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Combined effect of Cu and temperature on physiological and biochemical

change of rock fish, Sebastes schlegeli

Su Kyong Baeck

Department of Fish Pathology, Graduate School,

Pukyong National University

Abstract

Copper (Cu) is an essential metal for all organisms including fish. It has an
important role in metabolism and its concentration is-well regulated. However, Cu
1s one of the most toxic metals to fish and affects wvarious blood parameters,
growth, behavior, enzyme activity, and reproduction.

Exposed to this toxicant, fish'is under stress, and consequently, it ‘can also
affect ability to maintain homeostasis.

This study was conducted to investigate effects on hematological parmeters and
oxidative stress and concentration -of -cortisol® in “rock  fish, ~Sebastes schlegeli
exposed copper for 4 days. Temperaturecondition was 18T, 23C and 28T,
copper concentration was 100ppm, 200ppm, respectively.

The RBC count and Ht were significantly decreased in exposed rock fish
compared to control group.

The rock fish exposed to all copper concentration started to increase

significantly in serum calcium. Serum magnesium started to increase significantly



to all copper concentration but a little decreased at 23C.

Although serum total protein concentrations was significantly increased
compared to the control group at copper concentration 100ppm, serum glucose
concentration was found to be significantly increased over the control group. A
significant increment of GOT, GPT and LDH activities in the rock fish serum
was noticed at all temperature conditions.

GSH and GST activities in the rock fish serum was increased in liver, gill and
kidney, GPx activities was decreased. GR activities was increased in liver and gill
however, significance was confirmed only in kidney.

In Summary, copper can lead to stress to fish, homeostasis was wrecked in

metabolic processes.
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et al., 2002).

ZEH2E ol Ao A FoA= oA 52 WA 297 f71A9 s HAE
dold o Ask= A A -AeA AE dHoR, dRkdor ~EHAY Ade A
HOoRAY 2EY A WhgogAY] ~EYA IR A 7MY AF Al de A&
o 2AM 2EY 2 5 AA Al AR vdEm g Ao o FolA 2Ed s 3o

v 9 o] WA g4 AF5o=2 3] FHIE AU WalE v HE

3t} (Chrousos and ‘Gold, 1992).
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b= 28 s e

ol

2E# 2 ofFf9 FHHEoEHES Ao 2
2ZA v E5E oA Y wE AnE §bele] (Barton and Iwama, 1991; Pickering
et al, 1993) A4S w3412 4 Ao (Pickering, 1990), o] Ao A 3}stz <l 28

S tgoEA AT E dgS vF 7 At (Specker and Schreck, 1980).
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FolA ZEIZE (cortisol) 2 LAl Hl-g T2 =HHo o3 A ~E#HX~
of tigt J3ts AAs7] A A-E ®rh (Gamperl et al., 1994).

oA ZEZ3 JHHEol e #HlE dutdow 4 AT F de AFHA

2]
AR 2EH 27 s A4 AR FUkgth s AvE Aol 54
Aol s Wl BAHS ARy v SA8HE A% At (Pickering et al,
1982; Barton and Iwama, 1991).
ZFE £ A4S -5 5F A -7kal A (hypothalamus—pituitary -interrenal axis, HPI
axis)ol 28] A=F% a1 FHIE = corticosteoid hormone®] £ 2Q1 FA 24010, 2

HA pEAH o2 oA tjAol Bodsta (Vijayan-and Moon, 1994; Vijayan et al.,

1994, 1996, 1997), ol2>3 A% xZ (McCormick, 1995), W 75d FL238 I3S
st} (Wendelaar Bonga, 1997). 28] 3, &sts, ol = 2] A gjAbel] #ofsl ko

A 2FF2 A A FHZY s 2EHE A st & Srtst
= A2 oyt (Maule et al., 1993).
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Table 1. The chemical components of seawater and experimental condition used

in the experiments

Item Value
Temperature (C) 180 + 2
pH 810 + 0.3
Salinity (%) 33.1 £ 05
Dissolved Oxygen (mg/L) 69 + 05
Chemical Oxygen Demand (ug/L) 132 + 04
Ammonia (ug/L) 1258 + 1.6
Nitrite (ug/L) 1.33 # G
Nitrate (ug/L) 1055+ 05




