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Abstract

This study was conducted to investigate the change of antioxidant enzyme activity
(Catalase and Superoxide dismutase) and variation of blood physiology in olive
flounder (Paralyticus olivaceus) by acute water temperature, oxytetracycline (OTC)
and hydrogen peroxide (HzO») treatment. Physical stress was determined on the
variation of blood component at 10, 15, 20, 25 and 30C for 1, 2, 4, 6 and 8 hr,
respectively, while chemical stress on the blood was determined for 0, 1 and 3 hr
after chemical treatment with 0, 100, 300 and 500 ppm for 1 hr.

In the physical stress experiment, hematocrit, the hemoglobin and red blood cell
concentrations tended to be increased as water temperature rises. The cortisol
concentration in the plasma was decreased at 15C compared to the control group
and recovered to the initial level after increment at 10 and 30C. The cortisol
concentration was highly maintained for longer period at 25°C. The superoxide
dismutase activity in the liver was increased at high water temperature conditions
(25C) while it decreased at low water temperature conditions (10 and 157).
Increased catalase activity in liver was observed in all the groups except at 10C.

In OTC treatment experiment, hematocrit decreased by time, however, the
difference was not significant (P>0.05). Reduced number of red blood cell was
observed as OTC concentration increased. Serum glucose level increased as the
OTC concentration increased. However, glucose level was similar to the control
groups after 3 hr. Blood total protein decreased immediately after the OTC
treatment, however, recovered to the level of the control group after 1 hr.

Activities of superoxide dismutase enzyme in 300 and 500 ppm groups was



increased by increased OTC concentration. Catalase enzyme activity was negatively
affected by the OTC concentration. However, the differences were not significant
(P>0.05). Higher expression of HSP-70 protein was recorded for groups treated
with 100 and 500 ppm compared to that of the control group. However HSP-70
mRNA showed a lower increase in 300 ppm treatment group although the
difference was not significant (P>0.05). The hematocrit value was decreased
significantly by concentration and elapsed time in the treatment of hydrogen
peroxide. Hemoglobin concentration in the test groups were lower than that of the
control group. Red blood cell value in the test groups were significantly lower
compared to that of the control group, but recovered to the level of the control
group after 5 hr. Protein concentration was significantly lower compared to that of
the control group at 0 and 3 hr, but recovered after 3 hr in 500 ppm treatment
group. The SOD and CAT enzyme activities were observed to be increased.
HSP-70 protein was significantly increased compared to that of control group in all
of the test groups. The mount of HSP-70 mRNA in 500 ppm treatment groups was

highly expressed.



o F Yo ALSFQ oAV FE WE 2EHAREE A 33 93 EEF
22 To=E Yg F e, o T 284 892 #A¥(Singley and Chavin,

1971), AFS " =(Wedemeyer and Mcleay, 1981), = (Fryer, 1975) S°] low, 3}st

A QelogE ofFe 7AE FAAZE AFEFHE X222 (Cho and Yang, 1996) 2
25 (Varanka et al, 2001)3 #Z& AZokA Fol So] 3t} o3k 743l A

BASE BeA cEds 9 A sedat A Y, B4, oAl AFEGRd

Kim, 2001), o]21g < W3}l
JgaA AFWBEES UAEe]l WAL FAlol Ax ARAE W Aoz gl
ATHAT S, 1996). 7 F AFEAL skl nEeol £AH o Fi AFe ok

2 4#A Yt (Horning and Pearson, 1973). 3t 1480 A=
A FAAATel wEr FAVE A YEYe BEH, AF2dAe A FAde] =
oA 3 FA7FE grolvta B aiw 3 9lth(Avtalion et al, 1976; Salati et al, 1988;

2o oAle] WY % slx AYSFHL WeE zese 78

e

A
Wst= ofFolAl qlo] 2E#AR A&sto] ofFe] HAAEE As)
AlA AHE A7 o R 283t (Wedemyer and Mcleay, 1981). &3 o &
4 98 vt FElictl A B Asts WedE dd 43 Ase wste olFo A%
S =gA i AWe BN T= 8lo® 4 A dvh(Park, 1978; Schreck, 1981).
A AFA FF LG E AFSAIAAA o] ot 9l Aol shur ofAl S



A, AEA 2 3EA 55 A &AA dBFTS AAATIAL AU o]
oFAl HA WU Aol Fo AEY oprbr] F FHA HAE = A
Ay aFE Ay Al oA 2EH AR 283
ZEH A F dibA o g ALGEE A HATs ) 2 v v
AErhy AdHe 2424, 0& A&y 45 dAeA
T A& s, A7 L oF 40000F 0 FAA F, FAEoRE oF 2099
o] AH&¥ 3 Jth(Jeong and Chun, 1992). o]&| gt FJAAELS A A B-lactanA FA
A, Tetracycline#] A, Aminoglycoside| &4 A, Macrolide| &2 A, Polypeptide
A FAA B2 FA FASTewE yrle Mt ofFAMARY F2 ol&H= A

Tetracyclined] &A#| =4  tetracycline, chlorotetracycline, oxytetracycline %

4 o

o,

doxycline 5°] At} % oxytetracycline (OTC)S acetate®} malonate”’} & &
sto # 471e] dAH S EIoR JHXa glom, wwA g oA ztgol ok 3

o] aHFAAF

’

o

S 3, rickettsia 2 AH-2] protozoas ol 7HA] WX &= EH
AR A v Fas AAE A UArk(Rigos et al,
2002). o7 FA A FAAA AL Al Ao oquta 855 HHow AFIF
of B ok&of ofaf o]Fojxltt, ANk A AbGol] e A= FAAY FEshy
AAW %4 (Uno et al, 1997; Abedini et al., 1998; Namdari et al., 1998, 1999; Haug
and Hals, 2000; Meinertz et al., 2001)°l &3t AF7F diF-ES A8t lom, i
A ALgo] wWE YA (DePaola et al, 1995; Petersen and Dalsgaard, 2003)el tjj gk
A7 AFolth w3k HAzbA LR Tetracyclinedl dAA| ] 5A%Eo0 2
FEd 2 AR 5A4E A e Ae® g du(e] 5, 1987).

