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We determined oxidative stress by measuring the expression and activity of 3 antioxidant enzymes [Cu/Zn-
superoxide dismutase (Cu/Zn-SOD), catalase (CAT) and glutathione peroxidase (GPX)] in black porgy
exposed to thermal (20 °C→30 °C) and hypoosmotic (35 psu→10 psu and 0 psu) stresses. The expression
and activity of antioxidant enzymes were significantly higher after exposure to 30 °C, 10 psu, and 0 psu.
Furthermore, we measured H2O2 and lipid peroxidation (LPO) levels. As a result, H2O2 and LPO levels were
significantly increased after exposure to thermal (20 °C→30 °C) and hypoosmotic stress (35 psu→10 psu
and 0 psu) stress. These results indicate that thermal and hypoosmotic stress induces oxidative stress in
black porgy. Additionally, we investigated the changes due to thermal and hypoosmotic stress by measuring
plasma cortisol and ion (Na+ and Cl−) levels. Plasma cortisol levels increased at 30 °C and at 10 psu and then
decreased at 0 psu. However, plasma Na+ and Cl− levels did not change after exposure to thermal stress
(30 °C), and decreased at 10 psu and 0 psu. In conclusion, thermal and hypoosmotic environments increase
oxidative stress, thereby these results may be indicators of oxidative stress in black porgy.
+82 51 404 4750.
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1. Introduction

Stress factors in fish can be divided into 2 groups: physical factors,
such as salinity, temperature, culture density, temperature, dissolved
oxygen, and chemical factors (Beckmann et al., 1990). Physical factors,
such as salinity and temperature change, affect growth, reproduction,
metabolism, osmoregulation, and immune function, causing negative
effects under physiological conditions, such as a disturbance in
growth and reproduction (Ackerman et al., 2000). Furthermore,
stress induced by changes in salinity has been associated with
enhanced reactive oxygen species (ROS) generation, which may
seriously affect immune function and lead to oxidative stress (Paital
and Chainy, 2010; Shin et al., in press).

ROS, including superoxide (O2
−), hydrogen peroxide (H2O2),

hydroxyl radicals (OH−), and singlet oxygen (1O2), are produced
naturally during oxidative metabolism (Roch, 1999). Overproduction
of ROS in response to environmental stress can lead to increased lipid
peroxidation (LPO) and may affect cell viability by causing membrane
damage and enzyme inactivity (Nordberg and Arnér, 2001). Subse-
quently, cell senescence and apoptosis and oxidation of nucleic acids
and proteins may be accelerated. The resultant DNA damage may
provoke a variety of physiological disorders such as accelerated aging,
reduced disease resistance, and reduced reproductive ability (Kim and
Phyllis, 1998; Pandey et al., 2003).

Complex antioxidant defense systems maintain homeostasis and
protect aerobic organisms against ROS and the subsequent damage of
oxidative stress. Antioxidants may be enzymes such as superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX), and
glutathione S-transferase (GST), as well as compounds such as
metallothionein, quercetin, vitamin C, and vitamin E (α-tocopherol)
(McFarland et al., 1999; Jayaraj et al., 2007). Antioxidant defense
systems are found in the livers and kidneys of marine organisms
(Basha Siraj and Rani Usha, 2003). Both SOD and CAT directly
scavenge ROS. SOD removes O2

− through the process of dismutation
to O2 and H2O2 (2O2

−+2H+→H2O2+O2; Kashiwagi et al., 1997).
The H2O2 produced by Cu/Zn-SOD is sequentially reduced to H2O and
O2 by CAT (Kashiwagi et al., 1997). CAT is an oxidoreductase that
breaks down 2 molecules of H2O2 into 2 molecules of H2O and O2

