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Physiological Responses of Black Seabream,
Acanthopagrus schlegeli to

Freshwater Acclimation

Byung Hwa Min

Department of Fisheries Biology, Graduate School,
Pukyong National University, Busan 608-737, Korea

Abstract

Physiological responses (cortisol, glucose, Na', K', CI, osmolality, aspartate
aminotransferase {(AST) alanine aminotransferase (ALT), hematological factors)
were investigated in the conditions of the step-down (Exp.land M),

acute-down (Exp.Il) in salinity and transfer from freshwater (FW) to seawater

(SW) (Exp.lV) of black seabream (Acanthopagrus schiegeli), and long-term

rearing in freshwater and seawater.

1. Physiological responses of fish in freshwater acclimation

In Exp.lof step-down salinity, plasma cortisol levels was significantly



increased from 13.0:1.4 ng/ml at the beginning to 29.5114.8 ng/ml at 5
days and recovered to the basal level (19.7£1.6 ng/ml) at 10 days. In Exp.
I, its level was significantly increased from 34.1+7.7 ng/ml at the
beginning to 81.94+9.1 ng/ml at 24 hours and recovered to the basal levels
(529+8.4 ng/ml) at 36 hours. In Exp.ll of acute-down salinity, cortisol
level was significantly increased from 98+45 ng/ml at the beginning to
117.8+53.8 ng/ml at 12 hours and recovered to the basal level (30.6+54
ng/ml) at 48 hours. However, cortisol level was showed no significant
difference in Exp.IV. Glucose showed a tendency of co-increase with
cortisol in Exp. I ~1II, but there are no significant difference in Exp.IV. In
Exp. I, osmolality was significantly decreased at 5 days, but recovered to
the basal level at 10 days. In Exp.II, osmolality was significantly decreased
at 3 hours, but increased 6 hours. Then, this was again decreased at 36
hours, but began to recover at 48 hours. In Exp.II, osmolality continually
decreased until the end of experiment. However, osmolality showed no
significant difference in Exp.IV. Hematocrit (Ht) showed no significant
difference in Exp. 1. In Exp.lI, Ht was increased at 3 hours, but decreased

at 6 hours, then recovered to basal level at 48 hours.

2. Physiological conditions and growth of fish to long-term rearing in
freshwater and seawater

Cortisol level was no significant difference during rearing in FW and SW.

Glucose was significantly higher in FW than in SW at 90 days (FW: 89.7%

108 mg/dL, SW: 648+114 mg/dL). Osmolality was no significant
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difference during rearing in FW and SW. AST was higher in FW than in
SW at 30 days (FW: 47.0%£99 IU/L, SW: 648+11.4 IU/L) and 60 days
(FW: 89.5+07 1U/L, SW: 385+122 IU/L). At the end experiment, the
growth in FW was higher than that in SW (total length: FW, 18.0+1.0 cm,
SW, 17.21+04, body weight: 102.7+17.3 g, 83.5+5.7 g). Weight gain in FW
was significantly higher than that in SW (FW: 1485514158 g, 786.8+23.6
g). Body composition (protein, lipid, moisture, ash) showed no significant
difference in FW and SW. Survival rate in SW was higher than that in FW
(FW: 88.8%, SW: 92.9%) at 30 days, but it was higher in FW than in SW

(FW: 80.2%, SW: 73.7%) at 60 days.
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o] G4olF FAe datuol, YAFHrt FRHE olFn Jot HY4
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FrasA] duwste] W (Exp. [ ~ V)3 g B Aol A AVIANS ] o
E g4 EY 2Ed2 g 9 Az wstg dotny] Aste A3 A
89 01§ @7|E Table 19 WEhiAT Exp. I, I, W &5 9 At
% AL e AgAagez 749 419 FRP d352(F63 220
0ol A, Exp.lE F54 AMA202 A9 4749 FRP 34 2(583
350 £ )4 2 sk

Table 1. Size of black seabream used in experiments of salinity changes

Experimental Total length  Body height = Body weight
condition (cm) (cm) (g)
Exp. 1 121£0.7 41+£0.7 306165
Freshwater
acclimation Exp. 1 203+1.0 72103 153.0+18.7
Exp. T 13.4+09 46*0.3 41172
Exp.IV 13.5£21 42x06 376+119
Long-term Freshwater 143104 51+0.3 51.0*6.0
rearing  Seawater 14402 52+05 48.6:0.6




Exp. [ : 315(35%) AH&%< 28] 1200t2] & AME3te A3 el 60v}e]
o] AFolE Fgale] GRS AT 2%H8 BES Wio] 1243 10%9
HEE slod 72417 B9 FAF O, @AAHSE QW& 2F0] 1243k
0%, Z57F A5 SIGUHSW—FW). tiz2F9] 60vtge ZthE 35% 31l
=W AFSSIGTHEW). 8L 0, 12, 84, 962134, 5, 10, 208 Ao A H 3
tHFig. 1, Exp.1).

Exp.I: #145:(30%) AH5%< ddo] 100wt & AHgsete S0vtale 4] 5%
2 Ho, ofF UANES A thF, 4 044 BrE &ATHFW—
SW). t= 79 50ute} 2 2HE 30% sfol FATHEW). B4 0, 3, 6, 12
24, 36 2 487 7+A) ol A28t tHFig. 1, Exp.1I).

Exp.Il: 315+(35%) AH&55 ddol 120mE]) & AME3ste A9l o7 60
plE)s FA 0% B2 $ZOHEW-FW), tix79 eovtes T2 35%
o] FATHSW). ALE 0, 6, 12, 24, 48 2 72417bRol 233t tHFig. 1, Exp.I).

Exp.V: l522H gAZ GRae o 247t g2 d83
T} o] 60YU7t FEAMEEHA Ad) Fe] HeE Ao 12002 &

A s FesrAn. Foe 0, 3, 24270 308 2 60U AHEATY
(Fig. 1, Exp.IV).
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Fig. 1. Salinity changes designed for the experiment] ~IV. Points indicate

the blood sampling time.
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o AMSE Ao R 82 Fig 2¢ Yehligt. 32 nld F A1§2:2] 0.
7~13%No 7 &g},

26

Water temperature (C)
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Fig. 2. Daily variations of water temperature in tanks of freshwater and

seawater rearing. Arrows indicate the blood sampling time.