3, siitol i TR FEAAGd A4F Aol WIEFhel wel AbSaTe W
Al s flste]l oY« B Ayl shuE xadd, weglo]Ead,
NaOCl % ClOss o2l 714 ofAlE dAF &3 AlA tdolss A A= o

Ao 2 HE FA 32 dtH(Raphael et al, 1981; Leteux and Meyer, 1972; Fox et

9 FAAAEAR FHE
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al., 1985; Speare et al, 1996). 3}A1%k, AA7A] 7 HAAHo 2 A EHAY =2
W g geprlelEad Aol de dEAwA @A AR

wom ISt as WFE ARESta e AAold. At Fas B R
Z MAlolm, 4bst # Zgo] Qo HlwH gty RS Bhubdith shx|RE, of
A74A] ol 2 dt Fakdl G=a Abgoll WE oA o gl
AU

drA oz ~EHAE HAEA A ol 494k (superoxide, hydrogen peroxide,
peroxyl radical, hydroxy radical 5)7} @At o2 delxd ot 44 A
el v& =23 AdFdete]= ste4 Wstee] AeiA Alxy 7]k wE &4 6o
MEY 75S £ 71 Ferraris et al, 2002). o] &3t @A kAo thale] Ao A=
ka3 A<l superoxide dismutase (SOD) % catalase (CAT)S S AA sl A E7)

- (e}
TEAS g Ao

bt

&4 A tH(Chance et al, 1979; Wendel and Feuerstein, 1981).
Ae 2k Hstd o] 44 FskE AR HiuFo o
(Parihar et al, 1996; 1997), 5% o9 =Fd 9eiM = Fitst a4 dAo] W3t
stk &A@ th(Livingstone et al, 1992; Chen et al, 2000; Zikic et al, 2001). ©] =
Ao AL AW 2EH: wkbga W dAT e AR 4
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A ATk
wglA B A S = g X (Paralichthys olivaceus)Z ©]&3te] & A 2 A=

e - 33 2Eg 2 wE do AN, ks &4 (CAT % SOD) ®
3 2 434 ouwld (HSP)5 9 Wals ZAeY tekdt 2Ed 2o gid oAy A
g - Agtsta vkl gk Ax A5E AT Aol s Eg 2o fa ol

g AR AFAAA B ATS APt
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B Ao AR o Fe AlFE FAlTFT RAFA A S FA Al A
AVS&E | A (Paralichthys olivaceus) 23 Aol 275~315 cm, % 2465~2855 g9l
As Ab&st e, oy Aol SA7F veuA &2 A4 AAE ARESEATH
Egh ofFE AP ASAI7I7] Aste] AF A 2F E<F oH] AbSshe] FF AR

s Ao ARgstdon, ol dF FE+ 295~315%, T2 180~205T=E FA

shelch. clulAL% Bk ALRE AREE YA pellet AR Agetel 19 13 By
Foggon, 48 7% F AL B/8Fe 28 oo 8 Aa7t B 6

o

e 2EAA 49 A4S Fe 24 A5 28 B A

| ot =% FA 2="S ALEES
th Adaxe 879 1 ton?l FRP AMFZE AR s 12 e of#g vhg,
Fezd Ao g o8 AG 10TH 7 e AFHER st 249+ 7
7} 10, 15, 20(d =), 25 % 30C = AR om, 0, 1, 2, 4, 6 B A & ALY
S BA S oju], AFel AR oFE 189 20wk AT
BgA 2EH 2 AP Afole fFA ASAZES AMgEden, ddrxe &
2ol 3 ton¢l FRP AMZFFZ 9t B84 ~Eg 28 fuelr] 9ste] ALEH ofEom

v HT Yubd o= wol AMEH= oxytetracycline (OTC) B #HAibst2a (H00)E Al
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L3t OTC ¥ Ho0r oFE AP st AEviy AolE 7FX AW Utz og oF 5

0~100 ppmo & 1A ¢FE8-S AHAAstEg E Ao A= 0 ppm(

218 %2 100 ppm, L5 %2 300 ppm % 500 ppmlZE Z+7 A AR o 14
0

T FEAHY F EHAA
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o dHd& 9 ¢ ~70C ol A w3 5 dF T oad Ao AHEEkSl
o g dHES AP FAIE ALEste) JHAE R AHE A4S FA] g A
¥ FHA EFate] FolA 208 B 5 A4 BEste S s
W, F5% @4 -70CAA 248y 3 5 FEE(cortiso) Fs FAsAH. A
SH(HY)> 9 AFHTF F 4000 rpme2 3083 AR & F Aol g
el Aol Wig ALy FEe HlER FEidd. dAdAFE=MHbE
cyanmethemoglobin® < ©| &3} 540 molA =R or, AP (red blood cell

count, RBO)= &l9t& A gd d3dS HayemA N (Ishisu) &2 3AAA  Thoma -

A et red cell pipetd AH3te] AT M WYY e Y A%

=715 olg3le] At FE]E AL cortisol RIA kit (DSL, USA)E A&}
o &9 - FqANSS FE3 t}S, Wizard 1470 counter (Hewlett Packard, USA)Z

AbE-3le]  radioimmunoassay (RIA)Z #4399 dF F @A FS Lowry et

al.(1951)9] o +3}4] bovine serum albuming EFE0 2 Alg3le] =A s}



gatsl aAE 7HES A Z38e] superoxide dismutase (SOD) % catalase (CAT)&E A
FAS BN HEe HE 3 oF 1 g 09% NaClel 33 A% 3 thg KCl
(1.17%)<& 33 100 mM phosphate buffer (pH 742 H7}ste] 743} st ¥4

ste AlgE a8 (1,000 rpm, 15 min, 4T)el o)&] AW 2 JAAES AAsA

TANe thAl PR (13,000 rpm, 20 min, 4C)3 & F5HS A5 T4 =48
ANEZ AFEE T SODE pyrogallole] #Hs 4bslgo] AAFHE $S SAHs =

Marklund and Marklund (1974)2] ®Ho g2 =43¢ 2™, 50 mM phosphate buffer
(pH 824) 87 mioll 1+ wA AL Y& F 03 mle 3 mM pyrogallol &S 371381

spectrophotometer2 ©]-& 325 mollA A3t 281 42849 199+ 9o

1=

Z 9] pyrogallol®] AF3tE 50% AstE T49 dom APt CAT ALY

i
o

S Hy0.Z2 7142 AFg3}o]) spectrophotometerel] €&l 240 nm 3ol A H.0.7}

rlo

ol

Hol #AardteE TAEEAN 4 FAEE =AEE Nelson and Kiesow (1972) 9]

of elstel ZAstRom, Bk BYEY B 180 1 ngel WPl Mol 3

ok
L

!