218 o]= Ethyl p—aminobensoate (Sigma chemical, St. Louis, MO)2. 2 w}F Al 7]
5, @4 1E 47| el heparine-Na (5,000 L U., FeAlh)E Aggt FA7IE A
Rk e RS =k P A=

A3 ZA AT S+ (Red Blood Cell count), hemoglobin (Hb) 2 hematocrit

o
ol
2L
£
d

(HH) S =A389 . A8 194+ Hendrick's diluting solution®® dHS 1 : 20007

3213 & hemo-cytometer (Improved Neubauer, Germany)Z ©]-&3to] 43t & n)

d5 Hb FEv AAHIL e o4& kit (Sigma Co, USA)E ©] &3t

Cyan—-methemoglobin®] &2 =439 2™, HtS hematocrit A #O 2 A g

ot

% microgematocrit centrifuge” (HAWKSLEY AND SONS Ltd., England)l A
12,000 rpmoz 5 B 9AEES us #A=53 (Micro-Haematocrit  reader,

HAWKSLEY AND SONS, England) 2 & =43} 9t}

4. 84
A AN 40, 6000 . rpme 2 5 =3+ A EZ Sl (MICRO 22R, Hettich,
Germany) & #-& ettt

o

FH ol TS 24 (calcium)S Arsenaso I, vl 1Wl s (magnesium) =4 &

rlo

Xylidyl blue- I H& A3t} (Asan-Pharm Co., Ltd).

a9 §714

M
m[o

o] HM3le= Zodwd (total protein)@ FFHZZ (glucose)d W%
ZAbek o ZEZE Biuretd, GOD/PODH S Al&3te= I8 7]E (Asan Pharm.
Co., Ltd)& AH&-3te] SAsAtt

s}

pyruvate transaminase)S =433tk GOT2 GPTE Reitman-Frankel'§ 2.2 =4 3}5]t}.

g3 F 524 49

(E

rir

GOT (glutamic oxalate transaminase), GPT (glutamic



o

.29 EZ9 ZEE (Cortisol) ¥4
HeoS Ao A 2087 WA H, AR (12000 x g, 25%)o] o&] dHS F

Zsto] -70TCe E#AstaA FHZE (cortiso)® Al AMEET FHE FE2

o A4 WEUNEYNZ A2 AZATh 91 B4 28] W= 5 oy Az ~

I

HZol= FZE2L 0.1% gel-PBS buffer (pH=7.5)°] t}A] &3]3 & WAPHIZSA
(RIA-Radioimmunoassay) 2.2 #4133 th 2 Ago] AFEH WARM E A cortisol
[1, 2, 6, 7-°H] cortisol (Amersham)o]®, cortisol 3= Sigma (Anticortisol,

antibody produced in rabbit) AF& AF-&3&S T}

Zh, A% olke] AL 54 84 58 SASAL el WA washing' buffer (0.1
M KCI, pH 74 % AHstAct A& F, 2k =42 homogenizing buffer (0.1 M
KoHPO4, 0.15 M KCl, 1. mM DTT, 1 mM EDTA and 0.1 mM PMSF)E ©]&3}¢]
teflon-glass homogenizer (099CK4424, Glass—Col, Germany)® 23} 3¢t o)A
S ATAIAM 12,000 x g2 25 3t AR ste] Foods d2 F Ad A7nA -7

5C (MDF-U53V, SANYO-Elecric: Co, Ltd., Japan)o| X33} ),

6-1. GSH (Glutathione level)

% ZFFEX 2 (GSH) &2 Richardson and Murphy (1975)¢] e ¢dle] =
ALAct. 94 AlZ] 001 M 5, 5 -dithiobis, 2-nitrobenzoix acid (DTNB), 0.1 M
PBS buffer (pH 8.0)& H7tste] 3 412 nmel A S48kt (Zenyth 200, Anthos

