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Abstract

Freshwater hardness affects metal toxicity and fish physiology. Therefore, the effects of dissolved metals on fish
physiology may differ in waters from different geographic regions. In this study, toxic effects of Cd and Cu (1 mg/L) on the
antioxidant system of freshwater fish Oreochromis niloticus were investigated in two different waters (commercial and tap
water). Fish were exposed to metals in hard water (~320 mg CaCO;/ L, conductivity 5.80 mS/cm) and soft water (~80 mg
CaCOs/ L, conductivity 1.77 mS/cm) for 1, 7 and 14 days and consequently the activities of antioxidant enzymes (superoxide
dismutase, SOD; catalase, CAT; glutathione peroxidase, GPX; glutathione reductase, GR and glutathione S-transferase, GST)
and total glutathione (GSH) levels were measured spectrophotometrically. Cu exposure of fish in soft water caused fish
mortality after 8 days, though there was no fish mortality in the other conditions. The antioxidant system of fish responded
differently to metal exposures in waters with differing hardness. Metal exposures in soft water showed predominant effects on
the antioxidant system of fish comparing to hard water exposures. Similarly, antioxidant enzyme activities also altered in
control fish depending on the hardness of waters. In general, CAT was the most sensitive antioxidant enzyme followed by
SOD and GPX. CAT and GSH showed an increasing trend while a decreasing trend was observed for SOD and GPX. This
study emphasized that the water chemistry affects the fish antioxidant system and metal toxicity that may be useful in
environmental monitoring and also evaluating biomarkers in fish from different regions.
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Metal (Cd, Cu) Etkisindeki Tathisu Bahginin (Oreochromis niloticus) Farkh Sertlikteki Sularda
Antioksidan Sistem Cevabi

Ozet

Suyun sertligi, metal toksisitesi ve balik fizyolojisini etkilemektedir. Bu nedenle, suda ¢6ziinmiis metallerin balik
fizyolojisi iizerine olan etkisi farkli cografik bolgelerde farklilik gosterebilir. Bu ¢alismada, iki farkli su ortamimda Cd ve
Cu’'nun (1 mg/L) tathsu balifn Oreochromis niloticus™un antioksidan sistemi {izerine olan toksik etkileri arastirilmustir.
Baliklar, sert su (~320 mg CaCOs/ L, iletkenlik 5.80 mS/cm) ve yumusak suda (~80 mg CaCO;/ L, iletkenlik 1.77 mS/cm) 1,
7 ve 14 giin siire ile metal etkisine birakildiktan sonra antioksidan enzim (siiperoksit dismutaz, SOD; katalaz, CAT; glutatyon
peroksidaz, GPX; glutatyon rediiktaz, GR ve glutatyon S-transferaz, GST) aktiviteleri ve toplam glutatyon (GSH) diizeyleri
spektrofotometrik yontemlerle Ol¢iilmiistiir. Yumusak suda Cu etkisinde kalan baliklarda 8. giinden sonra oliimler
gozlenirken, diger kosullarda balik 6limii goriilmemistir. Balik antioksidan sistemi farkli sulardaki metal etkilerine farkli
tepkiler vermistir. Benzer sekilde, kontrol baliklarin antioksidan enzim aktiviteleri de suyun sertli§ine bagl olarak degisim
gostermistir. Metaller yumusak suda, sert su ile karsilastirildiginda, antioksidan sistem {izerine daha etkili olmustur. En
duyarl1 antioksidan enzim CAT olurken, bunu SOD ve GPX izlemistir. Genel olarak, CAT ve GSH diizeylerinde artis
yoniinde bir egilim goriiliirken, SOD ve GPX diizeylerinde azalis yoniinde bir egilim gdzlenmistir. Bu ¢alisma, su kimyasinin
balik antioksidan sistemi ve metal toksisitesi iizerinde etkileri oldugunu vurgulamistir. Boyle caligmalar farkli bolgelerden
elde edilen balik biyomarkirlarinin degerlendirilmesinde ve ¢evresel gézlemlerde yararli olabilmektedir.

Anahtar Kelimeler: Antioksidan enzimler, glutatyon, Oreochromis niloticus, sertlik, metal.