(2H2O2→2H2O+O2), thereby counteracting the toxicity of H2O2

(Kashiwagi et al., 1997).
Black porgy (Acanthopagrus schlegeli) is an euryhaline teleost that

moves from coastal waters to near-shore shallow areas during the
transition from larvae to juveniles and lives in coastal waters near
land or in estuaries and in 18–21 °C water (Kinoshita and Tanaka,
1990). In summer, water temperature is increased, and then stress
and death of the fish occurs than in any other season (Collazos et al.,
1995). Therefore, we investigated the expression and activity of
antioxidant enzymes and the changes in the H2O2, and LPO levels in
black porgy to understand the oxidative stress induced by thermal
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and hypoosmotic stress. In addition, we analyzed changes in Na+, Cl−,
and cortisol levels to provide basic data about the physiological
responses and the index of stress induced by thermal and hypoosmo-
tic stresses in black porgy.

2. Materials and methods

2.1. Experimental fish and conditions

The study was performed with 1-year-old black porgy (Acantho-
pagrus schlegeli, Sparidae) (n=60, 14.3±0.4 cm, 51.0±6.0 g) reared
in three 220-L circulating filter tanks in the laboratory. Before the
experiment, water temperature and photoperiod were 20±1 °C and
12L:12D, respectively.

2.2. Temperature changes

Fish were reared in seawater in the two circulating filter tanks
(40 L) with automatic temperature regulation systems (JS-WBP-
170RP; Johnsam Co., Seoul, Korea) and allowed to acclimatize to the
conditions for 24 h. The water temperature was then increased from
20 °C to 30 °C in daily increments of 1 °C. No fish died during the
increase in water temperature.

2.3. Salinity change

Transfer of black porgy to a hypoosmotic environment was
performed according to the methods of Min et al. (2003). Briefly,
underground water was poured into the circulating filter tanks (40-L)
and thewater kept at 10 psu for 24 h, and then undergroundwater was
again added to convert the water in the tanks to 0 psu for 24 h. The
water temperature and photoperiod were maintained at 20±1 °C and
12L:12D, respectively. No fish died during the salinity change.

2.4. Sampling

Five fish from each group (35 psu seawater, 10 psu seawater, 0 psu
freshwater and 30 °C water temperature) were randomly selected for
tissue and blood collection and anesthetized with tricaine methane-
sulfonate (200 mg/L, MS-222; Sigma, St. Louis, MO, USA); blood was
taken from the caudal vasculature using a 3 mL heparinized syringe.
After centrifugation (12,000 g, 4 °C, 5 min), the plasma was stored in at
−80 °C before analysis, and fish were killed by spinal transection for
collection of the liver. Immediately after sample collection, the livers
were frozen in liquid nitrogen and stored at −80 °C until total RNA
extraction was performed.

2.5. Quantitative PCR (QPCR)

QPCR was conducted to determine the relative expression of Cu/Zn-
SOD, CAT and GPX mRNA in the total RNA extracted from the liver.
Primers for QPCRwere designedwith reference to the known sequences
of black porgy (GenBank accession no. Cu/Zn-SOD: AJ000249, CAT:
GU370345, GPX: GU799605) as follows: Cu/Zn-SOD forward primer (5′-
GTT GCC AAG ATA GAC ATC AC-3′), Cu/Zn-SOD reverse primer (5′-TTA
GAC TCT CCT CGT TGC-3′), CAT forward primer (5′-GCA ACT ACC AGC
GTG ATG-3′), CAT reverse primer (5′-CAG ACA CCT TGA ACT TGG A-3′),
GPX forward primer (5′-CAG GAG AAC GGC AAG AAT-3′), GPX reverse
primer (5′-TTC CAT TCA CAT CCA CCT T-3′), β-actin forward primer (5′-
GCA AGA GAG GTA TCC TGA CC-3′) and β-actin reverse primer (5′-CTC
AGC TCG TTG TAG AAG G-3′). PCR amplification was conducted using an
iCycler iQMulticolorReal-TimePCRDetectionSystem(Bio-Rad,Hercules,
CA, USA) and iQ™ SYBR Green Supermix (Bio-Rad) according to the
manufacturer's instructions. QPCR was performed as follows: denatur-
ation at 95 °C for 5 min, 35 cycles of denaturation at 95 °C for 20 s,
annealing at 55 °C for 20 s and extension at 72 °C for 20 s. After the PCR
program, QPCR data from three replicate samples were analyzed with
analysis software of the system (Bio-Rad) to estimate transcript copy
numbers for each sample. The efficiencies of the reactions were
determined by performing the QPCR. The efficiencies were found to be
as follows: β-actin=95.3%, Cu/Zn-SOD=96.7%, CAT=97.0% and
GPX=95.1%. All data were expressed as change with respect to the
corresponding β-actin calculated cycle threshold (ΔCt) levels.
The calibrated ΔCt value (ΔΔCt) for each sample and internal control
(β-actin) was calculated [ΔΔCt=2^−(ΔCtsample−ΔCtinternal control)].
Also, to ensure that the primers amplified a specific product, we
performed a melt curve, melting at only one temperature.