AN 7 HoO2Z nmolZE YERATE whulz sk Towry et al. (1951)¢] wwol wha}
¥%& gMaz A BSA (bovine serum albumin)E AF&3}le] SpectrophotometerZ ©]-&

540 Mol A &4 3FA

5. SDS-PAGE

dxeol AzAde AFHs B SF89 100 mM phosphate bufferol A
Potter-Elvehjem &R Aol A2 E3te] 12000 GolA QAR 3Gt 42de =
o] 2 x Laemmli sample buffer (80 mM Tris—-HCl (pH 6.8), 2% SDS, 12% B



—mercaptoethanol, 15% glycerol % 0.012% bromophenol blue)oll &3] A7 100 ol A]
3% %t boilingdt ¥ Laemmli (1970)9] Wl we} SDS-PAGES A A|8F th 3~20%
gradient—-polyacrylamide gelS AF&3le] 250 VE 4A|7F E<F P33t & Aol ((0.136%
coomassie brilliant blue R-250, 45% methanol ¥ 10% acetic acid)oll A 40F7F A3k
% 75% methanol, 7.5% acetic acidollA €&l dct 2z =484 TEdwgde
myosin (200 kD), B-galactosidase (116 kD), phospholylase b (97 kD), bovine serum
albumin (66 kD), ovalbumin (45 kD) % carbonic anhydrase (31 kD)& A}-&391t}h.

6. Western blot

Western blote Towbin et al. (1979)¢] W& W st AAlstdtt. SDS-PAGE®
os) Hed @wldS 15 VoAl 421k 59t nitrocellulose (NC) "oz AAAIZ] %
ponceau S &4 (0.2% ponceaus, 3% trichloroacetic acid 2 3% sulfosalicyclic acid)
ow AAMES Qi 1§ A v Eeld AFES w7l 918 3% bovin serum
albumin® 0.05% Tween 20°] 3HF% 0.1 M Tris buffered saline (TTBS, pH 7.4)<
o] &35te] 407 A2oA oFEA EEWA blocking AlF T Blockinge] #4 %
HSP-70 (Sigma, H5147)°] ®lgt &A& NCH| 718t 1A &9k A A] uj%f
3 & TBS-T (0.05% Tween20 in TBS)Z 584 33 A1¥33ic}h.  Alkaline
phosphatase—conjugated goat anti- mouse I[gGE 1A17F E¢F A LA wjdsta

TBS-T &do=z 50 AlHg F DAB(0.1%)¢ 0.03% H.0.7F 3%l PBS (pH 7.2)%



7. RT-PCR (Reverse Transcriptase-Polymerase Chain Reaction)

4% ZZAo| Tri-Reagent (Sigma)g 37} 3 & homogenizerE AF-g&3te] 4Tl A
R A TE wRa Ao chloroforms 9 e HollA 58 WA T 4Tl A
14,000 rpme. &2 5&3t
Hol RNAE #HAAIZ
A Aol ARgsA T

f
rﬁ

qEe ¥ gEae A

=
. RNA Hd =2 DEPC &5 ¥o] Hola -70Ce| Hustd

’;EJ

%3 RNA 1 pgs AF838Fo] 1425 w §F o2 IAAS A

4»

gt o RNA 1 g, RNase inhibitor, oligo—(dT) 15 primer, 25 mM dNTP, 50
mM KCI, 10 mM Tris-HCl, 5 mM MgCl, ¥ reverse transcriptaseE 2o 25Cl A
5%, 42TA 60+, 70T A 15E7HS 2H2F ¥b3-A1A ¢cDNAE FAd3tsith

cDNAE STEA717] 913k cDNA 1.0 wl, 10x PCR buffer 99 ul, MgCl, 7.8 ul,
dNTPs 2.0 w0 (0.2 mM), primer (sense) 1.0 0 (50 pmole), antisense 1.0 0 (50
pmole), Taq polymerase 1.0 u¢ 2 Nuclease-Free Water 76.3 (S E33o] 94T ol A
157 denaturation, 55Coll 4] 1%7F annealing, 72Col A 287t extension A2 =2 30
s&Hetal, o F T2TelM 5E3 ¥ wbsAIZT. HSP-70 mRNAC] thg
oligonucleotide primer= (F=)u}e] Y olo]l A Table. 13} 2] FAFEaATh 44 ol

o

Z 2 A8 oligonucleotide primers B-actin mRNAE A}-§-3F% ).

Table. 1. Oligonucleotide of primers for heat shock protein—-70 mRNA and

B-actin
RNA Expected .
: . Primer sequence
species size
5-GCCAACAGGGAGAAGATGAC-3
B-actin mRNA 520 bp
5-ACGTCGCACTTCATGATGC-3
5-GVACATTCTCAGACTTGTCWCC-3
HSP-70 mRNA 627 bp

5-CATCAATGAACCAACTGCTGC-3

bp : base pairs
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2Zo] W gxo Hyt olrtv] E 34 dET 31.7£1.3 3)/mindl ®l&) 30 2 25
T oM F93% 12 Ydela, A2 15T = 1A 39.3+2.8 3/ming Al
3] srolHth(Fig. 1, P<0.05). T3 10TColH &= x99
Hlwabo] 1A 7HA 417431 3]/mine & A H o7 Z7tsls AEFS Bgor ol%F o

279k mad £A8 §AaAh

o1ek 2, 4, 6, 8Aztell= F

S

2) YA W3t

HtZxE g 2T 28.02+2.24%0] H]&}e] 30CoIAE Amtdow =o =32 eyl
o, 6AZAO] 40.1243.13% 2 Hol ghe U AT Table. 2, P<0.05). 25ColM &

AYNA F ANDAA AdrH o7 = S UERoU 643 FollE 24.01£1.60%
Z o9 g Uit ey Ag2ed 15T % 10T izl HE frolst
A w2 s YER AT

RBCE A@MA F 242744 = 2T 3.440.3x10° cell/ueoll ¥]dte] 30, 25 2 10T
X FoetA Ee S YeAtH(Table. 2, P<0.05). 12t AFMA F 41 7HA
BE FoA dAadoz wolAE A4S Btk v, A429l 15T A FelAE



IAZE 3.06+0.47, 2A1ZF 3134042, 4417 1712041, 6A1%F 237+054 2 8AI7HA)
2.71+0.38x10° cell/mE A FztolA tx7 Bt & FXE Yt Hbs kol
A= Ht 2 RBC9F fARSE 43S YERW A tH(Table. 2, P<0.05).