3. A9 AFH} WY

7t AgollA A¥o vl ERE heparin sodium A FA7|(1 mL)E AR
ate] mhARle] v el 30& ofllel BHE AMFSFAT dPoIZRE I
AE AHAB7) o]l FFZ Helzt oM YA v FFS His)
&7 Agte] Y A4ANGARE HAAANZG AFHF Fde] AR E oA
108 o4 W3 ohg, YR ((5,600xg, 5H)5le P& ¥Fe BA4HMA

72Co HB|FHA BEAA] ALRIHTE @A e} cortisol =%+ Donaldson



(1981)9] WAl® & =AH(RIA)e] whe} cortisol RIA kit (DSL, USA)2 & 17}
EX Pl FAo FYHoT WEITE FEF ohE, Hewlett Packard
Gamma Counter (Cobra I 5010, Packard Co., USA)E &=#3gtt. 84 =
232, Na', K', CI' 5%, AST (aspartate aminotransferase) @ ALT (alanine
aminotransferase) ¥43-& #38ld AT 25 E4 7](Advid 1650, JEOL Co.,
Japan)E A&ttt @4 HFE FLEE micro-osmometer (3MO plus,
Advanced Instruments Inc., USA)E A&l E43t3th A=A Qe of
sltede Ald A Fo AHEH A E A7) (Excell 500, USA)E AHg-3te], AEd o
8 Ay 78 H(hematocrit, Ht), J&8F4(red blood cell, RBC), i Fx
(hemoglobin, Hb)E &4t

4. o}7tvl e} 52 =HFA /F

AbEel dEwisl AEA Exp. 1~V 25 2 sl5ANSE ZAEY ot
v, 259 23 @5 zAE7] A3 €Y BEF 23 Bouinddl 1
43 g, Aol wg seves Tojd 238 5 m FAE A5,

haematoxylin-eosin® 2 tjH] M3l FEFHU A ofgfdl A FHsHAT

5. A4

24y

M

w4 2 oE gl A7IALSE A EY MRS Dolry] 9o APFE
A1 120U Ao 27 3npeH & F39] THFY HAHE FAH F 24
7R 72T A BB ol F 7} ARE AOAC (1995) ¥yl we} <
o ArtdAzy, 29 Kjeldahl A3, ZAWS Soxhlex &

, 2% AH8Yos BAsE,

e



6. 44 B =g =A}

g4 3 el AR TAEEY ARTE 30Y THes AL H,

- T H(g)=(WatW5)-W,
- FFE(%)={(Wat W3)-W1/ Wi} X100

- AR &S (%)=(I/B) X100

o

- A B E(%)=[G/ {(Wi+ W2+ W3/2) X D)] X 100

- QA 7RAYE A F 8(%)=[F/ {(Wi+Wo+Ws/2) X D}] % 100
B: 47AEAAE, D ARdF, B FARIFE G FITY L JO4EE,
Wi ARSIHAIA] o] F5%, Wa AASFRA off F5% Wi AMS7ITE 5

Aol FF e

7. EAA
7 AFEAERE AR ARY Al A {57 SPSS-FA H71A

(version 9.0)of] 2]8F ANOVA ¥ Duncan’s multiple range test= 774385t



m. 2 34

1. st A2 as
1) @3¢ cortisol ¥ 2FIAX FE
Exp. 1 ol A cortisol® F3 29| W3le Fig. 37 2t} cortisol?] =& 4

Aol A AEAAAC 13.0414

fo)8kA 2718t oK P <0.05), 104 AR E 3F287) AlZste] APEFA(20

dA)olE 75123 ng/mLE AFANAA FEL2 IESAUG. dzFodME

AAAANARE EEAAA 91+19~116+33 ng/mLE 3 W3S 0ol

4 ng/mLYd Zlo| 547 295+148 ng/mL=E

A GRHP>0.05). FFAE Fre AT HAFENAAlA 523172
mg/dLIE Aol 5AA#A szt gAAT, 1095 740514 mg/dLE &
o]aHA Z7b3ld(P<0.05) APEgAAE 665107 mg/dLE AFAAA £
Fog IBHUT xFodxe AF/NAARE FEA7EA 515207635
+64 mg /ALZ F2|3 ¥stE Holx] gskehP>0.05).

Exp. I ol 4] cortisol? Z$32 Wae Fig 49 ¥t} cortisol?] FE& A
oA AFAAA ] 341277 ng/mLA™ Zo] 12AHAFE Fo3tA =
7487 A Zsle(P<0.05), 244175 81.9+£9.1 ng/mLE Hx1gs Jehjdd

7} ol Fol Fradted HEE@ Aol 3924127 ng/mLE AFPMAA F3

fo

2 BEIA. gzl NE AGMNAARLE FRAZA 358+10.0~49.5+
192 ng /mLE 23 H3lE HolA AATHP>0.05). 2532 FTv A3
FoM 6A AR 7t FE 1241080 ARG 4A A REE o
Al F7V87] ARl 36A1 A Haghe UElglen], o]Fo] FAdteE A
Fo UehRcy. ABMAALE FEANA 403£50~555+69 mg/dLE
g M Holx FUTHP>0.05). Eg, hERTANE APMAAREH F



A 7HA] 453£3.0~533245 mg/dLE 93 ®EE Holx PUdHP>
0.05). Exp.Mol|A] cortisol®} Z5 32 W3l Fig. 59 2t} cortisold] HE+&
AP AE A A} 98448 ng/mLAD Zo] 6AIzbAle} 12410l 2zt
7} 63.0+243 ng/mL, 117.8£53.8 ng/mLE fol3lA F7131E.20(P<0.05),
UNZHARE FAas7] AlEste] 72478 o= 106146 ng/mLE A EH A
A FEoR IEHAL dEzTAAe HAMAANEEH FEAAA 68124~
133161 ng/mLE #2)3 H3E Holx GYtHP>0.05). FFIE Frv
AP A A™MA A 538435 mg/dLET o] 6A1ztREe} 12X 7HA 9
Z}z} 12354262 mg/dL, 15002552 mg/dLZ 28tAl Z7}stQ 2 HP<
0.05) 24A1s N E 69.8+227 mg/dLE AFAAA FFEog HEHAD o
ZFoME HARANARE FEA7A 51.5535~63.5407 mg/dLE #9 &
W3t HolA] gkktH(P>0.05).

Exp.IVoll A cortisol®} &FF 2~ W+ Fig. 634 o P A s+2 &
A& W cortisolid} FFAL FEE ARMAANTH FEAMA 4 222+
205~865+24.6 ng/mLe} 559+10.0~96.1+24.8 mg/dLZ §J3 zo|E B
o] x| eksteHP > 0.05).
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2) 849 Na', K 2 CI' ¥%&

Exp.1ol4 Na', K" @ Cl'e] #sle Fig 79 %tk Na'e) 5 AF T
A AN A A 1767438 mEq/LA™ Aol 5UA 4 111.8+38.0 mEg/L&
Folst A PR UH(P<0.05), 104AFE F7tetr] Aj&st APFI Al
¥ 1753115 mEq/L2 HP7/AANH FEo2 ARHAGM. dz2ToAMe 49
AANAKE ZEBA7AR 173.7+£41~180.7+3.8 mEq/LZ R2/§ ¥3HE Ko
A AP >005). K'Y sre P79 27l A AIAANARE FEA
7 A 2}z 29+06~58+01 mEq/L, 39+07~57+08 mEq/LZ §93 ¥
32 Holx YRTHP>0.05). Cl'e Fx=y APFAAM AYPAA A 1527+
15 mEq/LY #o] 5dAle] 735+265 mEq/LZ 28 A 7Zastgd o (P
<0.05), 104 AFE F7tet7] Aaete] AP LA 1467168 mEq/LE
HAMAA FELZ AESHAG. dzTdMe AFAANARE FaA7A
1525+4.9~161.5+27 mEq/LZ /93 §isE Holz| A ¢tHP>0.05).