2.6. Cu/Zn-SOD, CAT and GPX activity analysis

The tissues were homogenized in ice-cold 0.1 M phosphate-
buffered saline (PBS, pH 7.4) containing 1 mM ethylenediaminete-
traacetic acid (EDTA). The homogenates were centrifuged at
10,000×g for 15 min at 4 °C; the supernatant was removed and
then the remaining sample was used for analysis. Cu/Zn-SOD, CAT
and GPX activities were determined using commercial kits supplied
by Cayman Chemical (Ann Arbor, MI, USA) and measured the
activity according to the manufacture's instruction.

Cu/Zn-SOD activity was assessed by using a tetrazolium salt for
detecting superoxide radicals generated by xanthine oxidase and
hypoxanthine. One unit of Cu/Zn-SOD is defined as the amount of
enzyme needed to exhibit 50% dismutation of the superoxide
radical. Absorbance was read at 450 nm. Each assay was performed
in duplicate, and enzyme units were recorded as U/mL. For CAT
activity, the assay is based on the reaction of the enzyme with
methanol in the presence of an optimal concentration of H2O2. The
formaldehyde produced is measured spectrophotometrically with
4-amino-3-hydrazino-5-mercapto-1,2,4-triazole (Purpald®) as the
chromogen (Wheeler et al., 1990). Purpald® specifically forms a
bicyclic heterocycle with aldehydes, which upon oxidation changes
from colorless to purple. Absorbance was read at 540 nm. Each assay
was performed in duplicate, and CAT activity was expressed in
nmole/min/mL. GPX activity measured indirectly by a coupled
reaction with glutathione reductase. Oxidized glutathione, pro-
duced upon reduction of hydroperoxide by GPX, is recycled to its
reduced state by glutathione reductase and NADPH. The oxidation of
NADPH to NADP+ is accompanied by a decrease in absorbance at
340 nm, and GPX activity expressed in nmol/min/mL.

2.7. H2O2 assay

H2O2 concentrations were measured using the modifiedmethods of
Nouroozzadeh et al. (1994) and a Peroxidetect Kit (Sigma). The 20 µL of
black porgy plasma was added per well to flat-bottom 96-well plates.
Plates were left at room temperature for 20 min to allow the plasma to
settle and adhere to the plate. A working color reagent was prepared by
mixing 100 mL distilled water containing 100 mM sorbitol and 125 µM
xylenol orange (Sigma)with 1 mL of 25 mM ferrous ammonium sulfate
prepared in 2.5 M sulfuric acid (Sigma). Two hundredmicroliters of this
reagent was then added to each well and allowed to incubate at room
temperature for 1 h. Absorbance was read at 560 nm and the
concentration of H2O2 was interpolated from a standard curve.
Concentrations are expressed as nM/mL.

