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Abstract — Specimens of a marine freshwater fish — hake (Merluccius merluccius L.) — were collected at the localities of
Platamuni and Valdanos (Montenegro, South Adriatic) in the spring of 2003. Our results showed higher concentrations
of LPO, Vit C, and Vit E in the liver in comparison with white muscle. The concentration of LPO in both tissues was
higher, while that of Vit E was lower at Valdanos compared to Platamuni. These differences in parameters of oxidative
stress are partly due to differences in temperature and the concentrations of nitrites, nitrates, and detergents in the waters

of Valdanos compared to Platamuni.
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INTRODUCTION

Contamination of the aquatic environment occurs
due to growth of the human population and tech-
nological development. Changes in the chemical
composition of natural aquatic ecosystems can affect
biochemical processes in aquatic organisms (Van
der Oost,2003). Fish are sensitive and ecological-
ly relevant bioindicators of aquatic ecosystems owing
to their tendency to accumulate different contami-
nants. Xenobiotics may accumulate in fish through
different mechanisms: via direct uptake from the
water by gills or skin, via uptake of suspended par-
ticles, and via consumption of contaminated food.
In aquatic organisms, many xenobiotics may cause
oxidative stress and lead to the generation of reactive
oxygen species (ROS) and alterations in the antioxi-
dant defense system (AOS) (Livingstone, 2001).
Contaminant-stimulated ROS are associated with
different pathologic processes involved in the etiol-
ogy of many fish diseases and may also be a mecha-
nism of toxicity in aquatic organisms exposed to
pollutants (Livingstone, 2001). Reactive oxygen
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species such as the superoxide anion radical (O,"),
hydrogen peroxide (H,O,), and the highly reactive
hydroxyl radical (*OH) can affect nucleic acids and
disturb their native conformation, react with mem-
brane lipids causing lipid peroxidation, and disturb
the structure of proteins (Matés, 2000).

Lipid peroxidation results from oxidative stress
and has been used to analyze the effect of pollutants in
aquatic organisms (Fessard and Livingstone,
1998). The process of lipid peroxidation is the result
of a chain reaction and, as in the case of redox
cycling, demonstrates the ability of a single radical
species to propagate a number of deleterious bio-
chemical reactions. Numerous studies have demon-
strated enhancement of lipid peroxidation in various
tissues of fish species exposed in vivo to polyacyclic
aromatic hydrocarbons and polychlorinated biphe-
nyls (Solé, 2000; Livingstone, 2001), t-butyl
hydroperoxide and heavy metals (Livingstone,
1998), and anthracene and UV-light (Kappus,
1987). Oxyradical generation can influence the
redox status of cells by imposing a drain on intra-
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cellular reducing equivalents, potentially affecting a
variety of metabolic processes (Van der Oost et
al., 2003).

Under physiological conditions, overproduction
of ROS and their neutralization is prevented by the
AOS, which contains enzymatic and non-enzymatic
components such as glutathione (GSH), vitamin C
(Vit C), vitamin E (Vit E), vitamin A (Vit A) and
coenzyme Q (Livingstone, 2001). Ascorbate (Vit
C) is an important water-soluble antioxidant and
may additionally serve as a cofactor for the enzymes
involved in collagen biosynthesis or neurotransmit-
ter conversions. Studies addressing the feasibil-
ity of ascorbate as a biomarker are very scarce. a-
Tocopherol (Vit E) is a lipid-soluble antioxidant that
is synthesized by plants, but required in the diets of
animals (Halliwell and Gutteridge, 2007).
This compound appears to play a major role in the
protection of membranes from LPO.

Symptoms of oxidative stress and altered concen-
trations of non-enzymatic components (Vit C and
Vit E) of the AOS in fish represent significant bio-
markers in assessing the status of the environment
(Regoli etal, 2002).

The aim of this study was to explore the influ-
ence of physical and chemical parameters, as well as
concentrations of nitrites, nitrates, and detergents
in the water on concentrations of antioxidant com-
pounds such as Vit C, Vit E, and LPO in the liver and
white muscle of hake (Merluccius merluccius L.) in
the waters of Valdanos compared to Platamuni.