T2 Wzt o LAstE Y FZEEF e 15CAAAE 20T (HE)
4924246 ng/ml Rtk AwrEow zaskE A4S Jeugen 10 2 30T FAF
e 2EH2qAE A7 F 12084070 2 13.04+4.30 ng/ml F7FstA T 3 E Y=
3¢S et (Fig. 2, P<0.05). L8y 25T AFS2AAE AFMA 5 6437t
A A&HH o7 Aggste] A B E = AFE e, ZEEY FRE M
AARE A FASE A#4E e AT

3) FArstas W3

ZHo A 2] SOD+= 25T, 1AM 71 w2 87.3+15.27 unit/mg protein/minsS Y ERY
N, AR FEAZA FostA =4 YESTH(Fig. 3, P<0.05). dFAI R 30T A= 1
A A 52.3+7.07 unit/mg protein/min® AT o] 5 4A7bAl 74.77+3.02 unit/mg
protein/min® S7Fste A¥FS Bk ey o oo AT olA = tixTel &
st 43S vetdileon, 10T A3 oA 71 e A5 dehlidth
g, 7Pl CATS &4 10T HEFE ALt A olA FostA =&
FAE vl e, 10ColAM = di-d o=z = -9 FAeE A5 HeEbd A (Fig.
4, P<0.05).

N
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4) $& W3 2Ed2d B2 HSP-70¢] ¥4 W3t A}

ZRE gdwads Este] SDS-#A7|9%F & Western blotg AAIEA=d HE+E
o e AF aFoA A7 HSP

Bov 1% 10CoA HSP-70 wa e 714 =4 &
= A tH(Fig 6, P<0.05).
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Table. 2. Variations of hematological factors of olive flounder (Paralichthys
olivaceus) to exposure of acute water temperature
Experimental group
Time (h)
10%C 15C 25T 307C
0 (control) 28.02 + 2.24 28.02 + 2.24 28.02 + 2.24 28.02 + 2.24
1 29.46 + 0.18 21.78 + 2.69* 31.40 £1.50 % 34.88 + 1.47%
2 24.23 £ 1.01* 25.89 + 4.97 30.02 + 1.05 36.79 + 0.12*
Ht (%)
4 24.44 + 1.40 23.69 + 2.52 28.61 + 2.25 32.55 + 1.30%
6 25.83 + 0.80 21.91 +1.40% 24.01 +1.60* 4012 £ 313 %
8 20.28 + 0.55* 16.74 + 2.02* 31.80 £ 2.25% 30.47 + 1.09
0 (control) 3.40 + 0.31 3.40 + 0.31 3.40 + 0.31 3.40 + 0.31
1 3.85 + 0.87 3.06 + 0.47 4.10 £ 0.59 564 + 0.89 %
fBC 2 447 +1.02 3.13 + 0.42 477 + 017 % 5.19 £ 0.56 *
6
(< 10% cell/ ut) 2.63 £0.28% 1.71 £ 0.41* 4.20 £ 0.20 % 4.25 £ 0.37
6 3.75 + 0.67 2.37 + 0.54% 485+ 0.23* 5.19 + 0.39 *
8 5.00 + 0.23% 2.71 + 0.38 454 +0.19 % 5.02 + 0.29 *
0 (control) 4.67 % 0.39 4.67 + 0.39 4.67 £ 0.39 4.67 + 0.39
1 5.94 + 0.09 4.45 +0.28 5.01 % 0.55 4.96 + 0.74
2 4.33 + 0.55 4.66 + 0.18 5.29 + 0.28* 5.74 + 0.37*
Hb (g/ d%)
4 4.23 £ 0.22 4.25 + 0.21 4.29 + 0.55 5.02 % 0.61
6 5.23 + 0.26% 5.56 + 0.60 5.05 + 0.40 6.80 + 0.26*
8 4.29 + 0.34 4.61 £ 0.10 4.77 + 0.46 554 + 0.11%

* Asterisks indicate significant difference from the control (P<0.05)

The control temperature was set at 20C. Ht: hematocrit, RBC: red blood cell, Hb:

hemoglolobin

_13_



100 <

Gill respiration number (No./min.)

T T T T |
0 1 2 4 6 8
Exposure time (h)

Fig. 1. Variations of gill respiration number (No./min.) of olive flounder
(Paralichthys olivaceus) during exposure to temperature range from 10 to 30T at

various times. Values represent mean = SD (n=4). * P<0.05 as compared to control

(207C).
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Cortisol (ng/ml)

| I | | 1
0 1 2 4 6 8
Exposure time (h)
Fig. 2. Variations of cortisol concentration of olive flounder (Paralichthys olivaceus)
during exposure to temperature range from 10 to 30C at various times. Values

represent mean = SD (n=4). * P<0.05 as compared to control (207C).
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SOD (unit/mg protein/min)
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Exposure time (h)
Fig. 3. Variations of superoxide dismutase (SOD) activity in kidney of olive
flounder (Paralichthys olivaceus) during exposure to temperature range from 10 to

30C at various times. Values represent mean = SD (n=4). * P<0.05 as compared to

control (207TC).
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(x 109)

CAT (nmol/mg protein/min)

0 1 2 4 6 8
Exposure time (h)
Fig. 4. Variations of catalase (CAT) activity in liver of olive flounder (Paralichthys
olivaceus) during exposure to temperature range from 10 to 30C at various times.