Labtec Instruments Gmbh, Austria). GSH &3 A4F2 10 nM reduced glutathione
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standard solutionS AF&3F AHFHES vlgo 2 S48

6-2. GST (Glutathione S-transferase)

GST &4 @A 2 Habig et al (1974)¢] WHE &8st S A F A
59 02 M potassium phosphate (pH 65)2F =F+E Yol &A1z H 10 mM
GSH® 10 mM CDNBE #H7hgtth, A2eA 1 AE ¥ A7l Hel #33=7
(Zenyth 200, Anthos Labtec Instruments Gmbh, Austria)Z AF&3te] 344 340 nm
oA 5EEQ 30 @92 SUtEE F

ERE T

m[o

=3 3o] &4 S nmol/min/mg proteinl 2

6-3. GPx (Glutathione peroxidase)

GPx 34+ Bell et al (1985)8] W¥oz 43 oz Hy0.E 7|2, sodium
axideE catalase AAZ AFESFH T A5 1 mM GSH, 0.1 mM NADPH, 0.5U
GSH-reductase, 1 mM EDTA, 2 mM sodium azide 2 50 mM <lAetE89 (pH
74)0] E3E EFEAS VI F 57 FF 20ColA HiSFEATE ¥HEES 25 m
H:008 W& Sl AR E Atk NADPHZF 2bshs = HJ& & 340 nmoll A 4% &<
0% 492 B33 =4 (Zenyth 200, Anthos Labtec Instruments Gmbh, Austria) ®

=233 1L, ¢9E nmol/min/mg-protein® 2 XA 531t}

6-4. GR (Glutathione reductase)

GR &4+ Beutler (1984)9] WH & &3l FAH3AT Al=e 1 mM EDTA”}

!

3l¥ potassium phosphate (pH 7.5), 2 mM oxidized glutathione(GSSEG) % 3

nM DTNBE H7bstt), w82 9gd ZA3 NADPHO H7l2 Al #Hsth, NADPH7}
2t 2 FERR S (GSSG) S 39y FFEA R (GSH)e2 A7l & DTNBe



oste] wag §oe BF FLE 412 nmolA 0% ©HE 47 B A

tlo
S
oy

(Zenyth 200, Anthos Labtec Instruments Gmbh, Austria), @¢l+= nmol/min/mg

protein & & A5}

6-5. SOD (Superoxide dismutase)

SOD &4 & 7t7te] AN =5 01 M PBS buffer® @A 814 3te] A5 = SOD
Assay Kit-WST (Dojindo Laboratories. Co., Japan)® #3533 % 450 nmolA A
3tk SOD 1 unit& WSTx9] B3 && 50% SAste= Cu, Zn-SOD9 4 uE
W,

* WST = 2-(4-lodophenyl)-3-(4nitrophenyl)-5-(2,4-disulfophynyl)-2H-tetrazolium,

monosodium salt)

6-6. Protein
2o A el 4L (Bradford (1976) WH o= ZA3Ach Bovine

gamma globulin (Sigma, USA)S Al&3ste] Bw A4S 2443ttt

7. 94 #A
Axtel BAAEE SPSS. AL 2213 (SPSS Inc.)S °)&3ke] ANOVA test®
AT o] AME thEH| a2 A -Tukey=Kramer method= E3] H#7kel 94

(P<0.05)& Hl a8}t

_12_



1. 3 &4

TFEo =& d Z2yEFge dod Ao W= Table 201 YERHSICE Ht

(Heamatocrit)2 18T, 23T A% control, 100ppm, 200ppme FEE F7hollA] ZFA

=

ol
rlr
o
o
rlo
=
fuj
X
o
=
Ho
(o3
oX,
rlo
r o)
%
il
>
&2

Fokar, 28Tl A& 100ppm, 200ppm <]