MATERIAL AND METHODS

Hake (Merluccius merluccius L.) is a commercially
utilized marine species. Specimens of this species
were obtained by trawling at two localities (Platamu-
ni and Valdanos) in the South Adriatic Sea (Monte-
negro) in the spring (May) of 2003. The geographical
locations are shown in Fig. 1.

After collection, the fish were immediately trans-
ferred to seawater tanks, where they were identified.
Fish of the same size weighing 80 - 100 g were select-
ed to ensure uniformity of samples. Fish were killed
on-board by severing the spinal cord and dissected

within three minutes on ice. Samples of liver and
white muscle were isolated, washed in ice-cold 0.65
% NaCl, and then frozen in liquid nitrogen (-196 °C)
before storage at —80 °C.

The tissues were dissected, thoroughly washed
with ice-cold saline, weighed, minced, and homog-
enized with a Thomas Sci Co. glass-type homog-
enizer (Teflon pestle) at 4°C (10% w/v) using 1.15%
KCl for lipid peroxide (LPO) determination. The
concentration of LPO measured as thiobarbituric
acid reactive substances (TBARS) in the tissues of
tish was assayed by the method of Ohkawa et al.
(1979) using thiobarbituric acid (TBA) as reagent.
In this reaction, a colored complex was formed and
absorbance was determined spectrophotometrically
(UV/VIS Spectrophotometer, Janway, GBR) at 530
nm. Lipid peroxidation was expressed as nmol
TBARS/mg tissue using a molar extinction coeffi-
cient for MDA of 1.56 x 10° M cm™™.

Liver and white muscle were minced and homog-
enized (10%, w/v) separately in ice-cold saline with
sucrose buffer (0.25 M sucrose, 1 mM EDTA, and
0.05 M Tris-HCl, pH 7.4) in a Thomas glass-type

°
Platamuni

ADRIATIC SEA

Fig. 1. Geographical position of the localities of Platamuni and
Valdanos in the South Adriatic Sea (Montenegro).
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homogenizer (Teflon pestle). Tissue homogenates
were used for determination of vitamins C and E.

The concentration of vitamin C (Vit C) was
determined spectrophotometrically by the dinitro-
phenyl-hydrazine method at 530 nm (Omaye et
al., 1979). The method is based on the oxidation of
ascorbic acid to dehydroascorbic acid, which sponta-
neously converts to diketogulonic acid. In the pres-
ence of 2,4-dinitrophenyl-hydrazine, diketogulonic
acid forms bis-2,4-dinitrophenyl-hydrazone. Final
color development was achieved with 85% sulfuric
acid. The content was expressed as mg/100 g tissue
(mg %).

The concentration of vitamin E (Vit E) was mea-
sured by the method of Desai (1984) based on the
reduction of Fe** in Fe?* in the presence of tocoph-
erol and production of a colored complex with
bathophenanthroline. Absorbance of the produced
complex was measured spectrophotometrically at
535 nm, and the concentration was expressed as
ug/g tissue.

Measurements of environmental parameters
(salinity, temperature, and oxygen concentra-

Table 1. Values of salinity, temperature, and oxygen (O,) at
Platamuni and Valdanos.

Depth Salinity T O
(m) (%0) (°C) (mg?L)
0 38.4 21.2 7.3
Platamuni
40 38.0 17.6 7.6
0 36.5 20.1 7.1
Valdanos 30 38.3 16.8 7.7

Table 2. Concentrations of nitrites, nitrates, and detergents at
Platamuni and Valdanos.