Values represent mean £ SD (n=4). * P<0.05 as compared to control (20C).
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Fig. 5. Immunodetection of heat-shock protein 70 (HSP-70) in liver of olive
flounder (Paralichthys olivaceus) exposed to temperature range from 10 to 30T.
3-20% SDS polyacrylamide gels (A) and Westerns blots (B): 1 line, Marker; 2 line,
20C (control); 3 line, 10C; 4 line, 15C; 5 line, 25C; 6 line, 30C.
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Fig. 6. The amount of HSP-70 expression shown on the western blot was
quantitated by densitometry and normalized to the total protein loaded into each
lane of the gel. Vertical bars indicate standard deviations, * significant difference

between control and exposure group (P<0.05).
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2. Oxytetracyclinex g o W& 2E#2

D g4 w3

gAA Aol w2 g do Ae|stA wWas A Ay HteAe 8 F 0
A1ZbA 100 ppm3 500 ppm A @ ol A Z47ZF 17.97+1.54 2 19.89+1.00% = thE T
22.27+1.16% 8t FHAav s 43S Bidou Fo3 ol veuA @t (Fig 7A,
P>0.05). RBCS! 4-%°l% 100 ppm 2 300ppm # 2|l = g o] F 03 1A3HA
Aadhes AFS Bioy fo3 Aol veEhA @kth 1y 3AF Ay Fell=
2y 7} 2.47+0.23x10° cell/ul 2 2.06£0.29x10° cell/pl & thZT 3.38+0.44x10° cell/ul B T}
FolatA asE 4TS YEhHATHFig 7B, P<0.05). A% 500 ppm A7l 7
o= OA7HA 1.81+0.16x10° cell/ul® o) atAl ZAH AT 147 23X A3
o= I EHE AFES BT oA SFI2x FFE FAA HY olF tix
T 34.3342.40 mg/dest wlaske] 100 ppmel A$- A AP FelA Fod Ao]E Ho
A 2 ATHFig 8A, P<0.05). 18 500 ppm A<l A9 k& A o]F Az &
1A Zv A Zh2E 47.0041.80 mg/de 2 52.00£5.30 mg/de® A|Zbel A #}dre] wht felskAl
S E Ao, 3A7E A Foll o]l HxT o IuEHE AgS e
FHo| Ao & WAL T 7.65£0.80 mg/meol HIE Azl o] F 0AZbA A AFHT
ANA Tk oEHo® Fraste A4S YW oH, 1AF Fol= 300 ppm Z 500
ppm A& Tl ZHzF 6.15+0.10 mg/ml 2 6.99+0.45 mg/mlE OA| 7HA KTk Z7tE w9
Ak A e vzeh vaste] foaA e g Jeh Ak (Fig 8B, P<0.05). A
25 A A = A AP AolA I EEHE AES B o 300 ppm AP el A= o

279} wlaste] frolsl e £AE FASA

off

ol
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FAA A F el SOD 42 100 ppm A2 +A A A A gE A fof g
AFol & Holx ggkort 300 ppm A AfelE FAAA A olF

31.66+8.00 unit/mg protein/minCE T4 A ZUlHE AEFES HIIL IATAH
54.75+13.20 unit/mg protein/min®=Z U #S YEMN LW, =F A Fol= Ui
taste A4S Uetddov tixAtol vlaste] folatA w2 #S JEhlATHFig

N

9A, P<0.05). T3k 500 ppm A TFoAAE 0AIZF 2 3A A 2427 46.20£2.60 2
25.23+2.82 unit/mg protein/min® 2 Fol&A HL a4 XS YetdTh o9k wh

e CATEZE A dFoles thzof vlulste] #Fo3 Aol= yehx aghkon

ARl AAM #Aas e Ade Bdow, oSAe ofF 3AA 500 ppm A2l
oA FHa v ZaAgdS BAHFig 9B, P>0.05).

3) FAA Aol @& HSP-709 43 W3 xA}

A kg Agle] W HSP-709 WA P BR8] 9istel FAA 8 A7

th(Fig 10). 100 ppm3} 500 ppm # 2 Fol A txtek vlaste] HSP-70 @ %9
frolatA w4 FEHE e® SAEa, 300 ppm A el el Aol T F
o3k #polE Holx ekkth(Fig 11, P<0.05). 18t HSP-70 mRNA @S okg
glo]3 3A7HAl U2 vt RE Aol i Zrbesle A Bgoy
ol gk Aol yEbA] e tk(Fig 13).

_21_



30 - Ocontrol  E] 300ppm

. O 100ppm B 500ppm
§ 25 1 T
T 20 1 - T
9
g 15 1
(6]
= 10 1
1
O L] L]
(B) 5
S 4 -
= T T
© 4
o 3
fo)
x 27
8 17
[am
0 -~k
C 0 1
<€ >|

Elapsed time after treatment (hr)

Fig. 7. Changes of Ht (hematocrit) value and RBC (red blood cell) count in Olive
Flounder (Paralichthys olivaceus) exposed to various oxytetracycline concentrations.
Vertical bars indicate standard deviations; * significant difference between control

and exposure group (P<0.05).
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Fig. 8. Changes of glucose concentrations and total protein in Olive Flounder
(Paralichthys olivaceus) exposed to various oxytetracycline concentrations. Vertical
bars indicate standard deviations; * significant difference between control and

exposure group (P<0.05).
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Fig. 9. Changes of superoxide dismutase (SOD) and catalase (CAT) activity in
Olive Flounder (Paralichthys olivaceus) exposed to various oxytetracycline
concentrations. Vertical bars indicate standard deviations; * significant difference

between control and exposure group (P<0.05).
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Fig. 10. Immunodetection of heat-shock protein 70 (HSP-70) in liver of olive
flounder (Paralichthys olivaceus) exposed to various oxytetracycline concentrations.
3-20% SDS polyacrylamide gels (A) and Westerns blots (B): 1 line, Marker; 2 line,

0 ppm (control); 3 line, 100 ppm; 4 line, 300 ppm; 5 line, 500 ppm.
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Fig. 11. The amount of HSP-70 expression shown on the western blot was
quantitated by densitometry and normalized to the total protein loaded into each
lane of the gel. Vertical bars indicate standard deviations; * significant difference

between control and exposure group (P<0.05).
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(627 bp)

