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1. Introduction

Living systems encounter a variety of stresses during their continuous interaction with
environment. Environmentally-induced stresses frequently activate the endogenous
production of reactive oxygen species (ROS), most of which are generated as side products
of tissue respiration. Hence, constant exposure to stressors may enhance ROS-mediated
oxidative damage. Increased number of agricultural and industrial wastes enter aquatic
environment and being taken up by aquatic organisms induce plural changes. Some of them
directly enhance ROS formation whereas others act indirectly, for example, by binding with
cellular thiols and reducing antioxidant potential. Fish are particularly threatened by water
pollution. The use of sentinel species in biomonitoring needs to be discussed due to different
level of their vulnerability by environmental toxicants.

Oxidative stress is defined as a situation when steady-state ROS concentration is transiently
or chronically enhanced, disturbing cellular metabolism and its regulation and damaging
cellular constituents (Lushchak, 2011). The activation of oxidative manifestations leads to
the response of antioxidants, activation of expression of genes encoding antioxidant
enzymes, elevation of the concentration of ROS scavengers. Nevertheless, there are
considerable gaps in our knowledge on response to oxidative stress, particularly in the feral
animals. Indeed, in field studies, wide spectrum of inter-site differences (higher, equal or
lower activities of various antioxidant enzymes with tissue peculiarities and disbalance)
have been observed in polluted compared to clean areas reflecting both mild stress
conditions of the location or strong oxidative damage. Different models of the aquatic
animal response, therefore, need to be analysed before conclusions can be drawn. In any
case, the integrated approach with the appreciation of balance between prooxidant
manifestations and antioxidant defence (enzymatic and nonenzymatic) in biological systems
needs to be a control point to assess toxic effects under stressful environmental conditions.

In field investigations, there are problems on selection of reference sites even in the cases
when these sites were selected by generally appreciated criteria. It is clear that, given the
spontaneous human activities, we will not be able to find a true reference site in some areas.
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The practical use of oxidative stress markers in fish is also connected to significant
difficulties, because of their considerable seasonal variation. Moreover, animals can adapt to
low pollution conditions and, under these circumstances, seasonal factors might affect
biomarker responses to a greater extent than pollution variations. Therefore, with the aim to
standardize the results and avoid the effect of adaptation to chronically polluted
environment, caged organisms, including fish are used for biomonitoring. However, for
fish, the responses of caged specimens are studied sparsely.

This chapter summarizes current knowledge on oxidative stress responses of fish in field
conditions and their potential for environmental toxicology studies and biomonitoring.

2. Peculiarities of field pollution as a stressful factor

Unlike model oxidative stress that is usually caused by singular substance acting under
controlled laboratory conditions (concentration, period) (Bagnyukova et al., 2005, 2006, 2007;
Kubrak et al., 2010; Lushchak et al., 2007, 2008, 2009a,b,c; Yi et al., 2007; Sun, et al., 2008),
environmental impact is usually developed according to multiple stressor effects. Indeed,
ecosystems are under the pressure of complex mixtures of contaminants released in the
environment due to various human activities. They may originate from miscellaneous
sources such as chemical and drug manufacture, domestic sewage, polymer and
petrochemical-based industries, oil refineries, mining, glass blowing, battery manufacture
and many others. Hydrological changes, hydromorphological degradation and invasive
species also can contribute to the set of stressing factors (Amado et al., 2006; Sureda et al.,
2006; dos Anjos et al., 2011). According to origin, two primary routes of pollution can be
selected: (1) point-source pollution and (2) non-point-source pollution. Point-source
pollution originates from discrete sources whose inputs into aquatic systems can often be
defined in a spatially explicit manner. Examples of point-source pollution include industrial
effluents (pulp and paper mills, steel plants, food processing plants), municipal sewage
treatment plants and combined sewage-storm-water overflows, resource extraction
(mining), and land disposal sites (landfill sites, industrial impoundments). In opposit, non-
point-source pollution originates from diverse poorly defined, diffuse sources that typically
occur over broad geographical scales. Examples of non-point-source pollution include
agricultural runoff (pesticides, pathogens, and fertilizers), storm-water and urban runoff,
and atmospheric deposition (wet and dry deposition of persistent organic pollutants such as
polychlorinated biphenyls (PCBs) and mercury) (Ritter et al., 2002). Basically the most
prevalent xenobiotics arising out of agricultural and industrial activities are pesticides and
trace metal ions.