Depth Nitrites ~ Nitrates  Detergents
(m) (mg/L) (mg/L) (mg/L)
0 0.158 0.368 0.044
Platamuni
40 0.152 0.501 0.029
0 0.288 1.511 0.238
Valdanos 30 0.278 2.766 0.100

tion of seawater) were performed with a WTW
(Wissenschaftlich-technische Werkstatten, Dr Karl
Slevogt StraPe, Weilheim, Germany) multilab sys-
tem. They were made at the time of fish sampling
at 30-m depth (spot measurements, spring — May
2003). Spectrophotometric determination of nitrite
concentration was performed by using a-naphtyl
amine and sulphanilic acid (Rump, 1992). The
nitrate level was determined using sodium salicylate
(Rump, 1992). Detergents (anionic surfactants and
detergents) were determined using methylene blue
after chloroform extraction (Rump, 1992).

The data are presented as means + S.D. values.
Numbers of fish per group are stated in the figure
legends. Statistical analysis of the data was done
employing one-way analysis of variance (ANOVA).
Significance of the results was ascertained at p < 0.05.

RESULTS

The levels of salinity, temperature, and saturation
with oxygen are shown in Table 1, while concen-
trations of nitrites, nitrates, and detergents at the
Platamuni and Valdanos localities in spring are pre-
sented in Table 2. The salinity of Valdanos seawater
is lower in comparison with Platamuni. Our results
showed that the concentration of dissolved oxygen
was not uniform, higher values being recorded at
depths of 40 m (Platamuni) and 30 m (Valdanos).
The concentration of dissolved oxygen decreases
with increase of water temperature toward the sur-
face (0 m) at both localities (Table 1).

Concentrations of nitrites, nitrates and detergents
were significantly higher in seawater of Valdanos in
comparison with Platamuni (Table 2). This indicated
that the Valdanos locality had higher water pollu-
tion.

The concentration of LPO in the liver and white
muscle of fish at both localities is shown in Fig. 2.
It was significantly higher in the liver than in white
muscle. In addition, the concentration of LPO was
higher in the liver and white muscle at Valdanos
than at Platamuni (p<0.05).

The concentration of Vit C in the liver and white
muscle of fish at Valdanos and Platamuni is present-
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Fig. 2. Concentrations of lipid peroxides (LPO) in the
liver and white muscle of hake (Merluccius merluccius L.)
at Platamuni and Valdanos. The results are expressed as
means *+ SD (n = 8). *p<0.05, difference between localities.
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Fig. 3. Concentration of vitamin C (Vit C) in the liver and
white muscle of hake (Merluccius merluccius L.) at Plata-
muni and Valdanos. The results are expressed as means +
SD (n = 8). *p<0.05, difference between localities.
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Fig. 4. Concentration of vitamin E (Vit E) in the liver and
white muscle of hake (Merluccius merluccius L.) at Plata-
muni and Valdanos. Results are expressed as means + SD
(n = 8). *p<0.05, difference between localities.

ed in Fig. 3. Significantly lower values were recorded
in white muscle than in the liver at both localities.

As for Vit E, its concentration was lower in white
muscle than in the liver at both localities (Fig. 4). In
contrast to LPO, the concentration of Vit E in both
tissues was lower at Valdanos than at Platamuni
(p<0.05).

DISCUSSION

Numerous investigations on aquatic organisms have
been performed in order to provide data for com-
parative studies and establish environmental effects
or influence of different pollutants on the AOS
(Winston and Di Giulio, 1991). Monitoring
of oxidative stress parameters in tissues of aquatic
organisms is a well-established procedure in assess-
ing the status of the environment (Van der Oost
et al., 2003).

Many environmental pollutants are capable of
inducing oxidative stress in aquatic animals, includ-
ing fish. Oxidative stress resulting from the produc-
tion of ROS has become a subject of considerable
interest in the field of ecotoxicology (Kappus,
1987).

Production of ROS, oxidative processes, and
the AOS in aquatic organisms are directly linked
with anthropogenic influences and the effects of
abiotic factors (salinity, concentration of oxygen in
the water, and environmental temperature) or with
the metabolic activity of some tissues. Water is a very
unstable environment in respect to physico-chemi-
cal characteristics, and fish are exposed to diurnal
and seasonal changes as well (Filho et al.,, 1993;
Van der Oost etal, 2003).