RBC (Red Blood Cells) count®] A% 18CelA+E= 100ppm, 200ppm %7kl A
ol a7 vEstar, 23ColA = 200ppm Rl AR oA AT YEbwkaL
28 Coll A+= Control, 100ppm, 200ppm HE-F7FolA-Zt4 8t A2 Aoy
frolde dEbuAl skt

Hb (hemoglobin)®] 74, 18C oA+ AWy 2 =& Control, 100ppm, 200ppm T3+2]
T wE Frbshs kel yErse Y w83 R E A &9kal, 23T, 28Tt
A= v7HA = F7kekl L, 100ppm F3kell Al FHal ge yEtHlou fold2 u
EfubA] 2 Skt
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Table 2. Hematological data from rock fish exposed 100ppm and 200ppm at 18T,

23T and 28C for 4 days

control 100ppm 200ppm
18C  47.33+3.17° 36.66+5.78" 39.00+1.0°
Hematocrit (%) 23C  39.00+5.85" 37.33+1.66° 40.66+1.20°
28°C  33.00+1.73" 26.33+3.05"" 25.66+2.84"
18C  551.66x5811°  463.33+31.79"  328.33+881°
RBC (x 10%/mm®) 23°C 498.33+45.12°  498.33+2455"  618.33+13.0
28°C  468.33+7.63" 388.33+8251*  435+52.67
18°C 2814541 68" 35.04+2.41° 43.09+10.72*
Hemoglobin (g/dL) 23°C.  31.64%3.26" 35.58+1.96° 34.41+0.24°
28°C~  34.98%0.67° 44.12+8.61° 36.02+9.30°
Values are means * S. E. !/ (n=5). Values with different superscript are

significantly different (P<0.05) as determined by Tukey-Kramer method.

_14_



A F714 8¢ WsteE Table 39 YeEAT 83 Ul 2% (calcium)e] F=&

N

18T, 23ColA = 100ppm, 200ppmell A 2% F212 F7FE vetdlom, 28°Cel A=
200ppm Rt A o] H F7HE dER

w1 ul 45 (magnesium)® 7 -$= 18T, 23T, 28Ceol A control¥ B W3lHS o,
100ppm¥} 200ppm &% FIFA BFE O FoAHQ F7HF YERY oy 100ppm

200ppm § &= Apolol A= el Aol WAl &tk
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Table 3. Changes of plasma calcium and magnesium in rock fish exposed to

various concentrations of copper for 4 days

control 100ppm 200ppm
18C  858+0.18 10.47+0.25" 11.96+0.19°
Calcium (mg/dL) 23C  9.82+0.08" 10.58+0.15" 11.69+0.14°
28°C  10.2+0.92* 10.5£3.2° 13.1£1.65"
18C  3.45%0.13° 3.60+0.03" 3.84+0.67°
Magnesium (mg/dL)  23°C  3.410.1° 3.75+0.04" 3.76+0.08"
28°€ B Ire0s 3.62+0.14* 3.44+0.66"
Values are means /= S. E. (n=b). Values' with different superscript are

significantly different (P<0.05) as/determined by Tukey-Kramer method.
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2-2. BR[| HE
gl {74 W= Table 49 Yl deh £ @A (total protein)] 75

18C, 100ppm, 200ppm F%= oA o4 F7HE veElyoen, 23CTH3koA =

o~

100ppm, 200ppm 7ol Al B5F fol% S7bE yetllod, w3k fojde #F
A kgt 28ColA &= 18T<F vha7FAl 2 100ppm, 200ppm<e] EE F-Iho| A 2]
A S7H7F vERs

25 3= (glucose)d %o+ 18ColA+ 100ppm, 200ppmE = TF3FFoll A F2 4
77 dEhg oy ke fo)de A ggka, 23Tl A= 200ppm FE T
ol Mut fel 4 F7hzb REH A, 28Tl M= Control# M uLatglS wf 100ppm,

