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Summary

In this study, the normal levels of various oxidative stress biomarkers in skeletal muscle in the Turkey
freshwater fishes Alburnus filippii and Acanthalburnus microlepis were investigated. Fifty A. filippii (mean
weight 5-10 g) and fifty A. microlepis (mean weight 5-8 g) were caught in Kura-Aras river basin in Easterian
Turkey. The oxidative stress biomarkers that were analyzed included superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GSH-Px) and, glutathione–S transferase (GST). Levels of reduced glutathione
(GSH) and thiobarbituric acid reactive substances (TBARS) were also evaluated. The skeletal muscle
antioxidant activity was generally higher in A. filippii than A. microlepis while SOD, GST activity was
similar in the muscle of both species. CAT activity in skeletal muscle of A. microlepis was significantly
higher than in the A. flippii (p<0.001) this finding becomes to this muscle in one of the most severally
affected.
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Alburnus filippii (Kessler, 1877) ve Acanthalburnus microlepis’te
(Filippii, 1863) Lipit Peroksidasyonu ve Antioksidan Enzimler:

Karşılaştırmalı Bir Çalışma

Özet

Bu çal�şmada, Türkiye tatl� su bal�ğ� Alburnus filippii ve Acanthalburnus microlepis’in iskelet kaslar�ndaki
çeşitli oksidatif stres göstergelerinin normal seviyeleri araşt�r�ld�. Türkiye’nin Kuzey Doğu Anadolu Bölgesi,
Kura-Aras nehri havzas�nda ortalama 5-10 g ağ�rl�ğ�nda 50 adet A. filippii ve ortalama 5-8 g ağ�rl�ğ�nda 50
adet A. microlepis yakaland�. Uygun koşullarda laboratuvara getirilen bu bal�klar�n iskelet kaslar�nda
süperoksit dismutaz (SOD), katalaz (CAT), glutatyon peroksidaz (GSH-Px) ve glutatyon S-transferaz (GST)
enzimlerini içeren oksidatif stress göstergelerinin seviyeleri analiz edildi. Redükte glutatyon (GSH) ve
tiyobarbitürik asit reaktif maddelerinin (TBARS) seviyeleri de değerlendirildi. Iskelet kas�nda antioksidan
aktivite yönünden SOD ve GST enzimleri her iki türde de benzer sonuçlar verirken genel olarak antioksidan
aktivite A. filippii’de daha yüksek düzeyde görüldü. A. microlepis’in iskelet kas� CAT aktivitesi A. filippii’den
önemli oranda (p<0.001) daha yüksek tespit edildi. Bu bulgularla bal�klar�n iskelet kas�nda antioksidan
aktivite yönünden özellikle CAT enzimi bak�m�ndan A. microlepis iskelet kas�n�n çok daha etkili olduğu,
diğer oksidatif stress göstergelerinin ise A. filippii’de daha fazla olduğu sonucuna var�ld�.
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INTRODUCTION

Fish are particularly sensitive to environmental
contamination of water, and pollutions may signi-
ficantly damage certain physiological and bio-
chemical processes when they enter the tissues of
fish 1. Because metabolism of toxicant at extra
hepatic stress is likely to be involved in systemic
effects on reproduction, immune function, and
other cellular functions 2-4. It is generally accepted
that high level of oxygen consumption, seen in
skeletal muscle compared to other tissues, results
in higher concentrations of ROS 5.

Aerobic organisms generate reactive oxygen
species (ROS) such as super oxide anion radical
(O2-.), hydrogen peroxide (H2O2) and hydroxyl
radical (.OH) as a result of oxidative metabolism.
.OH can initiate lipid peroxidation (LPO) in tissues
6. The minimize the negative effects of ROS, fish,
like other vertebrates, process an antioxidant
defence system, which utilizes enzymatic and
non-enzymatic mechanisms. ROS are highly
reactive molecules, that indiscriminately interact
with essential macromolecules, such as DNA,
proteins and lipids, leading to the disturbance of
physiological processes 7. The enzymes that
provide the first line of defence against O2-. and
H2O2 include SOD (EC 1.15.1.1), CAT (EC
1.11.1.6), GST( E 2.5.1.18), and GSH-Px (EC
1.11.1.9).