Introduction receiving metals from anthropogenic sources, such as
an urban runoff, sewage treatment plants and
Natural waters have a high potential risk for domestic garbage dumps which eventually cause
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adverse effects on biota. Copper occurs naturally in
unpolluted freshwaters in a range of 0.2-30 mg/L
however, its concentrations ranging from 50 to >560
mg/L have been reported in polluted areas all over the
world (USEPA, 2007). In addition, cadmium can
occur at concentrations of <0.1 ug/L, but in polluted
environments concentrations can be considerably
higher (USEPA, 2001). Additionally, aquatic
organisms are affected by water hardness and some
other characteristics of freshwaters (Heath, 1987;
Pinto et al., 2003; Garcia Sampaio et al., 2008; Kulac
et al., 2012). Fish communities not only an important
ecosystem component, but also used as a food source
are shown to be sensitive bioindicators of external
factors, such as pollution. Metals are able to disturb
the integrity of physiological and biochemical
mechanisms such as antioxidant systems (Basha and
Rani, 2003; Atli and Canli, 2007, 2008; Ezemonye
and Enuneku, 2011).

Water hardness is one of the most important
abiotic factors in aquatic systems affecting metal
uptake and consequent toxicity. Water hardness can
be generalized as the sum of concentration of the
divalent cations. The water hardness affects fish
physiology and metal bioavailability and consequent
metal uptake by fish. Metal bioavailability generally
depends on the conductivity of water which is
negatively related to free ions in water. Studies show
that metals are on an order of magnitude more toxic in
soft water than in hard water because they are more
soluble in soft water (Heath, 1987; Grosell et al.,
2002; Monserrat et al., 2007).

Many studies show that metals can induce
oxidative stress by generating free radicals and
reactive oxygen species. Fish tissues, particularly
liver and kidney have antioxidant defense systems to
protect them from oxidative stress caused by metals
(Basha and Rani, 2003; Atli et al, 2006; Atli and
Canli, 2007). Essential and non-essential metals
display different effects on antioxidant enzymes due
to their different chemical structures and act as redox
active and inactive status (Romeo et al., 2000; Atli et
al., 2006; Atli and Canli, 2010). Studies suggest that
the antioxidants may play an important role in
reducing hazardous effects of metals, and antioxidant
responses were suggested to be a useful biomarker for
metal exposure of aquatic organisms (Elia et al,
2003; Barata et al.,, 2005; Atli and Canli, 2010;
Srikanth et al., 2013).

Antioxidant enzymes are crucial in the effort to
counteract oxidative stress caused by toxicants once
the supply of other antioxidant compounds are
depleted (Radi and Matkovics, 1988; Martinez-
Alvarez et al., 2005). These enzymes, which remove
peroxides, and superoxide radicals including SOD
(EC 1.15.1.1, converts superoxide anion radical to
hydrogen peroxide), CAT (EC 1.11.1.6, reduces
hydrogen peroxide to water), GPX (EC 1.11.1.9,
detoxifies hydrogen peroxide), GR (EC 1.6.4.2,
reduces oxidized glutathione to reduced glutathione

GSH) and GST (EC 2.5.1.18, catalysis the
conjugation of GSH with xenobiotics) are of the
essence in oxidative stress to deal with free radicals
causing several disturbances (Pinto et al, 2003;
Tripathi et al., 2006).

The aim of this study was to compare effects of
Cd and Cu on the liver antioxidant system of fish
Oreochromis niloticus in differing water hardness.

Materials and Methods
Experimental Protocol

One year old O. niloticus (Perciformes:
Cichlidae) were obtained from fish culturing pools of
Cukurova University and transferred to the laboratory
where they were acclimatized to laboratory conditions
(20£1°C and illuminated 12 h by fluorescent lamps,
daylight 65/80 W) as a stock for one month in
dechlorinated tap water (used as hard water). The
experiments were carried out in glass aquariums
40x40x100 cm in size and contained 120 L
contaminated test solution for metal exposed groups
or only test waters for controls after an adaptation of
each group in their own water conditions (hard water
or soft water) for three days. The aquaria were aerated
with air stones attached to an air compressor to
saturate with oxygen.