200ppm FETFE REAA FolH S/ vhebg
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Table 4. Changes of plasma total protein and glucose in rock fish exposed to

various concentrations of copper for 4 days

control 100ppm 200ppm
18C  5.42+0.99" 6.39+0.12" 7.27+0.15°
total protein (g/dL) 23C  6.45+0.18" 7.75+0.28" 8.00+0.10
28C 715016 8.18+0.14° 8.95+0.28°
18°C  37.69+0.43" 44.08+1.41° 4715+1.87°
glucose (g/dL) 23C  59.15+0.56° 5857+1.27° 62.76+0.99
28C  55.95£1.96° 70.97+1.77 88.19+1.26°
Values are means = S. E. (n=5). Values with different “superscript are

significantly different (P<0.05) as determined by Tukey-Kramer method,
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(Lactate dehydrogenase)E 7433, 21 A3+ Table 591 YER AT

GOTe 7Z9$ 18T, 23, 28T 9 RE &% oA Control® ®]x3}lo] 100ppm, 200ppm
TRreA frel A S7F BEE AT
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Table 5. Changes of plasma GOT, GPT and LDH in rock fish exposed to various

concentrations of copper for 4 days

control 100ppm 200ppm
18T 40.63+0.48" 57.35+0.29" 88.29+0.33"
GOT (karmen unit) 23T 55.78+0.32" 60.74+0.19" 67.72+0.66"°
28T 42.77+0.36" 47.76+0.22" 53.66+0.75°
18T 30.96+0.06" 36.44%0.26" 42.65+0.25°
GTP (karmen unit) 23T 31.16+0.25" 38.77+0.29" 44.21+0.42°
28T 34.82+0.12" 39.89+0.36" 42.52+0.27°
18T 55.70+0.18" 64.79+0.24" 77.50+0.18"
LDH (IU/L) 23T R/ 57802 68.47+0.22" 80.61+0.12°
28T 56.78+0.19" 63.68+0.10” 76.91+0.22°
Values are means * S.' E. (n=5). Values with  different = superscript are

significantly different (P<0.05) as determined by Tukey-Kramer method.
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3. ZYEZ9 ZEZE (cortisol) ¥= W3
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Figure 1. Cortisol level in the plasma of rock fish, Sebastes schlegeli exposed to
the different concentrations of copper at-18C, 23C, 28°C in seawater. Vertical bar
denotes a standard error.. Values .with different superscript - are significantly

different (P<0.05) as determined by-Tukey-Kramer method:
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Figure 2. Glutathione reductase  activity in the liver of rock fish, = Sebastes
schlegeli exposed to the different concentrations of copper at 18C, 23T, 28C in
seawater. Vertical bar denotes: a- standard error. Values, with' different superscript

are significantly different (P<0.05) as-determined 'by Tukey-Kramer method.
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Figure 3. Glutathione reductase activity in the gill of rock fish, Sebastes schlegeli
exposed to the different. concentrations of copper at 18C, 23C, 28T .in seawater.
Vertical bar denotes a standard error. Values ~with' different” superscript are

significantly different (P<0.05) as determined by Tukey=Kramer method.
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Figure 4. Glutathione reductase activity in the kidney of rock fish, 'Sebastes
schlegeli exposed to the different concentrations of copper at 18C, 23T, 28C in
seawater. Vertical bar denotes  a standard error. Values with .different superscript

are significantly different (P<0.05)-as determined by Tukey~Kramer method.
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4-2. Glutathione S-transferase (GST)
29 zuBetel 7he] Yehd GST £29 24L Fig 59 Jefe T
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Figure 5. Glutathione S-Transferase activity in the liver of rock fish, Sebastes

schlegeli exposed tothe different concentrations of copper at 18C, 23T,

28°C in seawater. Vertical~bar “donotes- a standard error. Values with different

superscript are significantly different (P<0.05)-as—determined by Tukey-Kramer

method.
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Figure 6. Glutathione S-Transferase activityl in the gill of rock fish, Sebastes
schlegeli exposed to the. different-concentrations of copper-at 18C, 23T,
28°C in seawater. Vertical bar donotes a standard error. Values with different
superscript are significantly different (P <0.05) as determined by Tukey-Kramer