-al F-actin mBNA
(520 bp)

Fig. 12. Expression of HSP-70 mRNA in liver of olive flounder (Paralichthys
olivaceus) exposed to various oxytetracycline concentrations. 1 line, 0 ppm (control);

2 line, 100 ppm; 3 line, 300 ppm; 4 line, 500 ppm.
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Fig. 13. The amount of HSP-70 mRNA expression was quantitated by densitometry
and normalized to the P-actin loaded into each lane of the gel. Vertical bars
indicate standard deviations; * significant difference between control and exposure

group (P<0.05).
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D g4 w3

kst a Ao e gxolA do Aty wsts zARgE A3 Ht e A= oF S
T OAI A 100 ppmS A3 300 ppm 2 500 ppm A 2 -9
226702 %= thxT- 33.80£0.70% 8tk oA HadHe dFS dEhAL 1ARE
B o]Fde RE IFAA e gS e ATHFig 14A, P<0.05). H3F 5A17HA
ol 500 ppm A2l ZFolA 1867+050% = Hi e kS eItk Hbel 7 $-ol
= 100 ppm % 300 ppm AHAZ Tl He o]F 13 3AZHA A2 517:048 <
508+0.36 g/dlZ2 F9&tA #aste AFS BIgoy o
2ol 7} YRR 2 Shth(Fig 14B, P<0.05). RBC

AvtR oz tadle AFE HIoy, 5AZ A Fole =Y 300 ppm E 500
ppm A TolA tE2 By Frkske A dS JER A tH(Fig 15A, P<0.05). A oA
°] F A o= g 7.15:0.11 mg/mlel Hl&) A7 o] F 0AZHA 500 ppm
2] o Al 5.88+0.37 mg/mlZ FoJ8HAl FAaste AFAE JERQoH, o]F 5A A7}
A A&EHow Frtete Ade dHEhddod tixzgek vlaste] fog Apoli= vhE)
Uz erath(Fig 158, P<0.05). A% 100 ppm A2 < A$-oli= o9k wr= 04
A DAA o R FTtekE AW BAou fod Aol vrEbubA]l ekoktth shAEh 1
AZE A o] A &A o7 ettt 5AA ol = 5.96+0.20 mg/mlE ol atAl B
s YEr AT

X
S
=
[\l
a1
o]
98]
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—
w
o

=

> o
o
v}
i
I
1
-
>
rr
o
lo
o

_29_



ksl A4 1AE oS A o] F ofF (el A9 SOD &4 100 ppm A 2 -<l
A5 A Arel A ek ApolE HolA gkgkont 300 ppm % 500 ppm ATl A
o= tiET 824%£3.60 unit/mg protein/minel H]&] A A A o]F OAIZHA Zt7}
20.62+3.50 ¥ 1551+1.00 unit/mg protein/minZ &4 A4 FY3tA S/t AES

B 3ATHA 272 7244500 2 12.06£1.50 unit/mg protein/minC. %2 Yolx]+= H IS
Bodou tix+¢ Hlastel 9% Aol yEhuA g tth(Fig 15, P<0.05). dkA
SAIZE Felli= 300 ppm A 2] ol A thzx-9 Hlaste] @A SHA Sr7tH = 23E UE
WATHFig 16A, P<0.05). CATEZ @49 Ao dxT 1.62£0.24x10° nmol/mg
protein/min®} Hl 3} 100 ¥ 500 ppm A FAA A A F3H AAH F3HA F
7bElE AES wglow, k&g o]F 3AZkA 500 ppm A2 oA 5.08+0.63x10°
nmol/mg protein/min® 1L =2 &4 48 HIHFig 16B, P>0.05). dFA]9F 300
ppm A7 Bgol= A A & F7kete BEFS BERo, olF IAA F£3]
Hads AHRE YEAL o5 SARMAZMA Ao w FUME = 23E UEhS]
o}

3) #HAks}t ¢4 Aol wE HSP-709 44 W3

FAA & Aol wE HSP-709 Id S FEsty] skl FAA kS A E
o] F 3AIZtA el HA| o rFE wwAdS FElste] SDS-77]95 ¥ Western blot
AT L A dix=Tek AP gelA ZhzE HSP-700] == 2ol 21¥ A
tH(Fig 17). Hx7¢ vlaste] e AAFolA FoaA =4 e, 135
100 ppm A g oA HSP-70 w¥lz @ o] 7Hd =7 s e Aoz Syt

o



Aelol & Ttk Halsto]

I

(Fig 18, P<0.05). z2j1}, HSP-70 mRNA &&d& ¢f
= Aol A Fod Abel= vEbA] & kvk(Fig 20).
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Fig. 14. Changes of Ht (hematocrit) value and Hb (hemoglobin) count in Olive
Flounder (Paralichthys olivaceus) exposed to various hydrogen peroxide
concentrations. Vertical bars indicate standard deviations; * significant difference

between control and exposure group (P<0.05).
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Fig. 15. Changes of RBC (red blood cell) count and total protein in Olive Flounder
(Paralichthys olivaceus) exposed to various hydrogen peroxide concentrations.
Vertical bars indicate standard deviations; * significant difference between control

and exposure group (P<0.05).
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Fig. 16. Changes of superoxide dismutase (SOD) and catalase (CAT) activity in
Olive Flounder (Paralichthys olivaceus) exposed to various hydrogen peroxide
concentrations. Vertical bars indicate standard deviations; * significant difference

between control and exposure group (P<0.05).
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Fig. 17. Immunodetection of heat-shock protein 70 (HSP-70) in liver of Olive
Flounder (Paralichthys olivaceus) exposed to various hydrogen peroxide
concentrations. 3-20% SDS polyacrylamide gels (A) and Westerns blots (B): 1 line,