Antioxidant enzymes act as scavengers of the
highly reactive intermediates produced in hydro-
carbon metabolism to maintain cell homeostasis.
Generally, these enzymes respond differently to
different chemical compounds. An individual
antioxidant enzyme is unable to provide a general
marker of oxidative stress because of the
complexity of interactions between provident
factors and antioxidants. Therefore multiple anti-
oxidant enzyme values are often measured
together to indicate the total oxyradical scavenging
capacity, which has a greater indicating value 8,9.

Estimation of lipid peroxidation has been
successfully employed in aquatic bio monitoring
studies 10,11. The extent of lipid peroxidation is
determined by balance between the production of
oxidants and the removal and scavenging of those
oxidants by antioxidants 12.

The family Cyprinidae is the richest and most
important family of fish, and its members are
distributed throughout the world 13-15. The vast
majority of boned fish belongs to this family in
Turkey, and these are distributed widely in fresh-
water sources. Although this family is represented
by approximately 1500 species worldwide, there
are only 70 species in Turkey .

We assessed normal changes in activities of
both detoxification and antioxidant enzymes as
well as lipid peroxidation and reduced glutathione
levels in skeletal muscle of Alburnus  filippii and
Acanthalburnus microlepis to determine ability
tolerate the pollution of endemic fish species.

MATERIAL and METHODS

Alburnus  filippii (n:50) and Acanthalburnus
microlepis (n:50) males  (mean weight 5-10 g) and
Acanthalburnus microlepis (mean weight 5-8 g)
were caught in Kura-Aras river basin in eastern
Turkey.

The experimental animals, the Alburnus
filippii and Acanthalburnus microlepis were
obtained were transported alive to the laboratory,
and kept in a well-aerated aquarium for 7 days at
20-25οC to acclimatize before analysis. Both fish
species were fed the same artificial diet, with an
approximate chemical composition of 28.0% of
protein, 3.5% lipid, 2.0% fiber, 7.0% ashes,
7.0% water vitamin A 28 800 IE, D3 1800 IE, E
95 mg, L-ascorbic acid 137 mg, and 7.0%
carbohydrates. 

Both of groups were killed. Their skeletal muscles
were removed out immediately on an ice-cold
plate, washed in physiological saline solution
(0.59% NaCl), weighed, frozen in liquid nitrogen
and kept at -80οC until analysed.

The skeletal muscles were homogenized in
0.25 M sucrose buffer (pH 7.4) using a steel
homogenizer and then centrifuged at 9500 g for
30 min at centrifuge. The entire homogenization
process was carried out at 4οC. Supernatants of
tissue homogenate were used to determine
antioxidant enzyme activities and TBARS and
protein concentrations using a spectrophoto-
meter.
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Chemical Analysis

Lipid peroxidation contents were measured
with TBARS in muscle homogenate by the method
of Placer et al. 16, modified by Matkovics et al. 17,
and was expressed in terms of the malon-
dialdehyde (MDA) content, which served as a
standard of 1,1,3,3-tetraethoxypropone (Sigma
Chemical Company, St Louis, MO, USA). The
values of MDA-reactive material were expressed
in terms of TBARS (nmol/mL hemolyzed nmol/g
tissue). GSH-Px (EC 1.11.1.9) activities of the
skeletal muscles homogenate samples were
measured spectrophotometrically at 37οC and 412
nm according to Lawrence and Burk 18. Catalase
levels were determined using the methods
described by Aebi 19. The CAT mediated the
decomposition of H2O2 was followed directly at
240 nm. Glutathione S- transferase (GST) and
SOD activities of the skeletal muscles were
assayed according to the method of Habig et al. 20.
Reduced glutathione (GSH) was measured by the
method of Beutler et al. 21. The activity of the
enzymes and tissue GSH concentrations were
calculated for 1 g protein content from the 13000
g supernatant fraction and protein concentration,
in supernatants were determined by Folin-phenol
reagent with bovine serum albumin as the
standard 22.

Statistical Analysis

The collected values as mean±SE were
statistically analysed (student’s t-test) and
evaluated using the SPSS 6.0 (1993) software
program P values <0.001, 0.01, 0.05 were
considered significant 23.

RESULTS

In skeletal muscle, TBARS and GSH levels in A.
filippii was significantly higher than in A.
microlepis. The SOD activity was similar in the
muscle of both species. The CAT activity in
muscle of A. microlepis was significantly higher
than in the A. filippii. The GSH-Px activity in
skeletal muscle of A. filippii was significantly
higher than in the A. microlepis, while GST
activity was very similar in both species.