Two examples will illustrate the complexity of natural water pollution that gives very poor
prediction of its impact on biota. The first one is connected with industrial area, in the
estuary near the city Goteborg, at the Swedish Western coast. The analyses of the sediments
in this area showed high concentrations of anthropogenic compounds, such as polycyclic
aaromatic hydrocarbons (PAHs), PCBs, tributyl tin, and dioxin, as well as transition metal
ions. Toxicological analyses of the sediments in the Goteborg harbor area indicated that the
levels of pollutants high enough to exert harmful effects on the ecosystem. To make the
harbor more accessible and to secure future oil imports to Sweden, the dredging of the
fairways Goteborg harbor was completed during 2003 (Sturve et al., 2005). In result,
biomarker responses in the eelpout (Zoarces viviparus) sampled both before and during the
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dredging indicated that fish were chronically affected by pollutants compared to those in a
reference area. However, the results during the dredging activities clearly show that fish
were even more affected by remobilized pollutants. The second example illustrates the
composition of three aquatic bodies in generally low industrially disturbed area in Western
Ukraine during three seasons. However, spontaneous pollution together with the use of
collapse of water purification systems constitutes further pressures for the aquatic
environment.

The represented example of physico-chemical analyses of the water from three typical field
sites in Western Ukraine, forestry site F near the spring of the river, agricultural site A in the
lower part of the river, and forestry site N on the bank of the cooling pond of Nuclear Power
Plant, showed that run-off and sewage discharges, industrial processes could be important
sources of phosphates, phenol, nitrites, ammonium to surface waters at sites F and A and
trace metal ions, particularly Cd and Cu, are typical pollutants at site N. While site A is
proved as the most polluted river site in the region due to information from the Public
Administration of the Environmental Protection, the high level of anthropogenic impact at
site F near the municipal water inlet of the city was unexpected. High pollution caused by
Cu and Cd at site N, where agricultural activity is low, may be explained by specific
composition of the sewages from Nuclear Power Plant. The results indicate that the levels of
Cu, Cd, nitrite, and phosphate even exceed environmental quality levels (EU Council
Directive 98/83/EC) (http://www.emwis.org/IFP/law_EU.htm) (Table 1). In any case,
studied chemical parameters in general terms confirm a plurality of compounds which
mutual effect could probably induce toxic effects to aquatic organisms. Moreover, the
relativity of the concept of the reference site is clear, even though the reference site was
selected by generally accepted criteria. Page: 133
This needs to be taken into consideration at examination of environmental impacts.

Hence, aquatic environment is a sink for many environmental contaminants which can be
absorbed by aquatic organisms leading to disturbing of antioxidant/prooxidant balance in
fish (Lackner, 1998; Livingstone, 2001, Lushchak, 2011). That may cause oxidative stress,
determined as a state when antioxidant defenses are overcomed by prooxidant forces
(Livingstone, 2001, 1991; Livingstone, 2001,). Moreover, dependently on the source of
pollutant, steady-state ROS concentration can be enchanced transiently or chronically,
disturbing cellular metabolism and its regulation and damaging cellular constituents
(Lushchak, 2011). Synergistic or antagonistic effects of mixtures of pollutants are hardly
interpreted and predicted exclusively from the chemical analyses; some contaminants are
substantially accumulated in specific tissues without recorded toxic effects (Viarengo &
Nott, 1993), while others demonstrate high toxicity even at low levels. So, oxidative stress
response of fish cannot be predicted using data on the level of certain pollutants in their
tissues. In some cases, the correspondence between these characteristics was reported, for
example, the 22-fold increase in PCB concentrations in white muscle of brown bullhead
(Ameriurus nebulosus) was accompanied by disturbance of antioxidant defence in the tissues
of this fish compared to fish from the nonpolluted site (Otto & Moon, 1996). On the other

hand, Machala and colleagues (1997; 2001) did not find any correlation between markers of
oxidative stress in liver of chub (Leuciscus cephalus) and concentrations of specific
contaminants, namely organochlorine compounds, PAHs, and metals in several sampling
sites of a river with various pollution types and rates. So only the direct determining of the
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stress response, namely oxidative stress markers and may be some others, in biological
systems has become the most adequate tool for early warning in environmental toxicology
studies (Valavanidis et al., 2006).