Our results showed that the concentration of dis-
solved oxygen was not uniform, higher values being
recorded at depths of 40 m (Platamuni) and 30 m
(Valdanos) owing to increased seasonal production
of phytoplankton. The concentration of dissolved
oxygen decreased with increase of water tempera-
ture toward the surface (0 m) (Table 1).

It is known that oxygen is not uniformly dis-
tributed in seawater (Janssens et al., 2000). Many
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regions of the world ocean are characterized by high-
er concentration of oxygen in the eutrophic zone and
concentration decrease with depth. Numerous deep-
sea aerobic organisms are faced with the problem
of living in conditions of lower oxygen concentra-
tion. They solve this problem with different physi-
ological adaptations, such as decrease in capacity of
the AOS with depth increase (Childress, 1995;
Childress and Siebel, 1998). Temperature also
decreases with depth, being lower in deeper layers
of water than in upper layers. On the other hand, in
vitro experiments showed that the concentration of
LPO decreased with elevation of water temperature.
Most studies involving alteration of antioxidant
defenses in aquatic animals have focused on stress
induced by salinity changes, temperature fluctua-
tions, hypoxia, etc. (Van der Oost et al, 2003;
Ziki¢ etal., 2006).

Concentrations of nitrites, nitrates and deter-
gents in the water were higher at Valdanos than at
Platamuni. This indicated increased water pollution
at the of Valdanos locality (Table 2).

In an aquatic environment, despite the presence
of the constitutive AOS or one that is enhanced, in-
creased levels of oxidative damage will occur in or-
ganisms exposed to contaminants that stimulate the
production of ROS (Livingstone, 2001). This
increased ROS production and subsequent oxidative
damage has been associated with pollutant-mediated
mechanisms of toxicity in the liver of fish (F6rlin et
al., 1995). Environmental contaminants may enhance
oxidative stress in aquatic organisms, e.g., highly ele-
vated rates of ideopathic lesions and neoplasia among
fish inhabiting polluted environments are increasingly
related to oxidative stress associated with environ-
mental pollution (Winston and Giulio, 1991;
Livingstone,2001).

Lipid peroxidation or the oxidation of polyun-
saturated fatty acids has been observed and used to
analyze the effect of pollutants (Hageman et al,
1992; Rudneva, 1997). Indeed, increased LPO
levels have been recorded in the liver of organisms
exposed to contaminants such as PAHs, PCBs,
and others (Baumard et al, 1998; Solé, 2000;
Livingstone, 2001).

Our results show that all the investigated oxi-
dative stress parameters were significantly higher
in the liver than in white muscle (Figs. 2-4). Such
results may be a consequence of higher metabolic
and antioxidative activity in the liver than in white
muscle.

Our results showed that the concentration of
LPO was higher in the liver than in white mus-
cle of hake. These differences of oxidative stress
parameters point to tissue specificity, which is a
consequence of different metabolic and antioxida-
tive activities. Processes of biotransformation of
exogenous agents (harmful pollutants) also occur in
the liver, which leads to the production of ROS and
reactive nytrogen species (RNS) as side products of
degradation and increased oxidative stress. That is
the reason why prooxidative/antioxidative metabo-
lism is significantly higher in the liver.

Our results confirm findings of other research-
ers indicating tissue differences in the AOS (Filho,
1996; Van der OQost et al, 2003; Zikié et al,
2006).

The higher concentrations of nitrites, nitrates,
and detergents in the water of Valdanos (Table 2)
may have been a direct result of oxidative stress
and loading of LPO in tissues of hake (Fig. 2). The
concentrations of Vit C and Vit E were significantly
lower in white muscle than in the liver at both locali-
ties (Figs. 3 and 4). At the same time, decrease of Vit
E concentration in contrast to increase of LPO may
be attributable to an oxidative-antioxidative mecha-
nism. In fact, as a liposoluble antioxidant, Vit E is
the first step in the prevention of oxidative processes
in the lipid bilayer of cell membranes and other lipid
constituents of organisms. By accepting free elec-
trons from chain reactions during lipid peroxida-
tion, Vit E is converted into the a-tocopherol radical,
which is reduced in reaction with Vit C, coenzyme
Q,or GSH (Halliwell and Gutteridge, 2007).
Thus, increase of LPO concentration points to oxi-
dative stress, while decrease in the concentrations of
Vit C and Vit E indicates their involvement in the
prevention of oxidative damage. These differences
of oxidative stress parameters point to tissue speci-
ficity, which is a consequence of different metabolic
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and antioxidative activity. Our results showed that
oxidative stress in the examined tissues was greater
in the liver than in white muscle.