DISCUSSION

Like all aerobic organisms, fish are also
susceptible to the attack of reactive oxygen
species and, as a consequence, have an anti-
oxidant defense system, as demonstrated by Works
dating primarily to the 1970s. Several circum-
stances promote the antioxidant defense response
in fish. Factors intrinsic to the fish itself, such as
age, phylogenetic position, karyotype analysis,
and feeding behavior, as well as environmental
factors such as the type of diet supplied, daily or
seasonal changes in temperature, dissolved
oxygen, toxins present in the water, pothole dis-
solved oxygen, and toxins present in the water,
can either fortify or weaken antioxidant defenses
24,25. 

Buet et al. have observed the changes in
oxidative stress parameters in fish as response to
direct uranium exposure. They have determined
the dose-dependent accumulation of uranium (U)
waterborne in gills of juvenile rainbow trout
following short-term exposure that direct exposure
of fish to natural uranium had not induced catalase
and SOD activities that are involved in the
protection of organisms against reactive oxygen
species. Contrary to what had observed for some
other heavy metals in other conditions, the res-
ponse of both enzymes was significantly reduced
by U exposure suggesting a possible deterioration
of the protective defense system of fish 26. Soyer et
al. have investigated the effect of glazing and
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Table 1. TBARS, GSH and SOD, GSH-Px, CAT, SOD activity in
the skeletal muscle of Alburnus filippii and Acanthalburnus
microlepis  (mean±S.E.M)
Tablo 1. Alburnus filippii ve Acanthalburnus microlepis
iskelet kasında TBARS, GSH ve SOD, GSH-Px, CAT, SOD
aktivitesi (mean±S.E.M)

PARAMETERS
Acanthalburnus

microlepis 
(n=50)

Alburnus
filippii 
(n=50)

TBARS (nmol/g tissue)
GSH (nmol/g tissue)
SOD (U/mg pro)
GSH-Px (U/mg pro)
CAT (kU/mg pro)
GST (U/g pro)

73.3±4.1
75.6±3.7

0.037±0.003
0.024±0.002

7.68±0.5*
3.89±0.12

82.9±3.4*
79.8±4.1*

0.038±0.002
0.029±0.003*

6.06±0.6
3.95±0.18

*p<0.001



storage time on lipid oxidation of frozen fish.
Results that involved thiobarbituric acid reactive
substances (TBARS) and free fatty acids (FFA) as
lipid oxidation parameters have indicated that
glazing with some antioxidants or water of the fish
retarded lipid oxidation when compared to control
samples during frozen storage 27. In the study
another has determined that can substantially
affect both physiological status and muscle tissue
quality when fish exposed to cyanobacterial water
blooms are under stress. Observations have in-
dicated that exposure of fish to toxic cyano-
bacterial blooms induces oxidative stress, a
fundamental factor of numerous diseases and
accelerated ageing in living organisms 28. Avc� et
al. have observed that there was significant
oxidation in the muscle tissue of the fish obtained
in the river downstream of the industry compared
to those obtained upstream of the industry.
Although there were no meaningful differences
between the SOD and GSH-Px activities, CAT
activities has found to be reduced in the muscle
tissues from the fish obtained downstream. In the
liver tissues, the SOD and GSH-Px activities were
found to be increased in the fish obtained down-
stream but no differences were observed in the
CAT values 29. Lenartova et al. have observed total
GST activity was higher in fish from polluted areas
30. The circumstances possible in our explanations
will be differently for various pathways. These
may demonstrate with the scientific studies that
results of biochemical parameters are consistent
with reported studies. 

Mitochondria are the sites where ROS are
mainly produced, and red muscles are the most
important source of mitochondria in endodermis.
Therefore, this tissue is considered to be the main
contributor to ROS generation in mammals and
birds. However, in most fish muscle makes up
only a small proportion of tissues, and other tissues
such as liver, kidney and also gills are more
important in this regard 3,4,31.

It is known that vertebrate liver exhibits high
metabolism and oxygen consumption, and it
probably best represents the status of antioxidant
defenses in organisms, and therefore, it is fre-
quently referred to in the literature 32-34. There was
no evidence of biochemical in Alburnus filippii
and Acanthalburnus microlepis.  We assessed
changes in activities of both detoxification and

antioxidant enzymes as well as lipid peroxidation
levels in skeletal muscle of A.  filippii and A.
microlepis.