Two different waters as “hard water”
(dechlorinated tap water; ~320 mg CaCO;/L) and
“soft water” [commercial packed spring water (brand
Pinar Gokceagac); ~80 mg CaCO;/L] were used in
the experiments. Initially, fish were separated into
three groups as control group, Cd and Cu exposed
groups for each water conditions. According to this
protocol, total of six experimental groups were
designed as hard water control group (HW-C) (1),
hard water+Cd (HW-+Cd) exposed group (2), hard
water+Cu (HW+Cu) exposed group (3), soft water
control group (SW-C) (4), soft water+Cd (SW-+Cd)
exposed group (5) and soft water+Cu (SW-+Cu)
exposed group (6). Based on this, control groups were
not exposed to metals. HW+metal and SW+metal
groups were individually exposed to 1.0 mg/L of Cd
(CdCl,.H,0) and Cu (CuCl,.2H,0). Fish were
sampled at day 1, 7 and 14 and a total of six fish
(replicates) were sampled for each group. During the
experiments, measurements in aquaria were done
every day with a multimeter (Thermo Orionstar 5)
and also measurement of ion levels with a flame
atomic absorption spectrophotometer (AAS, Perkin
Elmer AS 3100) to determine the quality of hard
water and soft water. The values were measured as
5.3040.83 mg O,/L, temperature of 20+1°C, pH value
of 8.30+0.08, total hardness of 304.2+21.2 mg
CaCOy/L, alkalinity of 142.0+11.8 mg CaCOs/L,
conductivity of 5.80+0.18 mS/cm, 0.73+£0.12 mg
Na/L, 28.3+1.20 mg CI/L and 130.7+2.44 mg Ca/L in
hard water. These values were measured as 5.50 +
0.55 mg O,/L, temperature of 20+£1°C, pH value of
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8.58+0.13, total hardness of 82.8+11.2 mg CaCOs/L,
alkalinity of 95.5+14.0 mg CaCOs/L, conductivity of
1.77£0.69 mS/cm, 5.5+0.05 mg Na/L, 1.12+0.01 mg
CI/L and 26.1+2.44 mg Ca/L in soft water. Cu and Cd
levels in aquaria were also measured (AAS, Perkin
Elmer AS 3100) and found that variation between
observed and expected levels were less than 10%.
Exposure media were renewed every two days to
minimize metal loss just after daily feeding (2% of
their body weight) with a commercial fish food (Pinar
Sazan, Izmir, Turkey) and to reduce contamination
with food remains.

After each exposure period, fish were killed by
transaction of the spinal cord according to the
decision of an Ethic Committee of Cukurova
University. Liver tissues were dissected, washed out
with physiological saline to remove blood, blotted dry
and weighed by using clean equipment before the
storage at -80°C until the analysis. The tissues were
homogenized (1:10, w/v) in homogenization buffer
containing 100 mM potassium phosphate buffer (pH
7.4), 100 mM KCl and 1 mM EDTA at 9500 rpm for
1.5 min on ice. Homogenates were centrifuged at
10000 x g (Sigma 2-16) for 30 min (+4°C).
Supernatants were used for the analysis. All
chemicals used in this study were obtained from
Sigma or Merck (Germany). Total length (12.7+1.40
cm) and weight (28.0+£8.70 g) of fish did not differ
significantly (P>0.05) among different exposure
regimes and controls.

Enzyme Activity Assay

CAT activity was measured by using the method
of Bessey et al. (1946). It was calculated as pmol
H,0,/mg prot./min. The GPX activity was measured
by using the method of Livingstone et al. (1992) and
calculated as umol/mg prot./min. The GR activity was
analyzed wusing the method of Carlberg and
Mannervik (1975), and calculated as pmol/mg
prot./min. SOD activity was measured by the indirect
method involving the inhibition of cytochrome c
reduction at 550 nm for 1 min (McCord and
Fridovich, 1969). The SOD activity was calculated as
Unit/mg prot. The GST activity was measured using
the method of Habig et al. (1974) and was calculated
as pmol/mg prot./min. The protein contents of the
homogenates were determined by the method of
Lowry et al. (1951), using bovine serum albumin as a
standard. Methods were described in detail by Atli
and Canli (2010).

Total GSH Analysis

Total GSH levels were analyzed according to the
method of Beutler et al. (1963) and calculated as
nmol/mg prot. Methods were described in detail by
Atli and Canli (2008).