method.
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Figure 7. Glutathione S-Transferase activity in the kidney of rock fish,
Sebastes schlegeli exposed to the different concentrations of copper at 1
8T, 23T, 28T in seawater. Vertical har donotes-a standard error. Values with

different superscript are significantly different—(P~ <0.05) as determined by

Tukey-Kramer method.
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4-3. Glutathione peroxidase (GPx)
GPx @49 A2 7rolA 18T, 23T, 28T 9 100ppm, 200ppm EE F7kol A
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WS W B FrelA 94 a7 YEst e, 100ppmT-itel A ZHAA Tkt
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Figure 8. Glutathione peroxidase activity in the liver of rock fish, Sebastes
schlegeli exposed to the different concentrations of copper at 18C, 23T, 28C in
seawater. Vertical bar denotes a-standard error. Values with«different superscript

are significantly different (P<0.05)-as ‘determined by ‘Tukey=Kramer method.
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Figure 9. Glutathione peroxidase « activity in the gill of rock fish, 'Sebastes
schlegeli exposed to the different concentrations of copper at 18C, 23T, 28C in
seawater. Vertical bar denotes a-standard error. Values with«different superscript

are significantly different (P<0.05)-as ‘determined by ‘Tukey=Kramer method.

_33_



50

’E .
E’ kidney c H Control
o 1 100ppm
g 40 - I 200ppm
£ b b b
£ ]
£ a
© 30 A
£ > a
3 [ @ 2
g S
5 20
o
Q
Q.
()
C
O 10 +
E 5
S
=)
O

0 T T T

18C 23T 28C

Figure 10. Glutathione peroxidase activity in the kidney of rock fish, Sebastes
schlegeli exposed to the different concentrations of copper at 18C, 23T, 28C in
seawater. Vertical bar denotes a-standard error. Values with«different superscript

are significantly different (P<0.05)-as ‘determined by ‘Tukey=Kramer method.
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4-4. Glutathione reductase (GR)

T =F® 2959 GR 549 @4& #FEsd L, 1 A3 Fig. 11~13
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Figure 11. Glutathione reductase activity in the liver of rock fish, Sebastes

schlegeli exposed to.the different concentrations of copper at 18C, 23T,

28°C in seawater. Vertical. bar-deriotes a- standard.error. “Values with different

superscript are significantly different (P-.<0.05) ‘as determined by Tukey-Kramer

method.
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Figure 12. Glutathione reductase activity in the gill of rock fish, Sebastes
schlegeli exposed to'the different concentrations of copper at 18T, 23T,
28°C in seawater. Vertical. bar-deriotes a- standard.error. “Values with different

superscript are significantly different (P-.<0.05) ‘as determined by Tukey-Kramer

method.
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Figure 13. Glutathione reductase activity in the kidney of rock fish, Sebastes
schlegeli exposed to.the different concentrations of copper at 18C, 23T,
28°C in seawater. Vertical. bar-deriotes a- standard.error. “Values with different

superscript are significantly different (P-.<0.05) ‘as determined by Tukey-Kramer

method.
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4-5. Superoxide dismutase (SOD)
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Figure 14. Change of SOD in liver rock fish, Sebastes schlegeli exposed to the
different concentrations of copper at 18C, 23T, 28C in seawater. Vertical bar
denotes a standard error. Values with different superseript are significantly

different (P<0.05) as determined-by Tukey-Kramer method.
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Figure 15. Change of SOD in gill rock fish, Sebastes schiegeli exposed to the
different concentrations of copper at 18C, 23T, 28C in seawater. Vertical bar
denotes a standard error. Values with different superseript are significantly

different (P<0.05) as determined-by Tukey-Kramer method.
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Figure 16. Change of SOD in kidney rock fish, Sebastes schiegeli exposed to the
different concentrations of copper at 18C, 23T, 28C in seawater. Vertical bar
denotes a standard error. Values with different superseript are significantly

different (P<0.05) as determined-by Tukey-Kramer method.
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#H A gloew (Taylor et al., 1996; Clearwater et al., 2002), ol W &2 <l A L s
A agar Ayt wste A g4 54 =Fd #E dse] FE