Parameter Site Spring Summer Autumn
Phosphates, pM F 16.7£2.1* 5.1+0.4% 20.742.20
A | 151#1.7* | 10.120.9ab" 24.5+2.50
N 1.0£0.12 3.9£0.3ab 1.9£0.12b
Nitrites, F 2.240.2% 6.4+0.5% 41404
mg N-NOy-L1 A 0.440.042 | 1.440.2ab 1.440.120
N | 0.4+0.04 1.440.1> 0.9£0.12b"
Nitrates, F 2.0+0.2 0.3+0.0° 0.1+0.0°
mg N-NOy-L1 A 2.9+0.32 12.8+1.2a0 3.0+0.42
N 0.9£0.12 0.1+0.0=b 0.1+0.0°
NH,*, mg-L1 F 6.4+0.8* 2.940.3 3.6+0.3*
A 2.840.3" 1.040.1ab" 0.1£0.02b
N 1.6+0.2" 1.9+0.2 0.1£0.02b
Oxidisability, F 47.842.1*% | 24.8+2.2v 17.7£2.1%
mg Oy L1 A | 30.14£3.1> | 8.5+0.52 8.9+0.82b"
N | 11.441.22" | 41.243.2ab 17.041.6>"
Hardness, F 1.1+0.1 1.1£0.1 0.5%0.1°
mM CaCOs A 1.3+0.1=" 1.740.22b" 1.0£0.12b
N 0.5+0.12 0.8+0.12P 0.9£0.12b
Phenol, pg-L1 F 3.6+0.4* 0.9+0.1v 1.5+0.2Y"
A 0.8+0.12 1.740.22b" 4.940.5*
N 0.6+0.12 0.740.1= 0.840.1
Cu, pg-L1 F 2.5+0.2 1.3£0.10 2.1£0.2b
A 3.5+0.3 1.9+0.2ab 6.3+0.6a0"
N 7.5+0.8« 5.3£0.52b" 5.1£0.520
Cd, pg-L2 F 2.2+0.2 4.3+0.4> 3.6+0.40
A 2.940.32 4.1+0.40 3.4+0.3
N 2.8+0.32 8.9+0.7ab" 6.3+0.630"

Table 1. Physico-chemical parameters of water in three seasons, M+SD, n=3 (from
Falfushynska et al., 2010c with permission): *Exceeding of maximum permitted
concentration allowed for the protection of freshwater aquatic life. The values are expressed
as the mean * SD; aSignificantly different from spring value at the same site with P < 0.05;
bsignificantly different from site F value in the same season with P < 0.05.

Xenobiotic-induced stress responses can be broadly categorized as intoxication and
detoxication signals. Intoxication signals manifest debilitating phenomena while the
detoxication signals are adaptive in nature and provide protection to the biological systems
when affronted with toxic xenobiotics (Bhattachary, 2001). Dependently on the intensity and
duration of toxicant effect and resistance of the studied organism, different manifestations of
the oxidative stress can be expected. However, there are considerable gaps in our
understanding of oxidative stress response mechanisms in the feral animals (Valavanidis et
al., 2006). The long-term effect of pollutants, typical for chronically and heavily polluted
areas, the enhancement of ROS level and perturbation of antioxidant efficiency often
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prelude the onset of significant alterations like protein and DNA damage, lipid peroxidation
(LPO) and enzyme inhibition (Winston & Di Giulio, 1991). Fish are particularly threatened
by aquatic pollution, and the environmental stress they face may help to shape their
ecology, evolution, or biological systems (Padmini, 2010).

3. Oxidative manifestations: Reactive oxygen species, damage to lipids,
proteins and DNA

When the effect of environmental pollution on the antioxidant defence is elucidated, the
exceeding of the resiliency of this system, and consequently, oxidative stress could be
approved only basing on the elevations of the rate of oxidative manifestations. The
expression of specific lesions known to arise specifically at oxidative stress, e.g. lipid
peroxidation (membrane damage), oxidized bases in DNA and accumulation of lipofuscin
pigments were found in many aquatic animals exposed to contaminants (Winston, 1991).
However, whilst in the laboratory a wide spectrum of these indices is measured, only single
parameter is often explored in Environmental Risk Assessment (ERA). In any case, the rate
of oxidative damage is the control point of the effective adaptation to oxidative stress.