Statistical Analysis

Statistical analysis of data (Mean+Standard
error) was carried out using SPSS statistical package
program. Control data were given for each exposure
duration in figures. Thus, each parameter from metal
exposure experiments was analyzed separately using
appropriate control. One-way Anova was used to
compare data and significant differences (P<0.05)
were reanalyzed by Duncan tests to determine which
individual group was significantly different from
controls. The statistical results were also summarized
in Table 1.

Results

There was no fish death in all exposure
conditions, except Cu exposure in soft water. Fish
death occurred after 8 days in SW+Cu exposure and
all fish had died by day 14. Therefore, there is no data
regarding 14" day SW+Cu exposure.

The hepatic SOD activity varied in relation to
metal species, exposure duration and water hardness.
The SOD activity decreased significantly in SW-C
group when compared to HW-C group and the lowest
activity (45%) was recorded after 1 day exposure. In
HW condition, the SOD activity increased (44%) at
day 7 in Cd-exposed group comparing to HW-C
group. In SW condition, Cu exposure increased the
SOD activity (55%) after 1 day exposure compared to
SW-C groups. The activity was significantly lower in
SW+metal group compared to HW-+metal group. The
lowest activity was determined at a ratio of 47% after
7 day Cd exposure (Figure 1).

There were outstanding differences between
control groups as the CAT activity was many folds
higher in SW-C group than in HW-C group, except
day 1. In HW condition, the lowest (100%) and the
highest CAT activity (103%) were observed
following Cd exposures at day 1 and 7, respectively.
In SW condition, Cd increased its activity at all
durations and the highest increase (970%) was
observed after 1 day exposure. However, 1 day Cu
exposure caused a total inhibition in CAT activity
(Figure 2).

GPX activity varied among the experimental
groups. GPX activity in SW-C group was lower
comparing to HW-C group. In HW condition, Cd and
Cu exposures increased its activity (48% and 94%,
respectively) while a decrease (55%) was observed
after 7 day Cd exposure. On the other hand, metal
exposures in SW condition did not alter GPX activity
compared to its control group (P>0.05). There were
striking differences (307%) between SW+Cu and
HW+Cu groups after 1 day of exposures (Figure 3).

GST activity was lower in SW-C group (37%)
when compared to HW-C group and the after 7 day.
GST activity did not change significantly (P>0.05)
after HW+metal and SW+metal exposures compared
to their control groups. However, GST activity was
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Table. 1 summary of the effects of Cd and Cu on the hepatic antioxidant system of O. niloticus exposed to metals in different
waters. Comparisons were done among hard water (HW), soft water (SW), metal exposed (HW-M and SW-M) and control
groups (HW-C and SW-C). {: Decrease; T:Increase; —: Not significant; ND: Not detected (due to mortality in soft water)

Hardness Metal Day SOD CAT GPX GR GST GSH
Comparisons
1 ¥ — ¥ 1 — —
SW-C/HW-C Control 7 — 0 J — ¥ —
14 J 0 ¥ — — —
1 — \’ T — — il
cd 7 T { — — )
14 — — — — — 0
HW+M/HW-C 1 1 2 B B 1
Cu 7 — — — — — —
14 — — — — — 0
1 — 0 — — — —
cd 7 — T — — — T
SW+M/SW-C 14 _ T T T T T
1 J — — — —
Cu 7 — — — — — —
14 ND ND ND ND ND ND
1 ¥ 0 ¥ 0 — ¥
cd 7 ¥ 0 — — ¥
14 ¥ 0 ¥ — — —
SW+M/HW+M ) M 1 M _ _ 2
Cu 7 ¥ 0 ¥ ¥ { —
14 ND ND ND ND ND ND

OHW-C o HW-Cd m HW-Cu m SW-C m SW-Cd m SW-Cu

SOD Activity

Exposure duration (day)

Figure 1. SOD activity (Unit/mg prot.) in the liver of O. niloticus exposed to Cd and Cu for 1, 7 and 14 days in waters with
different hardness. Data are expressed as meantstandard error (N=6). Significant differences (P<0.05) resulted from the
Duncan tests between the exposures of HW-C and HW+M with “*”, HW-C and SW-C with “#”, SW-C and SW+M with

“&” and HW+M and SW+M with “@”were symbolized.

significantly lower (45%) following 7 day Cu
exposure in SW condition compared to HW condition
(Figure 4).