Exp.IolA Na', K" ¥ CI'9) #¥ist= Fig. 83 th Na'9 ¥ 2374
A AYAA A 1820142 mEq/LAW Aol 36A4171# 9 166.043.3 mEq/LE
FoshAl A H oK P<0.05), HEFRAE 175.0414 mEq/LE AN
AA oz IRHAY dExFdAs APMAAYE FEA7A 1800+
44-191.045 mEq/LE #2938 WH3E Holx AUTHP>0.05). K'el FE&
A g REANA A 4.0£03 mEq/LYA o] 6A13t: 124 7hAjo] 3.1+
03 mEq/LZ §938lA 7ta3lg o (P<0.05), 24417tAo]= 3.9+03 mEq/L
2 HAPNAA FELRE BRI 2y, A AG dPFRA 47
32+04 mEq/L, 32102 mEq/LE Al §otA Z2sATHP<0.05). HE
FolNE HAPEMAANEEH ZIANA 39+£03~42+03 mEq/LE §2o/g o

35 rRolxA] GUTHP>0.05). ClI'e] F=& APl AFEMNA A 142.0%
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27 mEq/LA9 3o} 3A1ZtE 6A1ZEA o) Z}zb 132.7+4.9 mEq/L, 1345%1.7
mEq/LE #F28tA 7SR VHP<0.05), olFd 24X 712 APMAIA 5
Fog 3RHAT 2, 36A17h e APF R A Z2t 1260124 mEq/L,
1325+35 mEq/L2 thA] $-o8tA ZASIGHP<0.05). Y ZF e A8 )
A A RE FZA7HA) 140.0+49~1443%25 mEq/LE §93F HIE Ho|z
X gt thP > 0.05).

Exp.MelA Na', K" 3 Cl'e] =&+ Fig. 99 Zth Na'9] ¥x& Ay
A A™@MNAIAl) 177.0£11.3 mEq/LAY Heo] 6AARE {20314 7+As)
7] A8l (P<0.05), APF A oE 1250425 mEq/LE AANA A $Fo
2 HEHA &t dzFdAs AFNAIARE FRAARA 1692177~
180.6 £3.8 mEq/LE 23 WEE Wolzx RUthP>005). K’ ¥xE A
o thEFoA AFAAARY ZFAAA 2L 40121~114+53
mEq/L, 3.9£09~68+37 mEq/LE /2% WS Holx FpcHP>0.05).
Crel 5= AgrolA dEMAA 0 156.0+42 mEq/LED ol 64)3Ha
Bl froetAl syl A&t (P<0.05), 48 FR A 985559 mEq/LZ
AARAAN FEL2 EHA gtk dz2FodMe HENANANEEH F82A
7hA 1474117.1~161.513.1 mEq/LE #F4§ W3S Ho|x ItHP>0.05).

Exp.IVollM Na', K* @ CI'e] #W3lE Fig 109 2oh 25 sz &4
& 9 Na'sl K'e 2FAANNNREH FEAZAA 22 163.01+9.9~187.8+10.1
mEq/L9} 33101~40+04 mEq/LE /28 =}o]E Ho|x tth(P>0.05).
Cle AgpMAel 1515421 mEq/LYE o] 327k 177.0£10.4 mEq/L
2 Fo3A 7o WP <0.05), 244 7R 1683+194 mEq/LE A &)

AN FEow HEHAT
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Fig. 7. Variations of Na’, K" and CI' levels in plasma of black seabream in
experiment [ . Same alphabetic letters are not significantly different

(P>0.05). FW: freshwater, SW: seawater.
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in experiment [V. Same alphabetic letters are not significantly

different (P> 0.05).
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3) %9 453 ¥ AST R ALT

Exp. I oA 253 %%, AST 2 ALT ¥l Table 29} 2ok 453 ¥%
= AR AEMA A 3870120 mOsm/kgoldd Ae] 5| 333.7
+272 mOsm/kge 2 HFoatA #AstQ e (P<0.05), 10dAdE 3613+
232 mOsm/kgo 2 AHMRAAN F£Foz JEHJT hzFodMe A
A EE E8A7}A) 383.0115.6~3887+35.0 mOsm/kgo.2 23 H3lE B
ol A GITHP>0.05). ASTE APl AP7HAAe] 357481 TU/LHH A
o] 12A17rAoll 50.0£28 IU/LE #2354 7 8tHATHP<0.05), o|F=& 4
A7 A A R §2 354 vA UERSTHP<0.05). R T E APAAAIFEEH
=g A 7R 305£64~415+£106 IU/LE #23 WH3S Holx LtH(P>
0.05). ALTx 279 diz=7olA APAMNAARE FR3A7HA ZHz 1520
7~38+05 IU/L, 15+02~21206 TU/LZ f2l5 WasS Ho|x WpeHP
>0.05).

Exp.IIolA 253 ¥%, AST @ ALT ¥+ Table 3% 2ok #4534 5%
= AddA AEMAAY 3485121 mOsm/kgol® Aol 3 kAo
335.7+21 mOsm/kgo. & §o A 743t WP <0.05), 340.7+2.1 mOsm/
kgo 2 AFEMAA FEoZ 9ok 28y, 36A A Gl 319.0214 mOsm
Jkgo 2 fostA A ATHP<0.05). RN E AEMANARE FRA
7} A 346.7+25~3535+78 mOsm/kgo. 8 F2|3t AjolF HolxA &dh(P>
0.05). ASTx= A FelA A@7AAA el 17.0£4.6 TU/LIAE Aol 36A1H7HX] =
F93 aolrt PUUHP>0.05), 2BFEAE 480114 IU/LE F2]3HA
Z748 g HP <0.05). ZFoE HEMAAREH FRA7A 173£21~21.0
+71 1U/L2 &% H3lE wolz UtHP>005). ALTE HAFF9} =+
A APNAANRE ZFRA7A 7z 43£12~55%213 IU/L, 43£1.2~53
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426 IU/LE 23t H3lE Hojx] ATHP>0.05).

Exp.Mol A A% 4 &%, AST 2 ALT #3}= Table 49 2t} 454 5%
= AT AFPAIA] 34801325 mOsm/kgolde  Ho| 48A)3HF| 4
2945192 mOsm/kg2 2 F9]&tA 74890 (P<0.05), AFBERAI7A 3
B ootk dzTolde AdPANANARE FEA71X) 383.0+15.6~388.7+
35.0 mOsm/kgo 2 93 vlglE Holx FUtHP>0.05). ASTv= HEFd
A ABAAA 335149 IU/LEE #o] 6A1ZtRlo) 1280+212 IU/LE §¢
A F7HE Ao P<0.05), AFFRANA HBANA FELE FHEHA
Suth dzFodAs AAMNAAREH FEA7HA 305164~5201113 1U/L
Z 5938 HEE Holx GUPrkP>005). ALTe Ay Tola HAAAA 15
+02 IU/LGD o] 48A17kAoll 28409 TU/LZ F2)3tAl Zrtatg o(P<
0.05), HEFTFAZAA AANAIA FELE FEHA Ut dzFdMs 4
HAAAEE EFAZA 1.7£02~23+08 [U/LE {23 W3S Ho|x o
LTHP >0.05).