The lower oxygen consumption by Cyprinidae
may explain the lower activity of the antioxidant
enzymes. Another possible explanation, according
to some authors, is that antioxidant enzymes
appear to correlate with phylogenetic position,
where more ancestral species exhibit less activity
35,36. Also, atmosphere with a large percentage of
O2 (80%) causes oxygenation of heme pigments
present in meat when the oxygen molecule binds
to the central iron atom 37. The formation of deep-
red oxymyoglobin stabilizes the naturally red
colouring of meat. In our experiment, too, we ob-
served colouring different from normal of muscle
tissue occurred as a result of oxymyoglobin
formation. 

In this study skeletal muscle, TBARS and GSH
levels A. filippii was significantly higher than A.
microlepis. GSH has been reported as a cofactor
in thiol-disulfide Exchange reactions in the pro-
tection of protein-SH groups. These groups are
involved in cell division, and their oxidation
results in damage to this important function 38. In
fact, the progress of embryonic development is
delayed by oxidative stress and protein-thiol group
oxidation 39. Oxidation processes in muscle may
be related with the length of storage 40. The TBARS
and GSH levels and levels of the other parameters
determined are influenced especially by barrier
properties of the packaging sheet and biochemical
processes in muscle tissue that determine keeping
quality of meat and its colouring. 

Also, in all muscles SOD activity in A. filippii
was greater than in A.  microlepis (Table 1). This is
also reflected in the percentage of activity in the
totality of the skeletal muscle.

CAT activity, found mainly in peroxisomes, is
associated with elevated concentrations of H2O2.
We detected higher activity of this enzyme in both
species. In the muscle of both species a positive
relationship was found between SOD and CAT, as
reported for other fish 4. It is possible that the
function of SOD, necessary for the formation of
H2O2 on which CAT acts, might also involve the
intervention of other enzymes, such as glycolate
oxidase or urate oxidase 41. On the other hand,
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based on the example of the digestive tract of the
fish, high values of SOD activity may be asso-
ciated with a low CAT activity, which in a certain
way could be of set by a high GSH-Px and GSH
levels, as found in this muscle.

It is reported that glutathione system constitutes
a sensitive biochemical indicator of chemical
pollution 42. Fish from the contaminated area dis-
play a tendency toward decreased GST activity.
This might be related to the fact that xenobiotics
are detoxicated by GST pathways, which thus
enabled fish exposed to toxic pollutants to survive
42,43. We have demonstrated the presence of GSH
S-transferase activity at very early stages of the
Cyprinidae development. We have investigated
the biochemical parameters will be useful to
determine effects on probable toxication and
oxidative stress in endemic two fish species of
water pollution for Kura-Aras River but these
biochemical parameters also need to be studied
many times for each different species in this
region. Our results we believe to highly advantage
to probable studies for continuity of endemic
species.

Further studies, particularly comparative ones
which take into consideration different physio-
logical situations, will shed more light on the
functional complexity of the Alburnus filippii and
Acanthalburnus microlepis antioxidant defences
with the aim of optimizing farming conditions of
both species.

REFERENCES

Long G, Kufcsak O, Szegletes T, Nemcsok J: Quantitative
distributions of different cholinesterases and inhibition of
acetylcholinesterase by metidathion and paraquat in
alimentary canal of common carp. Gen Pharmacol, 29,
55-59, 1997.
Stegeman JJ, Hahn ME: Biochemistry and molecular
biology of monooxygenases: Current perspectives on
forms, functions, and regulation of cytochrom P450 in
aquatic species. In, Malins DC, Ostrander GK (Eds):
Aquatic Toxicology-Molecular, Biochemical and Cellular
Perspective, CRC, Boca ration, FL., USA. 87-206, 1994.
Jos A, Pichardo S, Prieto A, Repetto G, Vázque CM,
Moreno I, Cameán AM: Toxic cyanobacterial cells
containing microcystins induce oxidative stres in exposed
tilapia fish (Oreochromis sp) under laboratory conditions.
Aquat Toxicol, 72, 261-271, 2005.
Trenzado C, Hidalgo MC, García-Gallego M, Morales AE,
Furné M, Domezain A, Domezain J, Sanz A: Antioxidant
enzymes and lipid peroxidation in sturgeon Acipenser