2.8. LPO assay

LPO is quantified by measuring malondialdehyde (MDA) and 4-
hydroxynonenal (4-HNE), the degradation products of polyunsatu-
rated fatty acids (PUFAs) hydroperoxides (Esterbauer et al., 1991),
and is measured according to the manufacture's instructions
(Lipid Hydroperoxide Assay Kit, Cayman Chemical). Tissue (1 g)
was homogenized in 10 mL of HPLC-grade water. The 500 µL of the
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cytosolic fraction of the homogenate were added glass tube. The
500 µL of chloroform, 450 μL of chloroform–methanol, and 50 μL of
ferric thiocyanide solution (FTS) reagent 1 and FTS reagent 2
mixtures (Cayman chemical) were added glass tube and mixed. This
sample incubated for 5 min at room temperature. Samples (300 μL
per well) were added to flat bottom 96 well plates. The absorbance
was read at 500 nm using a plate reader. LPO is expressed as nM of
MDA and 4-HNE/g protein.
2.9. Plasma parameters analysis

Plasma Na+ and Cl− were examined using a biochemistry
autoanalyzer (Hitachi, Japan). And plasma cortisol was analyzed by
radioimmunoassay (RIA) using a commercial RIA kit (Diagnostic System
Laboratories, Webster, TX, USA).
2.10. Statistical analysis

All data were analyzed using the SPSS statistical package (version
10.0; SPSS Inc., USA). Oneway ANOVA followed by Tukey's post hocwas
used to compare the differences to control in the data (Pb0.05).
Fig. 1. Expression of Cu/Zn-superoxide dismutase (Cu/Zn-SOD) (A), catalase (CAT) (B), gluta
chain reaction (PCR), and activity of Cu/Zn-SOD (D), CAT (E) and GPX (F) in black porgy expo
by using gene-specific primers. The results are expressed as normalized fold expression with
(Pb0.05). All values are mean±standard deviation (SD) (n=5).
3. Results

3.1. Expression of antioxidant enzymes induced by thermal and
hypoosmotic stress

Cu/Zn-SOD and CAT mRNA expressions significantly increased by
about 5-fold, and GPX mRNA significantly increased by about 3.8-
fold in the 30 °C group as compared to those in the control group
(20 °C) (Fig. 1). Cu/Zn-SOD and CAT mRNA expressions significantly
increased by about 17.5-fold and 13-fold, respectively, and GPX
mRNA significantly increased by about 7.3-fold at 10 psu, and then
decreased at 0 psu (Fig. 2).
3.2. Activity of antioxidant enzymes induced by thermal and
hypoosmotic stress

Cu/Zn-SOD and CAT activities significantly increased by about
2-fold, and GPX activity significantly increased by about 1.3-fold in
the 30 °C group as compared to those in the 20 °C group (Fig. 1).
Cu/Zn-SOD and CAT activities significantly increased by about 2.5-
fold, and GPX activity significantly increased by about 1.2-fold at
10 psu, and then decreased at 0 psu (Fig. 2).
thione peroxidase (GPX) (C) mRNA as measured by quantitative real-time polymerase
sed to thermal stress (30 °C). Total RNA (2.5 μg) was reverse-transcribed and amplified
respect to β-actin in the same sample. Different letters indicate significant differences



Fig. 2. Expression of Cu/Zn-superoxide dismutase (Cu/Zn-SOD) (A), catalase (CAT) (B), glutathione peroxidase (GPX) (C) mRNA as measured by quantitative real-time polymerase
chain reaction (PCR), and activity of Cu/Zn-SOD (D), CAT (E) and GPX (F) in black porgy exposed to hypoosmotic stress (10 psu and 0 psu). Total RNA (2.5 μg) was reverse-
transcribed and amplified by using gene-specific primers. The results are expressed as normalized fold expression with respect to β-actin in the same sample. Different letters
indicate significant differences (Pb0.05). All values are mean±standard deviation (SD) (n=5).
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3.3. Effects of thermal and hypoosmotic stresses on H2O2 levels

At a temperature of 20 °C (35 psu), the plasmaH2O2 levelwas 66.2±
7.1 nmol peroxide/mL in the control group. It significantly increased to
191.4±8.7 nmol peroxide/mL at 30 °C (Fig. 3). At a salinity level of
10 psu, the H2O2 level increased to 210.4±5.8 nmol peroxide/mL. It
then decreased to 166.7±11.2 nmol peroxide/mL at 0 psu (Fig. 4).