Exp.IVoll A 453 5%, AST ¥ ALT W3}= Table 58} 2t} grolA] 3
T2 AL W FFRE v AEANANEH FE5A7HA 34251573585
183 mOsm/kg® #2& 2}o]E HolA UTHP>0.05). ASTE 2FH A A
o 220+184 TU/LHW o] 24X 7kx 425478 IU/LE Z=7tsiiuiz} 309
Aol 150157 IU/LE Fadtgod 437145t #9938 Aole AP
>0.05). ALT+ 4702 Ao 25207 ITU/LYY Aol 48+05 IU/LE #9]3}
A Z7stH TP <0.05), 30d Aol 2.7+12 TU/LE AGPAAA FFo=2
325 Aot
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Table 2. Variations of osmolality, AST and ALT levels in plasma of black

seabream in experiment I

lali AST ALT
Elapsed Osmolality
time (mOsm/kg) (iu/L) (IU/L}
(hours) SW-—FW SW SW—FW SW SWH>FW  SW
0 387.0+2.0° 3825+16.3" 357+81° 323+47"° 23+0.6" 18+t0.3

12 374.0+30.4"° 3725+205° 500+28° 31.7+t65"° 38+05" 19+03"
84 369.0+16.0° 370.0+1.4° 21.7+45 392+33% 23+15 17+05
96 357.0+18.0" 3855+17.7° 22.0+20% 370199 24+05° 1.9£03°
Day-5  3337+272° 3847+114° 205%0.7° 304+52" 28+1.0" 20+0.7
Day-10 361.3:+23.2" 3823%=72° 200+6.6" 395+64™ 20%14° 1.6:05

Day-20 353.7+124% 386.0+28" 215+9.2° 335+49" 1507 1.5x0.2°

The values are mean®SD. Means within each item followed by the same
alphabetic letter are not significantly different (P>0.05). AST: aspartate
aminotransferase, ALT: alanine aminotransferase, FW: freshwater, SW:

seawater,
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Table 3. Variations of osmolality, AST and ALT levels in plasma of black

seabream in experiment II

Flapsed Osmolality AST ALT
time (mOsm/kg) (1U/L) (Iu/L)
(hours) g, pw SW SWoFW  SW SW—FW  SW
0 3485+21% 346.7+25% 170t46™ 195+21"  45+1.0 43+12
3 335.7+21% 3503+3.1° 127+06" 180+67" 43+12 48117
6 3407406 3507+4.0° 165+3.5™ 21071  48+05 53+23
12 344.7+21% 347.3%4.0" 120+14" 155+64™ 52+18 53106
24 349.0+28% 3535+78  85+13 167+11.0° 55+13 43+15
36 319.0+1.4" 351.7+31° 240+71° 17.7+32"™ 50t14 53406
48 328.0+2.8° 351.0:£53° 48.0x14% 173421 50+00 47+21

The values are mean*SD. Means within each item followed by the same

alphabetic letter are not significantly different (P>0.05). AST: aspartate

aminotransferase,

seawater.

ALT:

alanine aminotransferase,
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Table 4. Variations of osmolality, AST and ALT levels in plasma of black

seabream in experiment III

Osmolality AST ALT
Elapsed
o (mOsm/kg) (U/1) (IU/L)
(hours) gy _pw SW SWFW SW SW—FW  SW

0 348.0+325° 378.7+133"° 335149 305+64° 1.5+0.2° 1.9£0.1%
6 3533+£17.2° 383.7+242° 128.0+21.2" 368+115" 1.8+03% 23+0.8"
12 348.0+36.8° 388.7+350° 1385+51.6" 41.5+10.6° 1.8+01% 21+0.6™
24 338.0+2.8" 378.0+312° 985+445° 520+11.3"° 22+04" 1.7£06%
48 2045+92% 383.0+156° 92.7+195" 327+47° 2.8+0.9° 1.7+02*

72 274.0+20.8" 384.5+258" 94.0+339%¢ 495178 28%15 1.7+0.6™

The values are mean+5SD. Means within each item followed by the same
alphabetic letter are not significantly different (P>>0.05). AST: aspartate
aminotransferase, ALT: alanine aminotransferase, FW: freshwater, SW:

seawater.
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Table 5. Variations of osmolality, AST and ALT levels in plasma of black

seabream in experiment [V

Elapsed time Osmolality AST ALT
(hours) (mOsm/kg) (IU/L) (IuyL)
0 3425+57 22.0+18.4" 25+0.7°
3 358.5+8.3 28.04£1.4" 3.7+0.6™
24 355.0+£10.2 425+78° 48+0.5°
Day-30 343.7+145 15.0+5.7° 27+1.2
Day-60 3490471 13.5+3.1° 25106°

The values are mean*5D. Means within each item followed by the same
alphabetic letter are not significantly different (P>0.05). AST: aspartate

aminotransferase, ALT: alanine aminotransferase.

4) Ao} Ht, RBC 2 Hb

Exp. 1914 Ht RBC % Hbe W3l Table 63} zc} Hte Adpe) thz
Foll A AFHMAAREE Z2ZA7RA zhzh 19.6+08~22.7132%, 19.7+£1.9~
20+13%2 593 WEE RolA] YUYrhP>0.05). RBCx AP gz
oA AFPAABE EFIEAA 22 25201~3.020.1%10%ell/ 14, 28401~
31201x10%ell/ 05§23 ¥3ls Holx) ch(P>0.05). Hbe A% 7
A AFANNA ) 156+11 g/dLEY Aol 5AAE 191411 g/dLE §el
st 2718 A THP <0.05), 109 AslE 1631413 g/dLZ AAMAIA FFo
2 3EHIYG. dz2pdE APAANARE Z8A7A 17.0+23~19540.7
g/dLZ freo]dh WatE Kol FATHP>0.05).

Exp.elA] Ht, RBC ¥ Hbe] W3le Table 73 Zth Hte A@TA 2
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HAMA Ao 202£08%9H o] IANAANE 234+£4.0%2 FolstAl Frtst
QO P<0.05), 6AZIROE 204731%8 AGAAA FELE FRHAT
Mz AN E ARAAARE ZEA7R] 20311.8~219L16%E +23 ¥
38 Holx YUTHP>0.05). RBCE APy 7oA HFARANANFH F
FA7A] 7H7h 2.6+04~31205x10%ell/ uf, 2.6+0.4~28+0.9x10%ell/ b2
§9)3 WEE Holx WUTHP>0.05). E§ HblIME HPT9 ofZFolA
AR AAARE ZEA7A 2zt 160+£21~194405 g/dL, 169+0.9~18.0
g/dLE froigt wgE Kolx eHP>0.05).

Exp.MMo A Ht, RBC 2 Hbe] W3l Table 83} #th Ht= HF oM 4
A A o] 208+11%FE Zo] 6A17bAl] 255146%% FolstA F7held
7P <0.05), 48A1 Ao 20111 7% 2 AFNAA FEoZ FHEHJTG o
ZFoAE ARAAARE EA A 197£1.9~235£37%2 2§ w3}
2 wolzxl @YH(P>005). RBCe APFoM HAFNAAl 29+01x
10%ell/ QY Ao] 6”7 Mo} 33+08%10%ell/ W2 FI3HA F715t7] A&
ste] 24N 7R SAFH T 482 7b Aol 3.9+10.1x10%ell/ w2 THA] 7}k
2 H(P<0.05), 48A7tAlolE 31202x10%ell/ 2 AFAAA FEOZ FHE
520 gzTdAE ARAAARE EBAZA 28+£01~3.0+05x10°ell/
W folEt WaEE Heolx @FUTHP>0.05). Hbe AIFTAAM AF7HAA
195107 g/dLgR #Ao] 2441k 250+1.9 g/dLE F2l3A F718l9 L
LHP<0.05), 484 7HAloll & 205425 g/dLEZ ABNAA $£ELZ HEH A
Dz FEME ARANAARE 2RAARX 173+20~203126 g/dLE 23
wEE Bolz] drHP>0.05).