Marker; 2 line, 0 ppm (control); 3 line, 100 ppm; 4 line, 300 ppm; 5 line, 500 ppm.
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Fig. 18. The amount of HSP-70 expression shown on the western blot was
quantitated by densitometry and normalized to the total protein loaded into each
lane of the gel. Vertical bars indicate standard deviations, * significant difference

between control and exposure group (P<0.05).
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Fig. 19. The amount of HSP-70 mRNA expression shown on the RT-PCR was
quantitated by densitometry and normalized to the B-actin loaded into each lane of
the gel. Vertical bars indicate standard deviations; * significant difference between

control and exposure group (P<0.05).
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Fig. 20. The amount of HSP-70 mRNA expression was quantitated by densitometry
and normalized to the P-actin loaded into each lane of the gel. Vertical bars
indicate standard deviations; * significant difference between control and exposure

group (P<0.05).
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NGO ofF FHelA ALF oA} F2 Wi 2EdA2RE A/ B8 8

(¢

3 Eel4 2]l sew Uwm F e, ols T 2Y4 foEeE 2 W AR T
o] om, kA glorwE= olFo VAF TAAR AHEH= ¥=29Y(Cho and
Yang, 1996) ¥ A% (Varanka et al, 2001)3} 2L AZokA] Fo So] gt} oz dh
st A sk EEd 2EHE B 5 REd s oA A Akl
285 bt g AT g wA 4 9lil,  catecholamineol Y FE|ES Y}
Frestomm HEE quAdY wE AuE fFste] FA
AabAde] & s vy wEld 2 AFA = WX (Paralichthys olivaceus)E ©|
Sstol 22 - 3o AEY2 wE dof AJA, Fas 24 (CAT ¥ SOD) W3}
2 dF4 @4 (HSP)5 9 Wsts AMskaith
dutg oz Aol glojA Ht, RBC 2 Hb 5 A AAaewtsa S el
H(Chang et al, 1999). ditolfol o] &35 A=< Ht, RBC ¥ Hbe S7HA7]
Tt A= ook wttho] AF¥E vEhl= Aew Huxau vk(Davis et al,
1990; Ishioka, 1980; Chang et al, 1999, 2001). 3t AA= 2EH =9 Loz FY
AHd st A (acidosis)ol o8 Ao AbARNbsE o] "Wojx= oz dEA Ut
(Perry and Reid; 1993). o]Ae] A A3}l A

SE7h e At SRR Fedd A

Iy
M
kS
e
2
4
2
x

= Ht, RBC ¥ Hb

B APEe LEI ¥IASE ARS] FEALEFHET} Gobd old] wWE a ¥
g =



and Jee, 1999; Cho et al, 2002). @A A =4 F7]IAA 25 #1Q malathion, formalin,
A, =55, teg 2 daA SstEe =E9 ol FolA Ht 2 RBCSo &zt
7V AAhEE RAoR A JtH(Edosa et al, 1994; Khattak and Hafeez, 1996;
Kang and Jee, 1999; Zikic et al, 2001; Cho et al, 2002; Costa et al, 2004). ©]&]3F Ht
2 RBCe #ihv dwtdoz Wgds doyjs Aoz d#xa +=tl|(Edosa et al,
1994; Khattak et al, 1996), & AN %= OTC % H0, =& <9t Nl Htef
RBC 7} 4719 A&7 o] #ase AAE sl ozt A de A9
dae Al 75, 82 2 AT AEY QSR FA Sl Vst dade A
o2 d4HAI JdHCosta et al, 2004). webA, 2 ATt Ao A vERG A= &
A ofs) A 5 % AqAEEY IS A= Aow FFE

2EY 2z o3 AW s28 FHls gifd Aldsk-d ek A - Ao A A e 24
71 Ao o]&Edte] o] Fo) X =1|(Choi and Kim, 1990), o] 7]A ¢ ©x s 2 FHE =
FEFe oAV e 2EH2 g A= de] o] 5 (Donaldson, 1981), &%
e 2EH 2 3o s AHE A EFo] A A thatel A-§sto] Tl o] w9y
2HY WEH ooz HEY XY A (gluconeogenesis)o] FXEH o] 1 -5
L7t F7teke Ao® dElx 2E#H A9 gAY A xR A Joh(Vijayan and
Moon, 1994). ®3h €3 dwidgke 4%, A9 9 2Ef 2 §o 2o|rt s A=
adH A Qo (Harbell, 1979; MacFaddin and Brown, 1979; Fasaic and Palackova,
1990), H < 34 ed AEZ AHEFH T Ath(Ito and Murata, 1990). 2 AFoAe] &
T g e FEE FRE 20T 2o 15CA e sx28 YeEhden, 10T
ME EokAE ARE ZHstdrh 28lal 25T 9 30CA = 10Ce 22 d4S =

k. OTC =% o8 FFIex ¥= 2 84 gud e

il

o= 300 % 500 ppm APl A WAA FAEE G wedm, AF wHA B
A AFE R Ml g 1N A FF A gase AnRg 29
2

of =3, H,0; 500ppm A el M= OTCe Zol @4 wmad swrt ghass
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T &} . =

A WZe] BESES 4t FF 7Idste Ae2 Bausa i (Chang et al, 2001).
Eor =42

H(Gluth and Hanke, 1984; Yamawaki et al, 1986; Shen et al. 1997; Zikic et al,
2001). webA o3 AFEL FA AEYR wE Zalo] HAPoR <late] o

o] sHd st o] BAW AFaFwel EAZE BT wjiedl, SV tAtel A g &
9 UAE AL & UAS Aoz AL weld Lo FEZo] FFEIA A

BEgH A 2

oZ:

A7l whel, drow ANE FFIat @A AR FAA
A oluA ol AT Aveta AzE o))
oa WS BAMLE oW faRdol o Fo ERHAL

ot
)

2EH 2

’

] superoxide radical, hydroxyl radical % hydrogen peroxide®} %2 oxygen free

radicals®] ZobstAl A HS @ FHAtsinbg, d@ld w3 G o) R HIF
35 ZZFH &A% 48 4 AdH(Goldberg and Stern, 1977, Simon et al, 1981;

Moody and Hassan, 1982; Junqueira et al, 1986). L&}, A& 22L& YA A

O

7 Al (endogenous scavengers)S i3l o] oxygen free radicals &40 25

2SS H3zsleE ZFES sted, WelA AAAA SODE= superoxide radical (02 )&

BN

H:0; F O2 (202 + 2H+ — HoO» + O)& A&A71H, o] dikd H.0.& CATZF O
¢t H:O (2H:0p — 2HoO + O)= #3lste] &d4tas FAdstr] doll AA o)
FAEZ AEA 71 (Forman and Fridovich, 1973; Wendel and Feuerstein, 1981).