Lipid peroxidation or oxidation of polyunsaturated fatty acids, measured usually as a level
of thiobarbituric acid reactive substances (TBARS), has been used most frequently to analyse
the effect of pollutants (Livingstone, 2001; Lushchak et al., 2007, 2008, 2009 a, b, c, 2011). The
elevated LPO in fish from heavily polluted field sites was observed (Ferreira et al., 2005;
Farombi et al., 2007; Sanchez et al., 2007). For example, in the African catfish (Clarias
gariepinus) from the Ogun River located close to major industries in the South Western part
of Nigeria, TBARS levels of C. gariepinus were significantly higher in the liver, kidney, gills
and heart by 177%, 102%, 168% and 71% respectively compared to that from fish farm which
was considered as a reference site (Farombi et al., 2007). Elevated levels of LPO products
were indicated in the blood of three cichlid fish species (Oreochromis niloticus, Tilapia rendalli,
and Geophagus brasiliensis) from metal-contaminated site (Bonafé et al., 2008). Dorval et al.
(2005) demonstrated higher level of hepatic LPO products in white sucker (Catostormus
commersoni) from the river sites in Québec (Canada), impacted by agricultural chemicals.
The killifish (Fundulus heteroclitus) inhabiting a creosote-polluted inlet of the Elizabeth River
also exhibited higher LPO as compared to the reference population (Bacanskas et al., 2004).
Differences of the level of TBARS in a liver of common carp (Cyprinus carpio) were also
detected between fish from rural and industrial sites in relatively low polluted area in
Western Ukraine (Falfushynska & Stoliar, 2009). In this study, the gills demonstrated
significantly lower level of TBARS than the liver. Moreover, the correlation between TBARS
levels and O;*- production was detected, confirming the conclusion on potential
mechanisms of oxidative damage in fish. In crucian carp (Carassius carassius) from the
similar two areas of comparison, in Western Ukraine (basin of the river Dnister) the
differences in TBARS concentration were also observed. Especially high level of TBARS was
observed in fish from industrial site in summer (Falfushynska et al., 2010).

Other examples demonstrate the absence of differences in TBARS concentration between
fish from polluted and clean areas. In the study of Pandey et al. (2003), the differences of a
broad set of antioxidants in gills, kidney and liver tissues in the Indian freshwater fish
Wallago attu (Bl. & Schn.) from clean and polluted river sites were showed. But LPO
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intensity assessed as TBARS level did not differ between two sites. Similar results were
obtained by Huang et al. (2007) in the hepatopancreas of carp from polluted site, unlike the
responses of other studied tissues, kidney and intestine. Despite differences in the activities
of superoxide dismutase (SOD), glutathione transferase (GST) and glutathione peroxidase
(GPx), the level of LPO was the same in the fish from two sites, indicating a stronger
antioxidant capacity of this organ. In the series of materials devoted to the consequences of a
dredging campaign in Goteborg harbor, Sweden, to eelpout (Z. viviparous), as a sentinel
species, TBARS did not show inter-site differences (Almroth et al., 2005). Similarly, in the
liver of labrid fish (Coris julis) despite the variations in the antioxidant enzyme activities,
there was no significant difference in TBARS concentrations (Sureda et al., 2006).