GR activity increased significantly (P<0.05) in
SW-C group (54%) at day 1, but there was no
significant difference (P>0.05) in the other conditions.
GR activity increased (75%) after 1 day Cd exposure
in SW condition compared to HW+Cd group.
However, it decreased (48%) after 7 day SW+Cu
exposure comparing to HW+Cu group (Figure 5).

GSH levels did not differ significantly (P>0.05)
over 14 days in both control groups. HW+Cd

exposure caused increases in GSH levels and the
highest increase was (96%) determined after 7 day Cd
exposure compared to HW-C group. However,
HW+Cu exposure decreased (100%) GSH level at
day 1, but an increase was observed (32%) at the end
of the exposure duration compared to their controls.
SW+Cd exposure also increased its level (32%) at day
7 compared to the control group in SW condition.
When compared to the HW+metal exposures, GSH
levels decreased in SW+Cd group at day 1 (30%) and
day 7 (22%), whereas there was an increase (100%) in
SW+Cu group at day 1 (Figure 6).
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|E| HW-C g HW-Cd @ HW-Cu m SW-C mSW-Cd @ SW-Cu ‘

CAT Activity

Exposure duration {day)

Figure 2. CAT activity (umol H,O,/mg prot./min.) in the liver of O. niloticus exposed to Cd and Cu for 1, 7 and 14 days in
waters with different hardness. See details in Figure 1.
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Figure 3. GPX activity (umol/mg prot./min.) in the liver of O. niloticus exposed to Cd and Cu for 1, 7 and 14 days in
waters with different hardness. See details in Figure 1.

OHW-C o HW-Cd & HW-Cu m SW-C m SW-Cd @ SW-Cu

450 -

400 -

350 4 {7

300 4

250 4

200 -

GST Activity

150

100 -

50 4

Exposure duration (day)

Figure 4. GST activity (umol/mg prot./min.) in the liver of O. niloticus exposed to Cd and Cu for 1, 7 and 14 days in waters
with different hardness. See details in Figure 1.
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OHW-C o HW-Cd @mHW-Cu m SW-C m SW-Cd @ SW-Cu |

GR Activity

Exposure duration (dayj}
Figure 5. GR activity (umol/mg prot./min.) in the liver of O. niloticus exposed to Cd and Cu for 1, 7 and 14 days in waters

with different hardness. See details in Figure 1.
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Figure 6. GSH level (nmol/mg prot.) in the liver of O. niloticus exposed to Cd and Cu for 1, 7 and 14 days in waters with

different hardness. See details in Figure 1.

Discussion

Many metals are known to be powerful oxidants.
Redox active metals such as Cr, Cu and Fe, undergo
redox cycling, though redox-inactive metals, such as
Cd, Hg and Pb deplete major antioxidants in the cell,
especially thiol containing antioxidants and enzymes
(Pinto et al., 2003). One of the well-known and main
mechanisms is a production of reactive oxygen
species (ROS) such as hydrogen peroxide, superoxide
anion radical and hydroxyl radical induced by metals
through various mechanisms such as Fenton- and
Haber-Weiss type reactions. Metals can promote
oxidative damage by directly increasing the cellular
concentration of ROS and by altering the cellular
antioxidant capacity in fish (Radi and Matkovics,
1988; Dautremepuits et al., 2004; Baysoy et al.,
2012). Through ROS-mediated reactions, metals
cause DNA damage, lipid peroxidation, and protein

modification (Nagalakshmi and Prasad, 1998; Dewez
et al, 2005). These enzymatic responses are
associated with increased ROS production leading to
“oxidative stress” occurring when the ROS generation
rate exceeds that of their removal (Ercal ef al., 2001;
Pinto et al., 2003; Martinez-Alvarez et al., 2005).
This study has shown that not only metal exposure,
but also hardness of water may cause the oxidative
stress responses.