(Handy, 2003). 23t A AAASR FAsEd izt 729 54 d4&5 249n
Zyadah®} Abdel-Baky (20000 44 FAAEAdA F8 =% Algte] Ai FLE7t

=952 AWEol IortE AL dAFsgen, w3 JHAF (Combarus

ki

bartonii), B3} (Oreochromis mossambicus), 55 (Sparus sarba), F* 7149
(Oncorhynchus mykiss) 18]l 9o (Cyprinus carpio)ol| W3t F8 =Zof u}& A}
g, A oo A sty wste] fiste] Ao Xt (Nussey et al. 1995, Marr
et al. 1996; Wong et al. 1999; McGeer et al. 2000, Sherba et al. 2000; Flik et al
2002).

TFelo] w=EFH 3o
A WsteE YebuA gkkar, 28°Cel A& 100ppm, 200ppm- &%= F3el A= 94l
Tz #FEE A

RBC+ 18T, 23CoA& frol4d Aok 577 #&A Ao 28T 2] 100ppm,
200ppme] FEoAE A e sF e YR gkt s EF 2o 49+ 18T,
A sk

Py B Hie 18T, 28T 28 FelAE 2

lo

b

23C, 28TY 100ppm, 200ppm EE % 7oA #Fo=x 2 wWsle o

_('?I_
o2 FdArt (Nemesok and Borss., 1982). =3 A 17 27|02 RE U A
Hed AedA 8o Yelgo® wgdsd AU 2EV|HRoZEY YA

ZAgFo] el A ®t} (Bhagwant and Bhikajee, 2000). ©] Ao A

rlr

Hto] 743

AAQ AT Bk smEEue] ol Fhsl Hed olAe vt A



He 2EH2E fF¥ste LFEAEd st 2 o] WEH

=
fr
°
Lo

=
T

ol

F g2 WM (hemtological parameters)el]l 3t AF= Ao 2 & 7AE
Al F&3 oz AGE ) (Chandrasekar and Jayabalan, 1993).

e FrIAREeRE 2 vtadisge] ded 83 W Z4E (calcium)®] %
= 18T, 23Tl A= 100ppm, 200ppmol A EF 212 715 el om, 28T A
+ 200ppm TRt A fFo] A F7HE dErlh PRl (magnesium) @] 9= 187,
23°C, 28ColA control¥ ¥ 3RS wf, 100ppmI} 200ppm F= FIrollA ¥
92 ¢l =77 JE o v 100ppm™ 200ppm 5% Alolol A= folAd o] vehA &

C_)_I:]

kot Zedt vlavlee 44 HollM AFds dAs

2

200ppm FETFE REAA FolH S/ vhebg
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C
Control¥} ®]13}e] 100ppm, 200ppm TFIFAAM EF o4 Z717F #2EF AT o]y

g das 29 BH offrt Xk e &) 2EYAE B2 Ao v

ZEH A Qe V|2 A o AES 9 A&olAN, AYAA &35t =AY W
Ao QM7 AEHHE AAAR] &40 & 5 vk (Frek 5, 2000).

g AeE BJrietr] 98 7 Ey AR HA e Ao

t} (Gamperl et al., 1994). ZE]E2 seawater hormone ©]2t &g 7]|% 3w o]

3} A ZHo Fo3 98tS 3t} (Chester Jones, 1980; Perry and Laurent, 1989).

ol Ao A= 18CAlAl control® H]1L3Fe] 100ppm, 200ppm 3ol A | B5F

oA el 717 vebwtl 23Tl AE control® B EERS w 100ppm, 200ppme] &

T T2 A FeAel dEEA et AT o® 28CA-3o 4= 100ppm,
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St 2EE, s Febne FEo weA guldse A ot