The end-products of LPO can be accumulated in lysosomes as insoluble granules containing
autofluorescent pigments and are usually referred as lipofuscins. The indication of these
pigments in the lysosome vacuolar system of fish hepatocytes also can be used for the
assessment of the level of membrane LPO (Viarengo et al, 2007). The authors even
recommend evaluation of lipofuscin levels as more valid characteristic of damage to lipids
than TBARS. However, the corresponding studies with feral fish are scant and connected
solely histological studies that do not permit to assess the oxidative stress response
accurately. For example, histopathologic biomarkers in feral freshwater fish populations,
namely redbreast sunfish (Lepomis auratus) and largemouth bass (Micropterus salmoides),
showed the signs of lipofuscin accumulation only in polluted sites (Teh et al., 1997). The
comparison of fish, barbels (Barbus graellsii) and bleaks (Alburnus alburnus) from areas
located upstream and downstream of a mercury cell chlor-alkali plant on the Cinca River
(NE Spain), demonstrated that the prominent elevation of the concentration of mercury in
the tissues of fish sampled downstream of the plant (10- and 30-times higher in the muscle
and liver of barbels downstream of the factory) was accompanied by significantly higher
prevalence of liver pathologies consistent with the prooxidant effect of trace metals (Raldda
et al.,, 2007). Fifty paddlefish (Polyodon spathula) collected from two sites on the Ohio River,
USA, demonstrated significantly higher organochlorine concentrations that even exceeded
the Food and Drug Administration's action limit for chlordane (0.30 pg/g) than the fish
from Cumberland River as a reference site. That was accompanied by the presence of
hepatic hemosiderosis (Gundersen et al., 2000). However, concerning the signs of oxidative
stress, these results represent only initial stage of study.

The formed free radicals cause various kinds of genotoxicity, particularly modifications to
DNA bases. Most of the analytical assays have been focused on measuring of products of
guanosine hydroxylation, namely 8-OHdG or 8-oxodG, and its free base 8-hydroxyguanine,
in urine as an indirect method for oxidative damage by free radicals (Shigenaga & Ames,
1991). In the studies of feral fish these methods are presented scanty. A study with the fish
(Sparus aurata) found that 8-oxodG determination in chromosomal DNA was a potentially
useful biomarker of oxidative stress caused by urban and industrial environmental pollution
(Rodriguez-Ariza et al., 1999). However, the proof of oxidative stress as a reason for
genotoxicity is usually explored only in model studies, but not in ERA.

Proteins are considered to be important targets of free radical attack in cells (Eustace & Jay
2004; Almroth et al., 2008b; Lushchak, 2011) and thus compromise antioxidant defense,
cellular function, and survival (Padmini, 2010). Therefore, protein oxidation, often under
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investigation in proteomic studies, has been recently proposed as a biomarker of oxidative
stress (Sheehan, 2006; Lushchak, 2011). In flounders, living in contaminated waters with
xenobiotics, increased levels of oxidised proteins were reported (Fessard & Livingstone, 1998).
Studies on dynamics showed that proteins can be oxidized before lipids or DNA in ROS-
exposed cells (Du & Gebicki, 2004). At the same time, many other factors can influence cell
cycle and correspondingly, injury of proteins, related particularly to their oxidative damage. In
any case, protein carbonyls (PC), so successfully explored in the studies of model oxidative
stress in short-term laboratory experiments (Parvez & Raisuddin, 2005; Kubrak et al., 2010;
Lushchak, 2011), are very seldomly used in the field studies for the assessment of
environmental effects on fish. In the set of studies devoted to the consequences of a dredging
campaign in Goéteborg harbor, Sweden, to fish on the example of eelpout (Z. viviparous), as a
sentinel species, monitor the impact of these events, the formation of additional carbonyl
groups in proteins was studied (Almroth et al., 2005; 2008a). They confirmed that unlike LPO,
PC, measured using an ELISA method, show differences between the reference and polluted
sites in the field, as well as differences between time periods (before and during dredging and
following the oil spill detected in this area were found. Particular results were reported for the
fish from spontaneously polluted area. In the study with C. carassius from two field sites,
significant differences of PC were indicated. However, lower level, particularly in the gills was
found in fish from industrial site. The inter-site differences were opposite to that of the
concentrations of GSH and metallothionein-related thiols (Falfushynska et al., 2010b). These
data were interpreted from high tolerance of fish of genus Carassius to adverse conditions in
the industrial site. On the other hand, for C. carpio higher levels of PC were detected in the liver
and gills in two seasons in industrial site and only in summer the inter-site difference was
opposite (Falfushynska et al., 2009).