Exp.IVollAl Ht, RBC 2 Hbgl Wzle Table 99 #th 25 di+2 &

7S o Ht= AFMAIA 162+22% A Aol 24A07] 0] 2491312 {9
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&4 27139 TrHP<0.05), 30 A el 207+£24% 2 AFAAA FFo2 I8
59t 28y 60dAo)s 283+£82%2 #2938 st tH(P<0.05). RBC
£ Htgh w23 A% Jehith Hbe A@AA¢l 128109 g/dLywd
Ao 24A)1Ae] 167416 g/dLE 37 2718 7HP<0.05), 300 A
e 129+14 g/dLE HAPMAIA FE02 FHEHAT

Table 7. Variations of hematocrit, red blood cell and hemoglobin levels in

plasma of black seabream in experiment III

HT RBC Hb
Elapsed )
time (%) (x10°cell/ ut) (g/dL)
(hours) g SW SWoFW  SW SWFW SW
0 21.0+1.6% 202+23" 29404 28+0.3" 156+1.1*" 17.0+23%%

12 227+32° 220+£1.3° 29+02" 31+01° 135+15  203+28

84 195+1.8" 21.7+23° 26+02" 29+02°" 164+1.2" 185+1.1°

9 20214 208+2.7° 26+02° 30+05° 156+1.8°" 173+20°
Day-5 21.0£04" 217106 3.0+01™ 28+01° 191+11° 17.9+15"

Day-10 19.8+04™ 19.7£1.9° 25+0.1° 28+01™ 163£1.3"" 175+04™

Day-20 19.6F+0.8" 208+1.1"" 25+0.2" 29+0.1™ 14.2+25" 195x0.7"

The values are meantSD. Means within each item followed by the same
alphabetic letter are not significantly different (P>>0.05). Ht: hematocrit,

RBC: red blood cell, Hb: hemoglobin, FW: freshwater, SW: seawater.
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Table 8. Variations of hematocrit, red blood cell and hemoglobin levels in

plasma of black seabream in experiment II

HT RBC Hb
Elapsed o
e (%) (% 10%ell/ ut) (g/dL)

0 202+0.8" 203+31° 28+02" 2.6+04° 172+05" 177109
3 234+40" 21.5+44™  31+05° 28405 176+1.6™ 171+1.7°

6 204+31" 219=%1.6"  27+04" 27+02" 187+16™ 178+07"
12 195+31"  21.2£3.0"  26£04" 27203 194105 17.6+23"
24 19.8+1.3° 203+18  28+02" 28+03* 167+06" 180+1.9"™
36 209+£3.0" 21434  29£04" 28+04" 160+21° 171:+08°

48 21,026 21.1+42"  29+04"™ 28+09° 179+0.1" 169+0.6%

The values are mean*SD. Means within each item followed by the same
alphabetic letter are not significantly different (P>0.05). Ht: hematocrit,

RBC: red blood cell, Hb: hemoglobin, FW: freshwater, SW: seawater.
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Table 9. Variations of hematocrit, red blood cell and hemoglobin levels in

plasma of black seabream in experiment I

Elapsed HT RBC Hb
time (%) (X 10°cell/ u6) (g/dL)
(hours)  swFwW SW SW->FW  SW SW—EW SW

0 208+1.1" 214£31%  29101% 30+04™ 195+0.7° 17.8+05
6 255+4.6° 225+1.6™" 33+08 3.11+01° 195+1.9% 203+26%
12 23.0+£23™ 215+23%  33+02% 29+02* 213+12° 195+22%
24 254+21% 224%33  39+01° 3.0+05" 250+19° 17.3+20°
48 201+1.7* 2354379 31102 29+01° 205+25*° 179+1.5

72 17.8+3.5"° 197+1.9" 27+05 28%01° 17828 176+04°

The values are mean®SD. Means within each item followed by the same
alphabetic letter are not significantly different (P>0.05). Ht: hematocrit,
RBC: red blood cell, Hb: hemoglobin, FW: freshwater, SW: seawater.

Table 10. Variations of hematocrit, red blood cell and hemoglobin levels in

plasma of black seabream in experiment IV

HT RBC Hb
Conditions .
(%) (% 10°ell/ u) (g/dL)
0 16.2+2.2° 21+0.3° 12.8£0.9*°
3 19.1+34° 24+02° 143+24"
24 249+3.1" 3.1+04° 16.7+1.6°
Day-30 20.7£24™ 2.3£03° 12914
Day-60 28.3+ 8.2 32+1.0° 124+1.3°

The values are mean*SD. Means within each item followed by the same

alphabetic letter are not significantly different (P>>0.05). Ht hematocrit,
RBC: red blood cell, Hb: hemoglobin.
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5) olztul, =59 234 aF

Arwsid wa AgEe oprivie =4S Fig. 11-1291 Yehiiith
Exp. 1 ollAl o}7bu] #2A] 84212k ol & 23bA) i (gill lamella)e] FHeRzt 43
A AN (Fig. 11, A)$} Hls=at g A9 Fig. 11, B), 54 Aole 2349 157
2 BRY 5 9glen], A¥filamentie] MEE] &3
2 #@4e BAY 4 UA(Fig 11, O). 20U A= 240 He) &48 FEg

=y
BN
©
o,
o
(L
g

A #2385 AR NS v FEV} %%ﬂ‘ﬂu}(ﬁg. 11, D).
Exp.IMol A 24A)7b5] of7tml= Algie] w3z FE38, 2344049 &
z 4o BAEAG(Fig. 12, A). 72A 7A€ 2x48 o] wjde HFHo

LN{J

ehutont, sk 2apaHel §3HE A4 Earol B EAThFig 12, B).
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Fig. 11. Photomicrographs of gill filaments and lamella of black scabream

in Exp.T. A: control, B: 84 hour, C: Day-5, D: Day-20. Bar=50 m.