3.4. Effects of thermal and hypoosmotic stresses on LPO levels

At 35 psu (20 °C), the level of LPO (expressed as malondialdehyde
(MDA) and 4-hydroxynonenal (4-HNE) compounds) was 57.3±
6.8 μM, and it significantly increased to 131.5±6.2 μM at 30 °C
(Fig. 3). The level of LPO increased to 114.1±12.3 μM at 10 psu and
119.2±5.7 μM at 0 psu (Fig. 4).

3.5. Effects of thermal and hypoosmotic stresses on plasma parameters

The plasma cortisol level was 9.0 ng/mL in the control group, but it
significantly increased to 47.5 ng/mL at 30 °C (Table 1). It increased to
18.7 ng/mL at 10 psu and 32.5 ng/mL at 0 psu (Table 2). The plasma
Na+ and Cl− levels were 179.5 mEq/L and 153 mEq/L, respectively, in
the control group, but there were no significant differences in these
parameters between the 20 °C and 30 °C groups (Table 1). The plasma
Na+ and Cl− levels decreased to 171 mEq/L and 138.3 mEq/L,
respectively, at 0 psu (Table 2).

4. Discussion

This study was performed to understand the oxidative stress
induced in the body by rapid environmental changes, such as the
transfer of black porgy to high water temperatures or hypoosmotic
environments. We measured the expression and activity of antioxi-
dant enzymes (Cu/Zn-SOD, CAT and GPX) as well as an index of
oxidative stress (H2O2 and LPO) to investigate the oxidative stress
induced by high water temperatures and hypoosmotic environments.
In addition, we investigated the physiological changes by measuring
plasma Na+, Cl−, and cortisol levels.

It is known that rapid changes in water temperature and salinity
induce oxidative stress by increasing the amount ROS in fish (Shin et al.,
in press). In the present study, black porgy reared at 20 °C were
transferred to high water temperature (30 °C), and we then measured
the mRNA expression and activity of Cu/Zn-SOD, CAT and GPX in the
liver. We found high levels of these parameters at 30 °C (Fig. 1). Our
results are in agreement with those of a previous report that found
increased GPX activity in goldfish exposed to high temperatures
(3 °C→23 °C) (Bagnyukova et al., 2007). Moreover, Cu/Zn-SOD activity
increased when goldfish were exposed to 35 °C water temperature



Table 1
Plasma Na+, Cl− and cortisol levels during temperature changes in black porgy.

Ambient Na+ (mEq/L) Cl− (mEq/L) Cortisol (ng/mL)

20 °C 179.5±2.5 153.0±2.3 9.0±3.0a

30 °C 180.3±1.1 159.3±1.0 47.5±2.3b

Different letters indicate significant differences (Pb0.05). All values are mean±
standard deviation (SD) (n=5).