GSHE #8& /e vanay gasadz ooy 549 853 Wi 5o

o~

2% 75 S 35t old EARE A FEIEE AFgAEG S tsle] A
X5 H3sle Wolr|Ztel A 7 WA Toste ez I v (Hasspielar et

al, 1994; Otto and Moon, 1995). dtd o g o ddo] =& S u) GSHY} =7}

i

O

e ez dEA AR A3 AstrEd s wkg o= oA viabilityol el 7t
H

Aol A GSH &

o

A7 GSHO gHFol 24 & 4 Ak (F 5, 2001). ©]
&

S

15k A3 ghell A o] GSH| =2 18T, 23T, 28T X -7kl Al controle] H]

=]
RN

_I

314 100ppm, 200ppm == s =olA el Al S 7k7F bRk, 100ppmE = -1kl

N

A A3 g el sfzhele]l %3S 18T M 100ppm, 200ppme] 5 =Tk
A BT EARAL, FoI4E e h-23Cel A 100ppm, 200ppme} BE F3bel
fold F7h BAdom, 100ppm FETAIN Hu ge Vet 28T

A= 100ppm, 200ppm, 2= T-3bollA Fo4 S7hzk 28 Y. Aol 49 18Tl

x

A& control® B 3F3S wW 100ppm, 200ppm EE FZrolA o F Z=7)7F Ve
a1, 23Col A= Controldt Hl W3S wW-100ppm, 200ppm= = F1rol Al #2912 F7}
7F YER ou Fezhe] o] e @z E A eFghth 28 C el A+ control¥ ] aLES S
W 100ppm, 200ppm R Fo]4 F7H7E @ FE A, ofel e A= AAWRE 5ol
AR EH o] & w7 9% oy Ao AZbE oIt
E42F GST, GR, GPx7l 9lowH 4ksl ~E 29 T3}
o QA EAE dScte 42 44 9IS veEdda IEA A
(Rodriguez et al., 1993; Livingstone, 1998). GST+ 4F3}7 &40 2 XHEH fAS B
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3, o] #eS Jddste Aoz delA vt (Fournier et al., 1992). 2 A4 =
GSTS A% 70, o}7tv], AlAe RE %74 ¢ 18T, 23T, 28C 100ppm, 200ppm<] =
T % Tl A ControlZt vl 8RS W BF FoHom Frhste Aol #F

Helth grdow £eol Frsw 5F WEsk F7b s =, o= Qe el

T A AR m2dA FUHE AaAR|E Qe HAo]l FrstAUE
A7 Rud v 9w (Carvalho and Fernades, 2005) o} Felo BTxUt =
7betE EAo] Uttt AR Koy i th

control¥ H) 1189 <& 100ppm, -200ppm EE T7HAA §94 ZarF vEstoe ),
28Col A= Control® W WP & wl TE FHoA Fol8 77t yergon,

100ppmT7toll Al ZH A3 tk7F 200ppm 3kl A S 7ksk= A dFo] #ZF Sl Al ol A

1

= 18T oAlE 200ppm FiFAl AWk F-914 ZA7F ey o™ controld 100ppm &)

=
<]

H

TR = wEyE REER ekkth 23CoAE  control¥ W WIS ul
100ppm, 200ppm & %=3kell A 25 o4 grazk et 28 CellA= Control 2t
HweklS W 100ppm, 200ppm R &%= RgRel A oA AT e od
% ket

GRY 7% zhollAe &AL 18Co A= 100ppm, 200ppm FEE 5= 7FA

100ppm, 200ppm& = Abo]oll A= oA o] TaF A

82

do
lo

2 ZF77F BE AT 23CA A% Control® vl w3FS W 100ppm, 200ppm =&

T 7973 F7h= UEhs oy Control¥ 100ppm F % Alolol A= #

lo,
o,

o
2
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