Fig. 12. Photomicrographs of gill filaments and lamella of black scabream

in Exp.Ill. A: 24 hours, B: 72 hour. Bar=30 .
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2. 59 oA FIAKA Bz vl
1) 32| cortisol 2532 FE
=1 3 AL A9 cortisol® FFI 2 Wil Fig 139 goh

Sl A AREEE A Ee] cortisol FEE HAIMAIAIEEH 90¥7A] 5.6F1.

i)

%A
Ho
rk

P
T

3-~105+99 ng/mLAeH, sFASol e 34£13~48%37 ng/mLE &9

o

WS BolX] ATHP>0.05). F5AlS A 2RI FEE ABAAA
458433 mg/dLEQ Zo] 90YANE 8974108 mg/dLE F3tA =713}
ATHP <0.05). 3|FAREA] AHAA A o] 57.3+10.8 mg/dLAY Ho] 60 o
¥ 422477 mg/dLE §98HA $olR oK P<0.05), 0LA s 6481114
mg/dLZ AHMAAN FELE JEHAT

g R AT AFS Na', KW 9 el Wsls Fig 149 2o &
F 9 AFAT FAFL] Na' s d@AAAG zZHzh 1744427
mEq/L, 1748232 mEq/LZ §9& zlo|7} glidou, 0AdAAE= 2zt 1715
+3.0 mEq/L, 1768£21 mEq/LZ #]5AlE0) D5ALSRT G o s =9t
thP<0.05). K sEe A@7WrA¢] 22 38105 mEq/L, 40+1.8 mEq/L
GY Aol 60U St YA zhzt 49£04 mEq/L, 3.3+05 mEq/L9} 53+
0.9 mEq/L, 43+04 mEq/LZ @ibSo] s)lhAlgnnh So)5oas ErhP
<0.05). CT Fx& AgMAA o ztzt 1700487 mEq/L, 153.7+25 mEq/L,
30 Aol 24z} 183.0411.3 mEq/L, 1543+1.9 mEq/L, 604" o] 2}z 168.0+
3.7 mEq/L, 158.0£1.6 mEq/LZ GFAlS-0] d|FALS R 934 =gen}
(P<0.05), 0L A A= zte]7F glA
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Fig. 13. Variations of cortisol and glucose levels in plasma of black
seabream reared in freshwater and seawater. Same alphabetic
letters are not significantly different (P>0.05). FW: freshwater,

SW: seawater.
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Fig. 14. Variations of Na', K' and CI levels in plasma of black seabream
reared in freshwater and seawater. Same alphabetic letters are not

significantly different (P>>0.05). FW: freshwater, SW: seawater.
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3) @72 454 Fx, AST 3 ALT

F 2 fFARe HAEE] 452 v, AST @ ALT 3= Table 1134
2oh. @rst dFAgdN A45E sEs AINANAREE 0Y7A A4
346.7 +4.6~356.5-21 mOsm/kg, 350.0+:2.0~357.0£22.6 mOsm/kg2. 2 ]
3 W3E Holx JHP>0.05). ASTE Goia AF/RAIA)A 17.7+2.3
TU/LYd #Ao] 3047 470196 IU/LZ §2|3H7A 27151 A wHP<0.05),
60U Aol = 133421 IU/LE A-AAA 527 2ol7t gk 28y, 90¢
o] 895+07 IU/LE &o3tA Z718QAtHP<0.05). 5o MEe 217164
IU/Lg" Aol 0YdA s 385122 TU/LZ H28HA Z7tsgTHP <0.05).
ASTE B3} #|$ASolM AFAA)ARE 90DA7 A 74zt 3.3£13~7.04

28 TU/L, 27£12~67%29 IU/LZ {95 W3S Ho|=] %AthP>0.05).

4) 9] Ht, RBC 2 Hb

g4 2 slEARS S ZdEe Ht, RBC € Hbe] ®iZ:E Table 129 ot
TG sigrel A Htsl RBCx ARAMAIANEE 0U7AA o ztolg Ro]
A keHP>0.05). Hbe 904 A T5ollA 196112 g/dLE sfigolA 157
+33 g/dLE T fol&tA ETHP <0.05).
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Table 11. Variations of osmolality, AST and ALT levels in plasma of black

seabream reared in freshwater and seawater

, Osmolality AST ALT
Rearing
(mOsm/kg) (IU/L) (IU/L)
days W SW FW SW FW SW

0 349.0+20 350.0+20 17.7+23 21.7+64° 33+t13" 60+08"
30 346.7+t4.6 353.0126 470*9.6° 133+32° 58+25"° 27+1727
60 3543+61 357.0-226 133+21° 16.7+25  45+21"™ 53+21"

90 3565+21 354.0+53 89507 385+122° 7.0+£28 67+29°

The values are mean=*SD.Means within each item followed by the same
alphabetic letter are not significantly different (P>>0.05). AST: aspartate
aminotransferase, ALT: alanine aminotransferase, FW: freshwater, SW:

seawater.

Table 12. Variations of hematocrit, red blood cell and hemoglobin levels in

plasma of black seabream reared in freshwater and seawater

‘ T RBC Hb
Rearing (%) (X 10°ell/ ub) (g/dL)
d
ays W SW FW SW FW SwW

0 19.8+0.6" 185+0.7*"" 25+0.1"° 22401 164+0.7*"" 145+05™

30 19.9+1.2°" 19.8+44™ 24401 23106 13.3+0.7° 16.1+0.5

60 179+21" 229+15"  22+02° 28+02" 183%0.2" 178+13™

90 212431 237415° 2904+03° 26+01% 196+12% 157+33%

The values are mean*5D. Means within each item followed by the same
alphabetic letter are not significantly different (P>>0.05). Ht: hematocrit,
RBC: red blood cell, Hb: hemoglobin, FW: freshwater, SW: seawater.
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5) ol7tul ¢} 28] =AsA Wl

A7 FARR Al 2200 o] s sl AkSel] BlEl Al Ao 7t
& 4 E vehdiden, 2at4e] ZAl Bojd Zeg 33T £ A 2
gyt 229 Aaht &4 AR dtHFig. 15, A and B).

3o 278H mHe Fig 169 Uehiglch ®9o TAE Zz 178+
13 /m, 251189 m=, A= 861493, 105.7+47.3 mz oA F7 Y.

2Azo]l TAle b2t 2454163 um, 174476 mo 2 B5EASAl O] 249

[+]

ok

ol

6) AQE =4

AdRE 2400 Sl FEFFES BF AFASAA A 67.4102%, 69.8
+02%, 2GWe 178+0.1%, 181102
RS 58102%, 65-05%82 Uehgtont §o3 ztole AR ZFUHP
>0.05) (Table 13).

%, A8 10.0£06%, 7.8+£1.5%, Z

7) A% R AES

WA GRS APMANG BT 5 AS A 2H2t 143204, 144+

8 g2 4
0.2 emd¥ Aol 30, 60, 90, 120¥ 5] 2tz 151+0.7, 16.0+0.9, 17.0+1.1,
180+1.0 em®} 14.610.1, 151406, 16204, 172704 cmZ e}, g2}

fo] deAgu W 44 B AF5FS zhzh 510460 g 486+06 g
o]l Aol 30, 60, 90, 120¢ Ao 2z} 59.8+10.6, 7244147, 8824220,
102.7417.3 g 50.7+1.2, 51.8+24, 691+6.1, 835+57 g0 2 JelY, T4A}
Fol FAS Mok de] wthFig. 17). AJFFREA(1209A) S5H2 &

£} sl zhzh 14855+4158 g 78681236 go 2 HAlSo] gAY
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2o} folstAl BwUTHP<0.05). AR AGFES 1.240.3%, 1270.2% %52,
A B ESL 441+43%, 378+T11.0%, FFES 74z 71.916.8%, 44.37152%,
ANAHLEL 06+01%, 04+01% 2 FFALEe] siFAMR Hoh =toyt f
sl Holx GPAUUHP >0.05) (Table 14). AEZEL ALS 30d Ao oot 85
o x] bzt 88.8%, 92.2% 2 3ol =okou), AHFE A= 802%, 737N

@5 abgo] BGAFSRT E9koh (Fig 17).