Copper, comparing to most metals, is highly
toxic for fish even at low exposure concentrations
(Heath, 1987; Lauren and McDonald, 1987; Ay et al.,
1999; Atli and Canli, 2003). Likewise, in the present
study fish mortality occurred after Cu exposure in soft
water, beginning at day 8 and all fish had died by day
14. However, there was no fish mortality in hard
water exposures, indicating the protective role of ions
causing the hardness. Toxicity of metals is influenced
by physicochemical properties of aquatic environment



D. Saglam et al. / Turk. J. Fish. Aquat. Sci. 14: 43-52 (2014) 49

such as salinity, pH and hardness. The previous data
demonstrated that uncontrolled loss of Na ions from
cells largely determines the toxicity of Cu in fish
(Blanchard and Grosell, 2006; De Boeck et al., 2010).
Hardness can alter the bioavailability and, by
consequence, toxicity of metals as being increased
with decreased hardness (Heath, 1987; Bury et al,
2002; Monserrat et al., 2007). Therefore, fish
mortality occurred in the present study could be due
to the enhanced Cu toxicity, as a result of higher Cu
bioavailability in soft water media.

The liver is found to be stronger in view of
oxidative stress than the other tissues with the highest
SOD and CAT activities (Heath, 1987; Schlenk and
Benson, 2001; Atli et al., 2006). This could be related
to the fact that the liver is the site of multiple
oxidative reactions and maximal free radical
generation; therefore liver tissue was thought to be the
best to present the response of CAT activity to metal
exposure (Hidalgo et al., 2002; Giil et al., 2004; Avci
et al., 2005). Antioxidant defense enzymes such as
CAT and SOD have a remarkable importance for
aquatic organisms because these enzymes protect
them from free radicals that cause oxidative stress.
The present results showed that SOD activity
generally decreased though CAT activity increased.
CAT was also found to be the most sensitive
antioxidant enzyme when compared to the others. The
increase in CAT activity may be related to cope with
the increased oxidative stress caused by metal
exposures, while the decrease may be related to
possible direct binding of metal ions to -SH groups on
the enzyme molecule. Higher CAT activity was also
recorded in different fish species after Cu and Cd
exposures (Basha and Rani, 2003; Dautremepuits et
al., 2004; Sanchez et al., 2005). Atli et al. (2006)
demonstrated the significant alterations in CAT
activity both in vivo and in vitro in different tissues of
O. niloticus after acute and chronic metal exposures.
Sensitivity of SOD and CAT activities to metal
exposures were also supported with our previous
results (Atli and Canli, 2008, 2010). Decreased SOD
activity might be an indicator of damage in the
antioxidant mechanisms caused by metal exposure
and water hardness. Barata ef al. (2005) also found
variations in SOD and CAT activity in Daphnia
magna after Cd and Cu exposures depending upon
metal concentrations. They concluded that toxicants
may induce  different antioxidant/prooxidant
responses depending on their ability to produce ROS.
The response of the antioxidant system could differ
when organisms exposed to metals and some other
factors. For instance, (Garcia Sampaio et al., 2008)
showed that single-factor Cu exposure was found to
be insufficient to decrease the SOD activity in fish
(Piaractus mesopotamicus) whereas under hypoxia
and combined-factors of hypoxia Cu led a significant
decrease in its activity. This situation supports the
present data which showed decreases in the activity in
SW+metal groups compared to HW+metal groups,

indicating enhanced metal toxicity in soft water.
Vega-Lopez et al. (2008) demonstrated the depressed
SOD and increased CAT activity in the liver of fish
Girardinichthys viviparous obtained from the lakes in
Mexico with different habitats. Their results also
indicated that the CAT was the main antioxidant
defense enzyme. This SOD-CAT activity trend was
also recorded in the present study in detoxification of
ROS generated by several toxicants including metals.
The SOD-CAT system, the first line of defense
system against oxidants varied according to the
response of fish antioxidant system to counteract with
the toxicity of hardness and metal exposures (Basha
and Rani, 2003; Vutukuru et al, 2006; Garcia
Sampaio et al., 2008; Atli and Canli, 2010).