dnt o g olygt st Eahe oF F, 24 B Add wet kst 54 &4 o
Heleles Aow dH A ATt(Aksnes and Njaa, 1981; Wdzieczak et al. 1981;
Gabryelak et al. 1983). =38 Parihar et al (1996; 1997)&= =% F7Fo 93t ~E#H X~
2 A3 F 4374 SOD 2484 Fol S7hdts A4 Bavk vk A3 A
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=71 AT Aok fARE RS dEhile, 2 A5 247 s 443 9
7

FAA Gash 229 SOD R CAT7F Z78tht ol F 28 FRAAA sobA
7 8

stE xsh Aol 7|Qlste] ditst a4 &
dol gk Aow oA, EgH =gl =EFH T80, @etyol % ibEel =
=% offold SOD ¥ CAT &4 @4o] S7tHe ez wiase] Jth(Dedrajas et
al, 1996; Zikic et al, 2001; Basha and Rani, 2003). ¥ A& %= OTC H.0, Az
Al SOD EAagAo] dAHA F7HH e Z34E velidth 28y OTC A& 4+
CATEZA EA L2 o8 A oF 24744 e A FolA L3y Hdaste 2345
e ATE Ferraris et al. (2002)& FA17F Fo] HAEE o] &3 TAIZE in vitro A
PolA =84 2Edg 2z Qs AL 4ARMHAE CAT 4849 At ol %
S7FE AT Baskar k. E3k Zikic et al. (2001)2 FF=EEO 1569 2 30 &<
=2AZ T8 ololA CAT 24840l S7heAttar wusta o wheka ofefdk 2
#EZ B W OTC A @AFe] =& A= SOD7F S7hetal Wi CATE #H4E
© Ao FAEY gy AR Y Feole CATZE S71d 2oz 7gdh
ek OTC % HoOr A& & L9E54d 53 o] 4std girtsE 728 & Aot

=

HSP-70& 2 4e4 Qe 9572 dwadzx AA AlFd A= chaperoned 7]1%5 <
st @ e &9, glawe] A, duwde] g9 2 d9E wetH(Landry and
Gierasch, 1994, Wynn et al. 1994). T3t dF54 59 ZEdxo fFEyo] 2E#x
25y fdd & Qe dild E4S woldte 7lss @tk olE g HSP-702 FH
= EAEAY] &% e ~AEYAY AEE AMEHR Jdow, HA B

-Naphthoflavone  (BNF), Dimethylbenzl[alanthracene (DMBA), ¥zZ%d 4
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Phenoxyethanol's-9] se+E 4ol 7|7t &€ A Ldo] F7tHE oz delA
Sl tH(Weber and Janz, 2001; Weber et al. 2002; Zarate and Bradley, 2003). & 213 o]
A& OTC <8 Agel o& HSP-70 #do] F7t= Ut ols A%z & wf OTC
A ofFol dolA AW FstH 2EHAE A& Aoz A7E Y, 1y
L 2 Aol A o] HSP-709] 57kl = &3k al HSP-70 mRNA 2 Fe] F7He |
B2 dits G|k mFol wE Aapkar o AX AN, skor OTCel 3 HSP-70

mRNA levelel tig F&3k E43 fleixs A7I3F =F5d o] ofFolxof & Ao=

ARk Rl F2 2EHA 2= F& A5 3 HEdez AEE 9 s
o] Asetta delA A th(Davis et al. 1990; Parihar et al, 1996; 1997).

A 1
up, 2 Ay AE 10 % 30CAA = ZEE 2 A4 471 453 & dAzE o
el

slel A2 2 Wt glojM o] ~Ed s B RG] Wt A ded, A
el ol Aol A 2 wistel] glojx I AgsHo] wtopA A Hal oo wE
sl 5o] HlaA vtopx A& ~EHAR Agshs or dddrh £ a1k
OTC % H:0, A2l d9 4ol wats Ao 2z 48gons oo i
Wol 71zt o2 gatsl 49 SOD 2 CAT &4 4o T7iHE ez dddar. &
g 274 0% HSP-70 ©uMdS Agste] 2Edze o AX o 9ujde] WS

AAANAFE Aor AZyojzn} ks, %% OTC A= 2Ef A a¢lo=w z
g35le] A tiale] WElE o7|AlA o Feo Al dAte] s AL 4 9
S Ao ATHT
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V. 8.9

B Afo M= WX (paralichthys olivaceus)S ©]&3to] F23 & ®H3 2EF s,
Oxytetracycline (OTC) ¥ 43l 410, A sZo wE AuolA o A st
Al Wsh ksl g4 9 S AUNE (HSP)F9 Wats xAtste &g - g8ty
Efzd o3 72 A8E ATeas & AIe FIdsSAH B2 2EH 2

4 A= 410, 15, 20(sH=TH), 25 B 30T R AAsislon, 54 Al 1, 2

[>

4, 6 2 8AIZF Fol At T3 35t 2Ed 2 Afode AFTFE 4740
(W), 100, 300 ¥ 500 ppmoz AAsIHom, 1A7F k842 & ¢3AA O, 1,
3 % SAIZE Tl dAAEE EA S ATH

o Ay, 294 2EdL] A

¥ d9 F Hematocrit (Ht), Hemoglobin (Hb) %
Red blood cell (RBC) FE& F24< Al 7kt B3, A9 IZEE %
£ 209 vaste] 15T E ZAasa, 10 © 30T E A5 F dAHAe] 7
Hgte] et 3 FEJ o, 2B5CAE AT ZEE w27 =4 FAHAT A
A9l SOD &AL 25ColA =/ vetskon, 10 B 15TelA = 2 &40 HAsad
th el Ao CAT 42 10CTE A9 A FodA FoatAl =& FA5 YEY
Ak HSP-70 @A W@ Fo = o+ vlaste] A3 A aFodA FoatA =

)

ol
N

i

N 4§ dHo A9 Hematocrit (Ht) F2= A

=
AT A Hardte AEFS BIoy fFost Aeol= YERA] 2kt Red blood cell
7
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