Our results also showed variation in oxidative
stress parameters due to locality. The LPO con-
centration was higher (and the Vit E concentration
lower) in the liver of fish caught at Valdanos com-
pared to specimens collected at Platamuni. Greater
oxidative stress in tissues of the Valdanos fish
could have been caused by higher concentrations of
nitrates, nitrites, and detergents in the seawater in
comparison with the seawater at Platamuni (Table
2). These results point to greater pollution of the
seawater at the Valdanos locality. Elevated concen-
trations of nitrates and nitrites indicate an increased
level of organic pollution, which could be the reason
for the increased rate of oxidative stress in the ana-
lyzed tissues of fish at Valdanos.

Many classes of environmental contaminants (or
their metabolites) are known to enhance the intra-
cellular formation of ROS, causing oxidative damage
to biological systems. The uptake of these pollut-
ants by fish can occur via sediments and particulate
material suspended in the water-column, as well as
through food sources. The major routes of uptake
depend on the dietary and ecological life-styles of
particular organisms (Livingstone, 1998, 2001).
Nitrite is formed from ammonia and may be accu-
mulated in aquatic systems as a result of an excess of
nitrifying activity of the bacteria Nitrosomonas sp.
and Nitrobacter sp. High levels of nitrite in water are
potential factors that trigger stress in aquatic organ-
isms (Wang etal, 2004).

Different LPO and Vit E concentrations in
the tissues of hake at the selected localities could
have been a consequence of oxidative-antioxidative
metabolism as part of the mechanism of lipid perox-
idation, i.e., antioxidative activities of nonenzymatic
components of the AOS.

In conclusion, it can be asserted that concentra-
tions of the investigated antioxidant compounds
(Vit C and Vit E) and LPO in the tissues of hake
are good markers for pollution biomonitoring and
follow-up analysis of environmental conditions.

Differences in oxidative stress parameters in the
tissues were caused by different metabolic and anti-
oxidative activities and can be considered functional
responses to the variations in physical and chemical
parameters of the environment and the presence of
pollutants.
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KOHIEHTPAIIIJA AHTMOKCUJAIDVOHVX KOMITIOHEHTHU 1 TUIINIHNX ITEPOKCUIA
YV JETPU U MULIMRUMA OCJINRA (MERLUCCIUS MERLUCCIUS L.) U3 JATPAHCKOT MOPA
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Toxom 2003. ropguHe y30pKOBaHE Cy jefyHKe
Mopcke pube - ocnuha (Merluccius merluccius L.) us
Bofa ca mokanurera [Tnaramynn n Banganoc (Lpra
Topa, jy>xuu Jappan) y nponehnom nepuony. Jo6u-
jeHM pesynTaTu Cy mokasaau Behe KOHIjeHTpauuje
LP, Vit C u Vit E y jerpu ocnmha y ogHocy Ha 6eo
mumhzo tknBo. Konnenrpanuja LP je 6una Beha,

a Vit E mama y ob6a ncrimtuBana TkmBa ociamha y
BoJjaMa JioKanuteTa Banganoc y mopehemy ca Ilna-
tamyHu. OBakBe IPOMeHE ITapaMeTapa OKCUALO-
HOT CcTpeca IOC/eAniia Cy IMIpOMeHa TeMIlepaTrype,
Kao 1 noehaHNX KOHIIEHTpaIVja HUTPUTA, HUTpa-
Ta U IeTeplieHaTa y BofaMa lokanuTeTa Banganocy
opiHocy Ha [Imaramyse.