Direct studies of intensity of ROS production in the field works are limited. The
measurement of superoxide anion radical (O2-) production in the liver and gills of C. carpio
from rural and industrial areas in Western Ukraine showed that the O,*- production was
elevated at the industrial site in the majority of samples (Falfushynska & Stolyar, 2009). In
this study, the negative correlation between Mn-SOD activity and O»'- production was
observed and production of O,*- and TBARS correlated positively. In the compared groups,
coherent changes of PC and O,*- levels were also detected in the liver and gills. In the study
of C. carassius from two field sites, the significant difference of PC corresponded to
variations in O,*- production, particularly in gills (Falfushynska et al., 2009b).

4. Non-enzymatic antioxidants: Glutathione and other scavengers

Non-enzymatic antioxidants are represented by ROS scavengers (both hydrophilic such as
low-molecular mass thiols, glutathione (GSH), metallothioneins (MTs), ascorbic and uric
acids, as well as lipophilic ones such as vitamin E and carotenoids (Viarengo et al., 2007). In
the field studies, GSH is the most frequently studied scavenger. The hepatic ratio of
oxidized to reduced glutathione (GSSG/GSH), a value used as an indicator of the “redox
status” of the cell, may be appropriate biomarker for oxidative stress. However both GSH
and GSSG levels have only been measured in a limited number of field studies (Van der
Oost et al., 2003). It should be noted, that GSH can be involved in diverse processes different
from related to free radical metabolism, within the cell and its variability can not be
considered entirely in connection to oxidative stress.
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In moiety of field studies, the elevated level of GSH was indicated in fish from polluted
areas (Van der Oost et al., 2003). English sole (Pleuronectes vetulus) sampled from the
Duwamish Waterway, a contaminated urban site in Puget Sound, Washington, showed
increased GSH concentrations. The findings also indicated that induction of GSH synthesis
from L-Cys was not a major factor in the increase of hepatic GSH in contaminant-exposed
fish whereas it was not accompanied by changes in either L-Cys concentrations or gamma-
glutamylcysteine synthetase activity (Nishimoto et al., 1995). A population of killifish (F.
heteroclitus) inhabiting a creosote-polluted inlet of the Elizabeth River demonstrated higher
total glutathione concentrations in adult hepatic tissue as compared to the reference
population (Bacanskas et al., 2004). Study on the Indian freshwater fish Wallago attu (Bl. &
Schn.) collected from two sites along the river Yamuna demonstrated that GSH in liver,
kidney and gills was found to be substantially higher in the fish collected from more
polluted site (Pandey, 2003). In the African catfish (C. gariepinus) from the Ogun River
located close to major industries in the South Western part of Nigeria, GSH concentration
was higher by 81%, 83% and 53% in the liver, kidney and heart, respectively, compared to
that from the reference site (Farombi et al., 2007). Opposite response of GSH in the gills
(lower by 44% in the fish from polluted area) was indicated in this study. At the same time,
some field studies of contaminated sites did not detect differences in GSH level with the fish
from the reference site (Jenner et al., 1990; Eufemia et al., 1997) or detected decreases (Otto &
Moon, 1996; McFarland et al., 1999), and one study found an initial decrease followed by a
sustained elevation (Steadman et al., 1991). Dorval et al. (2005) demonstrated that in hepatic
and adrenal tissues of white sucker (C. commersoni) from a river that drains an agricultural
region, GSH level was higher in reference site compared to fish from contaminated sites.
Also, the three-spined stickleback (Gasterosteus aculeatus L.) sampled from heavily
contaminated stream in France exhibited decreased liver GSH levels (Sanchez et al., 2007).

The increase of the ratio of GSSG/GSH in fish due to either direct scavenging of radicals or
increased peroxidase activity can be expected. However, increases in total glutathione
without increases in the percent of GSSG have been observed in channel catfish under the
effects of sediments from polluted site (Di Giulio et al.,, 1993), in larvae of killifish (F.
heteroclitus) inhabiting a Superfund site on the Elizabeth River (VA, USA) (Meyer et al,,
2003). The levels of both, GSH and GSSG, in C. carpio from the river in Western Ukraine
were higher in industrial site than in rural site and were more sensitive to spatial
peculiarities in liver than in gills (Falfushynska & Stolyar, 2009). In the gills, GSH redox
status was in the range 0.77-0.97, but in summer, it decreased to 0.54, with no difference
between the sites. On the other hand, in C. carassius tissues high GSH levels and redox state
of GSSG/GSH couple (particularly in the gills), were indicated in polluted site, which was
expected to confer some advantages to this higly tolerant to environmental stresses fish
(Falfushynska et al., 2010). Nevertheless, after 21 days in captivity, the fish from these two
sites demonstrated opposite difference in GSH and GSSG levels (Falfushynska et al., 2011).