Fig. 3. Plasma H2O2 levels (A) and malondialdehyde (MDA) and 4-HNE levels (B) in
black porgy exposed to thermal stress (30 °C). Different letters indicate significant
differences (Pb0.05). All values are mean±standard deviation (SD) (n=5).
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(Lushchak and Bagnyukova, 2006a, b) and in mice exposed to 38 °C
temperature (Djordjević et al., 2004), indicating a possible key role of
SOD in protection against ROS produced at high temperatures
(Lushchak and Bagnyukova, 2006a, b). Thermal stress accelerates the
oxidation of polyamine in cells to generate ROS (Harari et al., 1989);
thus, oxidative stress induced by ROSmay be closely connectedwith the
antioxidant response (Abele et al., 1998; Liu et al., 2007). Furthermore,
to examine the ROS levels induced by thermal stress, we investigated
H2O2 levels in plasma. We found that the plasma H2O2 concentration
was significantly increased at 30 °C (Fig. 3). Thus, oxidative stress was
induced by thermal stress, and this result supports the increase in the
Fig. 4. Plasma H2O2 levels (A) and malondialdehyde (MDA) and 4-HNE levels (B) in
black porgy exposed to hypoosmotic stress (10 psu and 0 psu). Different letters indicate
significant difference (Pb0.05). All values are mean±standard deviation (SD) (n=5).
expression and activity of antioxidant enzymes (Cu/Zn-SOD, CAT and
GPX) caused by thermal stress in the present study.Moreover,when the
fish are under oxidative stress induced by exposure to high water
temperatures, the LPO levels increase as do the expression and activity
of antioxidant enzymes (Abele et al., 1998; Bagnyukova et al., 2007). In
this study, when black porgy were exposed to 30 °C temperature, the
LPO level increased (Fig. 3); this result is in agreement with that of a
previous study on goldfish, wherein the products of LPO, lipid peroxides
(LOOH) and thiobarbituric acid-reactive substances (TBARS), increased
due to oxidative stress inducedby thermal stress (35 °C) andMDA levels
increased in thornfish exposed to 36 °C temperature (Chien andHwang,
2001).

It is known that the aquatic organisms were under oxidative stress
induced by salinity changes as well as high water temperatures
(Halliwell and Gutteridge, 1989; Liu et al., 2007; Shin et al., in press).
Black porgy reared at 35 psu were gradually transferred to 10 psu or
0 psu, and we investigated the expression and activity of antioxidant
enzymes (Cu/Zn-SOD, CAT and GPX). The levels of these enzymes
tended to increase at 10 psu and decrease at 0 psu (Fig. 2). These results
are similar to that of a previous study that found that the expression of
GPX mRNA in olive flounder increased by exposure to a hypoosmotic
environment (Choi et al., 2008). The activity of Cu/Zn-SOD and CAT
increased in mud crab by exposure to a hypoosmotic environment
(10 psu) (Paital and Chainy, 2010), and the expression and activity of
Cu/Zn-SOD and CAT in ark shell increased by exposure to a hypoosmotic
environment (An and Choi, 2010).

The mRNA expression and activity of Cu/Zn-SOD elevated when
black porgy was exposed to high temperature and hypoosmotic
environments. High temperature and hypoosmotic stresses might
have produced a large amount of ROS in liverwhich could have induced
Cu/Zn-SOD to scavenge superoxide radicals. Produced H2O2 after
removed superoxide radicals were scavenged by CAT and GPX. In high
temperature andhypoosmotic environments, themRNAexpression and
activity of CAT and GPXwere similarwith each other, so produced H2O2

was removedbyCATandGPXas same function (Chae et al., 1999). These
results concur with those of previous study reported that CAT and GPX
activities significantly increased as same patterns (Li et al., 2010).

Moreover, to examine the levels of ROS induced by hypoosmotic
stress, we measured the plasma H2O2 concentration and found that the
plasma H2O2 concentration significantly increased at 10 psu (Fig. 4). On
the basis of these results, we suggest that oxidative stress in black porgy
increased in a hypoosmotic environment (10 psu), but it decreased at
0 psu leading to a decrease in H2O2 concentration. However, LPO was
maintained at high levels at 0 psu; thus, we found that LPO was
constantly induced, despite the decrease in oxidative stress at 0 psu
(Fig. 4).
Table 2
Plasma Na+, Cl−, and cortisol levels during salinity changes in black porgy.

Ambient Na+ (mEq/L) Cl− (mEq/L) Cortisol (ng/mL)

35 psu 179.5±2.5a 153.0±2.3a 9.0±3.0a

10 psu 176.8±1.9a 145.5±1.0b 18.7±2.2b

0 psu 171.0±2.9b 138.3±3.9c 32.5±4.7c

Different letters indicate significant differences (Pb0.05). All values are mean±
standard deviation (SD) (n=5).
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Although black porgy is the euryhaline teleost (Kimura and Tanaka,
1991), it was under oxidative stress induced by rapid salinity changes.
We suggest that the expression and activity of antioxidant enzymes
decreased because blackporgyhad already adapted to 0 psu freshwater,
and this concurred with those of previous study reported that black
porgy adapted in 0 psu (Chang et al., 2007). Thus,wehypothesize that in
black porgy the expression and activity of the antioxidant enzymes
increased as a defense system against oxidative stress (high water
temperatures and hypo-salinity environment).