Fig. 15. Photomicrographs of gill filaments and lamella of black seabream
reared in freshwater and seawater (120 days). A: freshwater, B:

seawater. Bar=50 nm.
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Fig. 16. Cross section of skin showing the cpidermis, dermis, lipid and
muscle layer. E: cpidermis, D: dermis, L: lipid layer, M: muscle

layer. Bar=50 gmn.

Table 13. Body composition of black seabream rcared in freshwater and

scawater
Rearing . _ ..
Moisture (%)  Protein (%) Lipid (%) Ash (%)
water
FW 6747102 17.8+0.1 10.01+0.6 58+t0.2
SW 69.8 0.2 181+0.2 78115 6.5+0.5

FW: freshwater, SW: seawater.
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Table 14. Growth factor of black seabream reared in freshwater and

seawater

Reari
earing FI (%) FE (%) WG (g) WGR (%) SGRW (%)
water

FW 1.24+0.3° 441+43* 1485514158° 719168 0.6+0.1°

SwW 1.2+0.2° 378+11.0° 786.8%23.6° 4431152° 04£01°

Means within each item followed by the same alphabetic letter are not
significantly different (P>>0.05). FI: daily feed intake, FE: feed efficiency,
WG: weight gain, WGR: weight gain rate, SGRW: specific growth rate, FW:

freshwater, SW: seawater.
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B AFdAE sitelRel A4Ee @5es 34 ALee dol 2Hg

Ao, FrEsAl, VI G5ASe] o el AP WL EAE
]_

Al GRS oAl 2ErA g0 23t ARG zAHo B
b s Al (Mazeaud et al, 1977), ¥%  F}e|Fo}v)(Schreck, 1982)7}

o]

cortisol(Chang and Hur, 1999) =F& AsA7n. ojF = oy gt 2 A7)
A&EHE i g APAdo] zhA=E v (Wedemeyer and Yasutake, 1977),
T AZT HAE FEo] v A Hrt oFV} 2EH 20 xEFW W-n
- AF ARG NEZ (Perry  and  Reid, 1993)# -1 3)3=a)-7FA A

H

N

(Specker et al., 1989)9] A o] &Ajo] FTolx 7leZEolul i} cortisol e HF o
2 mzA BEHA s, AR FFIL AP (gluconeogenesis) &
T FFIA HF Bulg F7HAT ol E AW arSAe] o8 e
U= cortisol?t E2F3AE o7l e AEgA xZE AdAddHy
(Wedemeyer and Yasutake, 1977). =3} daleol =ik, Ad, deid As)a,
Ht, Hb 9 2t S2jzzle] oA Wity Aedg2¢ olxe Hujga z)rie
AR E o] FHHWedemeyer and McLeay, 1981).
Barton and Iwama (1991)& o|fF oA 2EHAE FUL o, o]jFo ua}
FZ7F dE2A ved
o1 st%o.H, Einarsdottir and Nilssen (1996)& Mok 9d0}(Salmo salar)©)
B, Tafae] mE cortisold] FEE A 1A% ool Haghs vhehy

ol F 2N = AERAIA Y ZolE Holx gkskd Aoz My v

X

¥F cortisol FES FAso ol2E LA A

o)

AT EF red drum®] FEY AE A6 upZ cortisol FRE Ho 147
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Lebskar, 3413 o] S ot ko2 3] E3l9d o nj(Robertson et al, 1987),
Foo and Lam (1993)2 Ye}aole A qlsd =

ool Frtetr] Azketed 302l HugEd et masigoh 2

Eg~o] W20 3 cortisolo]

oAlM cortisole] Hirgto] AN Zhzh 23, 248 B & EUATH Exp.Io)
Me 12d) He wdvh A9 olgd ARz B o sl g4Re 4%
FEwgE gAH dEEg 2EGA ¥hgo] whe] e, ~2Egs
g wol 55 & 4 vk 2y, ofv] Flo] AL HAES 52 o
Al &AS o fost Hole QAR cortisold] T Zrle Frpx =9
oM did 4 Utk A, F43 GEUR) g2 2eFs w2y 7} 3l
o, &5, o|FlA cortisole] EFE thAl, AEZE, WA Ago] glo
(Pickering, 1987), Wl &-o}(Anguilla)o} & #¢lA ol FellAl cortisole &4
drolA g Fad AFE2H T2 EoltiMayer et al, 1967). E3], o}r}n)
o] dF+F2 Na' K'-ATPase ¥4, Na' K'-ATPase ¢-subunite] W& wcre
#10e A5sted #5Een GRWAES F7H4)7) oHPickford et al. 1970). u}
g, £ ATl FHEES F5olA d42 &2 9 cortisold] ZibE ohr)
U ERAEe 848 A AEeze B £ ok

YurHow ojgRel Qo] AEH: edozt grusl, AW, 715,
Y, 37e% R olF, 74 29 T U F Ut £ d7AN #AES
A7 G4 R el A ARS e AF {23 Aol UAAT F5alA 90y
Al cortisol F=7t Frbatded o]l RS gl 9% waH Az

% 8 F Aok 22 Ruyet et al. (1998)2 A1{302] 1 x hruold =
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%5914 1 turbots} seabream x|o]o] X cortisol FE7F 343 Aedtia
waug v Aok 2y, SFEAS s cortisol] W7 Aol dAHE Ao
2 pol gxUoh} £ F o AWM ME LEH 2 BEgo] sl A
€ YeuA FA¢ gFAEAdE Uee £2 &S 4 F U

gutrh oz FJEIAE LEFHZd 23 Z7l=9, Barton and Iwama
(1991)3= cortisol &7} Eolhe] wat THFIE Fwr} Eolxle RS 2
Eg 2o 23 2 wss HoZ 2xse Adgn o olgg 3
7h= 40], Mugil cephalus (Chang and Hur, 1999), pejerrey, Odontesthes
bonariensis (Tsuzuki et al, 2001)% & AZoFdx Eu=1 Utk o3
A= B Az dstm gler), o]® & (unpublished data)e) ME
7248 SEAEA cortisole] FTE F7FE ¥E 2FIE FEE W R
G, o) AL cortisole] o8] FFA2 ATl dojupy] Ao FFAL
7t &34 FRE A8 A deg 43 AHEHAAU, cortisolat FHE A
#3le] cortisol Btd wE Al olylo] ~E# 2 oA FrE IFEHUS
PeAE ok o9} 2o HAe F& FEHEA dAdAME HiHd 3t
(Park et al., 1999).