Some general relationships between Redox Index of GSH (RI GSH) calculated as the ratio of
content GSH/(GSH+2GSSG) and other markers of oxidative stress were observed in field
studies of fish (Falfushynska et al., 2010a), that can be explained by versatility of glutathione
functions. The examples of discrepancies between RI GSH, LPO products and the activities
of antioxidant enzymes in the field studies on fish were analysed in a review by Kelly et al.
(1998). However, in any case, the elevation of GSH level and RI GSH can possess benefit to

www.intechopen.com



Environmental Pollution and Oxidative Stress in Fish 139

fish in its ability to survive in polluted environment, while glutathione depletion is usually
associated to enhancing of peroxidation processes in the cell membrane and leads to stress
and can prominently contribute in hepatotoxicity (Viarengo et al., 2007).

Metallothioneins (MTs) are low molecular mass intracellular cysteine-enriched proteins that
are suggested to be related to oxidative stress response. They constitute a diverse family of
thermostable intracellular low molecular mass proteins, which are enriched in cysteines and
bind metal ions in metal-thiolate clusters. Now they are considered to participate in the
storage and detoxification of metal ions such as zinc, copper, and cadmium, and in the
scavenging of ROS in diverse living organisms (Viarengo et al., 2007; Fernandes et al., 2008).
However till now, despite a lot of publications devoted to MTs, their biological functions,
relationship and necessity for the organism are discussed and adjusted. Some recent data
demonstrate MTs induction in fish by other than metal pollutants, particularly in connection
with oxidative stress (Paris-Palacios et al., 2000; 2003). However, several metals which are
not essential for MTs (ferrum and nickel, for example) and also endocrine-disrupting
chemicals have been known to be inhibitors of the MT gene transcription (Rhee et al., 2009;
Lee et al., 2010).

Since their low redox potential, the metal-thiolate clusters of MTs can be easily reduced or
oxidized in vitro and in vivo with concomitant binding/release of metal ions (Maret & Valee,
1998). It was found that MT levels in mammalian tissues under physiological conditions could
be rather high to harbour important implications for MTs operation in Zn and redox
metabolism (Capdevila et al., 1997; Capasso et al., 2005; Kelly et al., 2006). Different substances
besides metals, such as fungicides fenhexamid, mancozeb, and also hydrogen peroxide, induce
the elevation of MT content in fish (Viarengo et al., 1999; Cavaletto et al., 2002; Paris-Palacios et
al.,, 2003; Mosleh et al., 2005; Kang, 2006). Inter-relation of elevated MT level with other stress
proteins (catalase, GST) and negative relation to LPO products was confirmed for C. carassius
over three seasons in a mixed polluted area characterized by spontaneous agricultural
activities (Falfushynska et al., 2010a). On the other hand, studies on the C. carpio, have
demonstrated the inability of their MTs to maintain high level of antioxidant defense, but
elevated metal-binding capacity at the industrial site polluted by metals (Falfushynska &
Stolyar, 2009; Falfushynska & Stoliar, 2009).

The participation of MTs in antioxidant defense can be explained by the high content of
thiols and the particular metal binding/release dynamics intrinsic to these proteins (Atif et
al., 2006; Monserrat et al., 2007; Viarengo et al., 2007). However, the effect of pollution on the
relations between the metal binding and antioxidant functions of the MTs in aquatic animals
has not been clarified (Chesman et al., 2007).

The participation of MTs in antioxidant defence can be also indirectly connected to the
distribution of metal ions within the cell in deposited form and unbound, potentially toxic
form. Complex field pollution can decrease the metal-binding function of MTs and promote
the metal-related generation of ROS. With a view to include MTs in biomonitoring
programs, simultaneous studies of the response of their expression, metal-binding capacity
and thiol concentration in the field conditions must be undertaken. Metal-keeping function
and possible participation in the antiox