Furthermore, when the fish are under stress induced by rapid
environmental changes, the plasma cortisol levels increase (Barton
and Iwama, 1991). In the present study, when black porgy that were
reared at 20 °C and then transferred to 30 °C, plasma cortisol levels
were high at 30 °C (Table 1). When Atlantic cod (Pérez-Casanova
et al., 2008) and Chinook salmon (Barton and Schreck, 1987) were
exposed to high water temperatures, the plasma cortisol levels
increased; thus, we believe that high water temperatures induce
stress in fish.

We detected that the plasma cortisol levels significantly increased
at 10 psu. The levels increased at 0 psu after transfer from 35 psu to
10 psu and 0 psu (Table 2). We believe that rapid salinity changes
increased the plasma cortisol levels. This was also noted in a previous
study inwhich cortisol levels significantly increasedwhen black porgy
was transferred from seawater to freshwater (Chang et al., 2002) and
when tilapia was transferred from freshwater to seawater (Chang and
Hur, 1999). However, although black porgy are euryhaline fish with a
strong salinity tolerance (Kimura and Tanaka, 1991), we hypothesize
that they are under stress at hypoosmotic environment (10 and 0 psu)
because of a rapid salinity change, so the cortisol levels increased. In
fish, it is well known that cortisol is involved in hypoosmoregulation
and ion regulation in teleots (Mommsen et al., 1999; Mancera et al.,
2002). Also, there are many studies that cortisol plays a role in ion
uptake in teleosts (Mancera et al., 2002). Therefore, in the present
study, it seems that cortisol was increased for regulation of ion levels.
In addition, plasma Na+ and Cl− levels did not change significantly
when black porgy were transferred from 20 °C to a high water
temperature environment (30 °C) (Table 1); thus, we believe that the
stress induced by a high water temperature environment did not
affect osmolality.

On the other hand, the ion levels in fish changed due to rapid
salinity changes. In this study, when black porgy were gradually
transferred from 35 psu to 10 psu and 0 psu, the plasma Na+ and Cl−

levels tended to decrease during the experimental period (Table 2).
This is in agreement with the results of a previous study in which the
levels of Na+ and Cl− in plasma decreased in flatfish (Sampaio and
Bianchini, 2002). Thus, we believe that the levels of Na+ and Cl− in
plasma decreased after transfer to hypoosmotic environment because
the salinity content of the water was lower than that of their bodies;
ions were released outside and water flowed inward to maintain the
body's osmolality (Mancera et al., 1993, McCormick, 1995).

In conclusion, oxidative stress was induced in black porgy by
exposure to thermal and hypoosmotic environments. Therefore we
concluded that these stress factors increased expression and activity
of Cu/Zn-SOD, CAT and GPX to remove ROS, and these factors lead to
LPO. So we suggested that black porgy have the antioxidant system
against these stress factors. Black porgy adapted to the hypoosmotic
environment (0 psu) because euryhaline teleost fish have a strong
salinity tolerance, but we concluded that black porgy were stressed by
the rapid salinity change. Moreover, we suggest that markers of
oxidative stress increased in a high water temperature environment.
The fact that black porgy were stressed by exposure to the high water
temperature and hypoosmotic environment is an obvious fact. In this
study, we investigated the levels of ROS that can be expected to be
induced due to environmental changes, and cortisol as a biomarker of
stress. Furthermore, these results, along with antioxidant enzymes
(expression of mRNA and activity) and LPO generated by various
environmental stresses can provide basic data about oxidative stress
and antioxidant mechanisms.
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