It was suggested that GSH content showed both
increases and decreases in fish tissues exposed to
metals due to their organ-specific responses
(Berntssen et al., 2000; Sayeed et al., 2003; Atli and
Canli, 2008). The increase of hepatic GSH level in
fish is probably due to defense system to protect the
fish from the oxidative stress. It was also shown that
Cd and Cu in different concentrations caused
significant GSH level increases in the liver of O.
niloticus in our previous research (Atli and Canli,
2008). However, in SW+Cd exposure total GSH
decreased compared to HW+Cd exposure due to the
enhanced Cd toxicity in soft water. Decreased GSH
level induced by metals could be depending upon the
GSH binding to metals to eliminate the toxic effects
(Elia et al., 2003). Lima et al. (2006) indicated that
increased GSH levels in O. niloticus exposed to a
contaminated effluent appear to be an antioxidant
adaptation to chronic exposure. On the other hand, the
decreased GSH levels in the gill and kidney of
Anguilla anguilla exposed to Cu were related to the
increased use of GSH to stabilize Cu in its oxidative
stress for preventing the redox cycling and free
radicals regeneration (Ahmad et al, 2005). They
concluded that GSH first made a rapid protection
against oxidative stress via GSH redox cycle or
directly detoxifying the ROS generated by oxidative
stress (Barata er al., 2005; Ruas et al, 2008).
Experimental factors such as time of exposure and
dose or environmental factors such as quality of water
should be taken into account for possible antioxidant
system responses to oxidative stress caused by
pollutants (Monserrat et al., 2007; Baysoy et al.,
2012; Alak et al., 2013).

The data from the present study showed that
activity of GPX showed decreasing trend and it was
the most responsive GSH dependent antioxidant
enzyme, but it was less affected than CAT. This could
be due to the high hydrogen peroxide concentration
which associates with CAT activity (Pinto et al,
2003; Trenzado et al., 2006). GPX activity can be
also considered complementary to CAT activity that
was also supported with the present data. Garcia
Sampaio et al. (2008) also emphasized the secondary
capacity to decompose the peroxides by GPX than
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CAT in the liver of P. mesopotamicus after the
exposure of hypoxia and Cu. Decreasing trend in
GPX activity could be attributed to the direct effects
of metal ions on the active site of enzyme molecules.
Orun et al (2008) also indicated the significant
alterations in GPX activity together with SOD and
CAT activities in the tissues of fish Onchorhynchus
mykiss after Cd and Cr exposures. In addition, the
effects of soft water were also remarkable for these
enzyme activities in this study. One can conclude that
differences in hardness of water could also trigger the
antioxidant enzyme responses.

In this study, GR activity exhibited little
variation in soft water media compared to other active
antioxidant enzymes. Reduction of GR activity may
result in GSH depletion if extra synthesis of GSH
cannot occur to protect its redox status, as a
consequence of the prooxidative effects. Additionally,
enhancement of GR activity could occur due to re-
establishment of the GSH levels that is oxidized (Atli
and Canli, 2010). Fei et al. (2011) suggested that the
response of GR in different tissues of fish Pampus
argenteus was characterized by tissue specificity and
time sequence during the salinity exposures.
Nevertheless, GR activity did not alter except for a
few cases in the present study. This result could be
attributed to the significant changes in CAT, SOD,
GPX activities and GSH levels thus we can conclude
that sufficient response was provided with these
antioxidant parameters that are appeared to be act as
an important defense element.

In this study, a decreased in GST activity of O.
niloticus was recorded only after 7 day Cu exposure
in SW condition in contrast to HW+Cu exposure,
though there were not so much responses in GST
activity to metal exposures in waters with different
hardness, similar with GR activity. Decreased GST
activity could also be due to compensate the ROS
impact on antioxidant system with other antioxidant
enzymes. Dautremepuits et al. (2004) observed a
decrease in antioxidant enzyme activity in the liver of
Cyprinus carpio exposed to Cu and they indicated
that excess Cu causes a rapid GSH oxidation even at
low non toxic Cu concentrations in hepatocytes
followed by GST depletion. However, it was also
interesting to see that total GSH level was not altered
in where alterations in GST activity occurred.

Conclusion

The antioxidant enzymes are of great importance
against the effects of metals and hardness in fish. Data
from the present study showed that water hardness
alone and with metal combination affects the response
of antioxidant enzymes, possibly due to affecting fish
physiology. Cu caused fish mortality after 8" day in
soft water, though there was no fish mortality in hard
water, suggesting the higher bioavailability of Cu in
soft water. Likewise, the antioxidant system of fish
was more influenced by metal exposures in soft water,

as the hepatic antioxidant enzymes activity decreased.
The present study stressed the importance of water
quality (hardness) on determination of metal toxicity.
This study could be beneficial in ecotoxicological
researches in freshwaters as it provides data about
antioxidant system response of fish exposed to metal
in waters with different hardness. Nevertheless,
further researches are necessary to shed more light on
characterization of biological responses such as
antioxidant enzymes as sensitive biomarkers in fish.
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