naccarii and trout Oncorhynchus mykiss. A comparative
study. Aquaculture, 254, 758-767, 2006.  
Fulle S, Protasi F, Di Tano G, Pietrangelo T, Beltramin A,
Boncompagni S, Vecchiet L, Fano G: The contrubution of
reactive oxygen species to sarcopenia and muscle ageing.
Exp Gerontol, 39, 17-24, 2004.
Halliwell B, Gutteridge JMC: Free radicals in biology and
Medicine, 3rd ed. Oxford Universty Press, Oxford, 2000.
Cnubben NHP, Rietjens IMCM, Wortelboer H, Van-
Zenden J, Van-Bladeren PJ: The interplay of glutathione-
related processes in antioxidant defence. Environ Toxicol
Pharmacol, 10, 141-152, 2001.
Regoli F, Gorbi S, Frenzilli G, Nigro M, Corsi I, Focardi
S, Winston GW: Oxidative stres in ecotoxicology: From
the analysis of individual antioxidants to a more
integrated approach. Mar Environ Res, 54, 419-423,
2002.
Jifa W, Zhiming Y, Xiuxian S, You W: Response of
integrated biomarkers of fish (Lateolabrax japonicus)
exposed to benzo [a]pyren and sodium dodecylbenzene
sulfonate. Ecotoxicology and Environmental Safety, 65,
230-236, 2006.
Fatima M, Ahnad I, Sayeed I, Athar M, Raisddin S:
Pollutant-induced over-activation of phagocytes is
concomitantly associated with peroxidative damage in
fish tissues. Aquat Toxicol, 49, 243-250, 2000.
Sayeed I, Parvez S, Pandey B, Bin-Hafeez BR, Haque R,
Raisuddin S: Oxidative stres biomarkers of exposure to
deltamethrin in freswater fish, Channa punctatus Bloch,
Ecotoxiciol Environ, 56, 295-301, 2003.
Hazarika A, Sarkar SN, Hajare S, Kataria M, Malik JK:
Influence of malathion pretreatment on the toxicity of
anilofos in male rats: A biochemical interaction study.
Toxicology, 185, 1-8, 2003.
Berg LS: Freshwater Fishes of the U.S.S.R. and Adjacent
Cou. Vol. 2, 4th ed. Israel Program for Scienctific
Translations Ltd Jerusalem. (Russian version published
1949), 1964.
Al-Sabti K: Handbook of Genotoxic Effects and Fish
Chromosomes. 169-221, Jozef Stefan Institute, Llubljana,
Yugoslavia, 1991.
Bogutskaya NG: Contribution to the knowledge of
leuciscine fishes of Asia Minor. Part 2. An annotated
check-list of leuciscine fishes (Leuciscinae, Cyprinidae) of
Turkey with descriptions of a new species and two new
subspecies. Mitt Hamb Zool Mus Inst, 94, 161-186, 1997.
Placer ZA, Cushman LL, Johson BC: Estimation of product
of lipid peroxidation (malonyldialdehyde) in biochemical
systems. Anal Biochem, 16, 359-364, 1966.
Matkovics B, Szaboand ISZ, Varga I: Determination of
enzyme activities in lipid peroxidation and glutathione
pathways (in Hungarian). Lab Diagnos, 15,248-249,
1988.
Lawrence RA, Parkhill LK, Burk RF: Hepatic cytosolic
non-selenium-depent glutathione peroxidase activitiy. Its
nature and the effect of selenium deficiency. J Nutr, 108,
981–987, 1987.
Aebi H: Catalase, In, Bergmeyer HU (Ed): Methods of
Enzymmatic Analysis, H.U. Verlag Chenie: Deerfield
Beach. FLVCH, 273-286, 1987.
Habig WH, Pabst MJ, Jakaby WB: Glutathione S-
transferase. The first enzymatic step in mercapturic acid
formation. J Biol Chem, 249, 7130-7139, 1974.

GÜVEN, GÜL, KAYA, NUR
DEVECİ, KAYA

17

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.