B2 #3749 A5 w7t AR o AEg 9 oL &
A¥s 2o wAUsA Hez M d4H A5d 55 /A3 4
of o] wWEdH B& Fiihe AT HEHE(hypo-osmoregulation)E &

Aol 45A FE7F AW RowW o] Lo WAt 2o
498 g o2 F4en B2 WEdy 14F R (hyper-osmoregula-
tion)& it} B AFdMe dFoA Fr2 dEHEE oFs Adrg ¥
& A9 (hypotonic solution)el] =ZHo] 4Tt ZHo Fe] o3 Na',
K', CI'o] ojaollA wl&= AR GAXA FEBAME AAFRAAA Y
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e AYHoR SNE v, 4% dRustelNE H¥5A g e
ool Tl dleR $AL gelE da E3e YA 2447
ARFT & & AUk Ael 4F FEeME Exp.ll] A ARERA
A AgHes HEYANE ARATN 48AARE Frbsh: Row wol My
A FFEoz ARHR UL ¢ 5 AAD, FAF BRI YT
SAMA ALAoR Fashe A0 Bol Na'/K' Hx 25 2a2 4
AESE 2o AME ojRo)AA) ¥u USe ¢ 5 A 2L, Dol
Aol 4% dduslelss Fo3 Watr gl
BEOIFY AR 2EE ortv], 2%, 2ty 2 AR A o]FojRT. o
Z °Phle 5% A5z 2 Fd 292 w4 52 d3sis 23g
71 el (Laurent and Dunel, 1980; Maina, 1990), 3 1 ¥W2o] & 7)
HET W7 WEe] St s g Bgg g vk 87 s
of & oprirlel 1A e olrim 22w &4 wale) gl
= wEetH, olz 4% 23l whgo 2 TFAIAEY HOF Zgow
A & % Ak dojut oprtulel] 2@ 5 FELY PAE A Ho
B HALR ol Lee (1996)% Foloir @io] FolaS2 2314
el FAL @ FEg dabe] HASA Jelddn Byoe v glow,
M sigollx] Frze] AT AW WA 2348 &4 BA Y o
FHgud dstgen 1 8% $5% RoE AL ¢ 5 AYY. ody 2
S NI o ST 23HY & Axd 34 FegS AAL
Gtk ol F o Fi= A F=HEA slold 2l olemEe o 1x4x
FH S o]Fo], 9F o IRH AAE Bistd AAULy g4 9y
S FAE 715 @0 maA, olfE MAFie dREEe) wel 4%
28 VSR kel BAAEE B2 TEAPoEA A F44 9o

S}
i

o
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i B3 oub gluh(Leonard and Summres, 1976). Lee (1996):= @io| 7HAi
B45 Sl Aol $435) Avki Folold Hudv ATk & AT

= A7 FAES Bl AR FAE S A foAd zeole gUAA

~
-~
w0

17o] BAsET 45A FE7F 27] @i R HRE 29 e
abetstzl g Aeleha AydEnt
o]z "Fjeo] AST, ALTx K7 oful7] dolaie dFoz 7 v Fe
aodEd, oA AR "W @59 240 vl 23¢9
AL dofuAL, WA Zae] UEY wE HEez wEgoos ¥Fo
g o] FolA A ATHMIN F, 1986). ¥ AT M= FGEWH3IA ZE A
A ASTS] #7b7h vebgton, ASTe] Hughsh ehgalel o atolzt @A F <l
EHgel iz 143~31 IU/LY v §48 gRustolaes 945 IU/LZE
et e drwste] T 2EHAR BEEA 21 v 5 v]@
ALt Ae)d Rgs wp 9es AAMh Kwon and Chang (1996)& 7t

H

Beol dEr gREUotd mEHUE W AST, ALTY ZF7isitta 21 3
up ok & Aol A AUIE GARE A 30, 00U Ao ASTY] F7be dE
sho w2 g9l whgo T Ak B 4 Lot Ao I sFo
Z Ehd Aes Hol o] 93 ukgHTE 9
A2l Al gfEyole] HA3 2E £ Qoo 93 AEfA Yhgow
Bz}

Ht, RBC ¥ Hb T &9 xte AAY A &9 $3HE Jehid
Davis and Parker (1990)= 3jAFo]Fo] lo] 2E#AE A¥bA o Z Ht, RBC
2 Hb & 7R ZIdx stk B2 AfoMe o)2st Ayt dA A o
w3l e] Exp. O ¢ w43 GEsigioN =5 e A eE @A F dEEE)

dr
o
o
A
%
e
2
i)
el
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BB A5 grz casts WHE S48 dRuse oA ge
2ERAS FE AT Juhnth olAL ARG 29 B, oY 23
i S& SwEe Avel gy fAd B dUAE AmsA o,

A7 Aoy AW digt Ay BAE Fdstd ZAS #HAR olEA @
A

=
AR 4e Aoz vyt £, ov H3d F4Fe 4
5

o7 7he F4% dF

Ut gadl 48598 o Ml Asd A, B3Rl Aol e 4
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E dFeMe A4EY Foed wrez dAAHd SEWsi(Exp. I %
Mot 4% d2¥sE FALS WExp.I), £, FodA oA 52 A8
d9e WEp V)G A7 B4 2 AFARS B8 FAEY 4uUF wg
< ZASESAT

ﬂ}ﬂ

1. gEstA) A2 3 9hS(Exp. I ~ V)

cortisol FEE Exp. 1e]A] A@7MAAle] 13.0£14 ng/mLYH o] 524
295+14.8 ng/mLE §93A Z715GAT 1085 197216 ng/mLE 4
ANA A SFoz JEHUT Exp.OoMe AE7|AAl] 3411277 ng/mL
QY Aol UARA F5tA Frlste] 81991 ng/mLE H1gg et
W7t 36417 A= 52984 ng/mLE HEMAA FFog FHEHAG
Exp.MMol e AFARAAC 98145 ng/mLAE Zlo] 12A7HRe] 2] 31A)
Z7vete] 11781538 ng/mLE Hugg vehi 2ozt 48A3tAo e 306+
54 ng/mLE HIA/MRAA FFoz JEHUT Exp.ViM= #F2F ze]7}
St %32 F2E Exp. 1 ~MA cortisol® Fwt Fodte o] o
el Agh, Exp Vol e el gl 453 Fx< Exp. oA 544 3t
adtgoy 10989 E AN FFESZ HH3UT Exp IeA 327t
FoE Z2E sdhor) 6AA FUEgon, 36A Ao thA] 7HAER]
th7t AT ARE Z7tslgth ExpllclMe AFFrAAA ALHoz 7t
A&tk Exp.VolAE #o8 Aol7t RIS Hte= Exp. IdlA© 723 A
o7} fsith Exp.MolME 3AZA Z7H8QAAT 6M7Ha AR F2e
2 3Eegut. Exp.lol M 6A1A 71807 4841t AdAA A
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zogz HEI}GT).

2. G} dlpol A FIASA] Aexd va

cortisol v @5 % dMgALS 7|4F A7 56113~105£99 ng/mlL,
34113~48+37 ng/mLE §2]3 o]y} QI FEAA T2 90 5 o)
ot sl A 2hz 89.7+10.8 mg/dL, 64.8+114 mg/dLE Z5olA §-9
Al =tttk 454 Fre 299 9 AR Z10E f43 2ol glioh
ASTE 309 o] z+zt 470496 IU/L, 13.3+32 TU/L9} 60 Aol 2hz} 89.5+
0.7 1U/L, 385%122 IU/LE FelA FY8tA w3t 4PEFFEA 259
sl Ao zZtzh 180410 cm, 172404 cm, AFL 10271173 g 835
+57 go 2 GHFEARS o] SFAIRRT Aol Wittt S5 FE B4 gl
M zhzb 14855+4158 g, 786.8123.6 go 2 @aAlKo] H5AS wok 93
Al Bt dAEAFHE, AISEE, FFE, dUARELS 95480 ds
A B mtou fold 2ol UtE AdE 24 59 dlSAL
9 fog ol Ut AEEE AN 309A A G slaolA gz
88.8%, 922% % d)rollM Ehoy, AFELEgA AT 802%, 73.7%E FFAS
of #lFAISHT ESith
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