology),48,2005,279-289

P.S. Lau, H.L. Wong, Effect of size, tissue parts and location on six biochemical markers in the green-lipped mussel,Perna viridis.
Mar. Pollut. Bull. 46, 2003, 1563-1572.

R Munday, and C.C. Winterbourn, Reduced glutathione in combination with superoxide dismutase as an important biological
antioxidant defence mechanism. Biochem. Pharmacol., 15, 1989, 4349-4352.

RR Hamed, NM. Farid, SS. Elow, AM. Abd Alla, Glutathione related enzyme level of fresh water fish as bioindicator of pollution.
Environmental list, 23, 2003, 313-322.

NS Gad, Biochemical responses in Orecohromis niloticus after exposure to sublethal concentration of different pollutants, Egyptian
J.Aqua. Biol. Fish., 10, 2006, 181-193.

S Leinid, and KK. Lehtonen, Seasonal variability in biomarkers in the bivalves Mytilus edulis and Macoma balthica from the
northern Baltic Sea. Comp. Biochem. Physiol., 140 C, 2005, 408-421.

A Sarkar, D. Ray, N.S. Amulya, Molecular Biomarkers: Their significance and application in marine pollution monitoring
Ecotoxicology-2006 Springer Science+Business Media, LLC.

MG Lionetto, R. Caricato, ME. Giordano, MF. Pascariello, L. Marinosci and T. Schettino, Integrated use of biomarkers
acetylcholinesterase and antioxidant enzymes activities) in Mytilus galloprovincialis and Mullus barbatus in an Italian coastal
marine area. Mar.Pollut.Bull., 46, 2003, 324-330.

S Pfeifer, S. Doris, and JW. Dippner, Effect of temperature and salinity on acetylcholinesterase activity, a common pollution
biomarker, in Mytilus sp. from the south-western Baltic Sea. J Exp Mar Biol Ecol., 320(1) 15, 2005, 93-103.

DOI:

10.9790/2402-1005016674 www.iosrjournals.org 73 | Page



The Use of Biomarkers And Biochemical Composition in Tissues of Mullus Surmuletus to Assess

[42]

[43]

[44]

[45]

[46]

[47]

P Magni, G. De Falco, C. Falugi, M. Franzoni, M. Monteverde, E. Perrone, M. Sgro, and C. Bolognesi, Genotoxicity biomarkers
and acetylcholinesterase activity in natural populations of Mytilus galloprovincialis along a pollution gradient in the Gulf of
Oristano (Sardinia, western Mediterranean) Environ. Pollut. 2005, Elsevier, Amsterdam

D Sheehan, and A. Power, Effects of seasonality on xenobiotic and antioxidant defence mechanisms of bivalve molluscs.
Comp.Biochem. Physiol., 123C, 1999, 193-199.

S.S Barkovic, J.S. Saponjic, S.Z. Pavlovic, D.P.Blagojevic, S.M.Milosevic, T.B. Kovacevic ,R.M. Radojicic, M.B. Spasic,R.V. Zikic
and Z.S. Saicic, The activity of antioxidant defence enzymes in the mussel Mytilus galloprovincialis from the Adriatic Sea
Comparative Biochemistry and Physiology, 141 C 2005, 366-374.

B. Speers-Roesch, and J.S. Ballantyne, Activities of antioxidant enzymes and citochrome oxidase in liver of Arctic and temperate
teleosts. Comp. Biochem. Physiol. A., 140, 2005, 487- 494.

S.Z Pavlovic, D. Belic, D.P. Blagojevic, R.M. Radojicic, R.V., Zikic’, Z.S. Saicic, G.G. Lajxic’, and M.B. Spasic, Seasonal
variations of cytosolic antioxidant enzyme activities in liver and white muscle of thin lip gray mullet (Liza ramada Risso) from the
Adriatic Sea. Cryo- Lett. 25, 2004, 273- 285.

A. Jovanovic’-Galovic’, D.P. Blagojevic’, G. Grubor-Lajxic’, R. Worland, and M.B. Spasic, Role of antioxidant defense during
different stages of preadult life cycle in European corn borer (Ostrinia nubilalis, Hubn.): diapause and metamorphosis. Arch. Insect
Biochem. Physiol.55, 2004, 79-89.

DOI: 10.9790/2402-1005016674 www.iosrjournals.org 74 | Page