Beutler E, Duron O, Kelly BM: Improved method for the
determination of blood glutathione. J Lab Clin Med, 61,
882-888, 1963.
Lowry OH, Rosenbrough NJ, Far AL, Randal RJ: Protein
measurement with the folinuphenol reagent. J Biol Chem,
193, 265, 1951.
Federation of Clinical Chemistry (IFFC). Eur J Clin Chem
Biochem, 25, 337-342, 1987.
Parvez S, Raisuddin S: Copper modulates non-enzymatic
antioxidants in the freshwater fish Channa punctata
(Bloch) exposed to deltmethrin. Chemosphere, 62, 1324-
1332, 2006.
Pascual P, Pedrajas JR, Toribio F, Lopez-Barea J, Peinado
J:  Effect of food deprivation on oxidative stres biomarkers
in fish (Sparus aurata). Chemico-Biological Interactions,
145, 191-199, 2003.
Buet A, Barillet S, Camilleri V: Changes in oxidative stress
parameters in fish as response to direct uranium exposure.
Radioprotection, 40, 151-155, 2005.
Soyer A, Şahin ME: Dondurulmus Kolyoz (Scomber
japonicus) bal�klar�ndaki lipid oksidasyonuna glazele-
menin ve depolama süresinin etkis. Tr J Vet Anim Sci, 23,
575-584, 1999.
Blaha L,  Kopp R,  Imkova R,  Mare J :  Oxidat ive
s t r e s s biomarkers are modulated in Silver Carp
(Hypophthalmichthys molitrix Val.) , Acta Vet, 73,
477–482, 2004.
Avc� A, Kaçmaz M, Durak İ: Peroxidation in muscle and
liver tissues from fish in a contaminated river due to a
petroleum refinery industry. Chemico-Biological
Interactions, 145, 191-199, 2003.
Lenartova V, Holovska K, Pedrajas JR,  Lara EM, Peinado
J, Barea JL,  Rosival I, Kosuth P: Antioxidant and
detoxifying fish enzymes as biomarkers of river pollution.
Biomarkers, 2, 247–252, 1997.
Flohé L, Günzler WA: Assay of glutathione peroxidase.
Methods in Enzymology, 105, 114-120, 1984.
Chance B, Sies H, Boveris A: Hydroperoxide metabolism
in mammalian organs. Physiol Rev, 59, 527-605, 1979.

Davies KJA: Oxidative Damage and Repair: Chemical,
Biological and Medical Aspects. Oxford/New York,
Pergamon Press, pp 99-109, 1991.
Wilhelm-Filho D, Boveris A: Antioxidant defenses in
marine fish-II. Elasmobranchs. Comp Biochem Physiol,
106, 415-418, 1993.
Rabie F, Magid AMA, Guma’a, KA, Karrar O: Evoluation
of catalase in fish. Comp Biochem Physiol, 43A, 1053-
1055, 1972.
Toppel ME, Chaudiere J, Tappel AL: Glutathione
peroxidase activities of animal tissues. Comp Biochem
Physiol, 73B,945-949, 1982.
Ježek F, Buchtová H: Physical and chemical changes in
fresh chilled muscle tissue of common carp (Cyprinus
carpio L.) packed in a modified atmosphere. Acta Vet, 76,
83-92 2007.
Goddard MJ, Pratt HPM: Control of events during early
cleavage of the mouse embrio: An analysis of the 2-cell
blocks. J Embryol Exp Morph, 73, 111-133, 1983.
Goto Y, Noda Y, Narimoto K, Umaoka Y, Mori T:
Oxidative stres on mouse embrio development in vitro.
Free Radic Biol Med, 13, 47-53, 1992.  
Tokur B, Korkmaz K: The effects of fenton type
(Fe+2/H2O2) oxidation system on lipid and protein
oxidation of grey mullet (Mugil cephalus). J Fish Sci, 1,
41-47, 2007.
Nagai T, Inada J, Hamada M, Kai N, Tanous Y, Kaminishi
Y, Nakagawa H, Fujiki K, Nakao M, Yano T: Distribution
of glutathione peroxidase activity in fish. Fish Sci, 65,
665-666, 1999.
Gül Ş, Kurutaş EB, Y�ld�z E, Şahan A, Doran F: Pollution
correlated modifications of liver antioxidant systems and
histopathology of fish (Cyprinidae) living in Seyhan Dam
Lake, Turkey. Environment International, 30, 605–609,
2004.
Chatterjee S, Bhattacharya S: Detoxication of industrial
pollutants by the gluthathione, gluthathione-S-transferase
system in the liver of Anabas testudineu. Toxicol Lett, 22,
187– 198, 1984.

Antioxidant Enzymes and Lipid...
18

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

38.

40.

41.

42.

43.


