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Stress responses, osmoregulation and growth of black porgy reared in freshwater or seawater were investigated
by supplying the feed (10 mg/kg feed) treated with the T (3,5,3’-triiodo-L-thyronine) for 90 days. Plasma T; in
black porgy reared for 60 days in freshwater with (FT) or without (FN) T, treatment was lower than that in black
porgy reared in seawater with (ST) or without (SN) T; treatment. The concentration of T in FT was significantly
more than that in FN. Plasma cortisol in FT, at the same day, was 4 times higher than that in FN, whereas the dif-
ferences of the hormone between ST and SN was not significant. Although the levels of plasma glucose in FN
and FT tended to be lower than that in ST and SN, no differences were found between fish reared in freshwater
and seawater after Ty treatment. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) of black
porgy reared in seawater showed no difference throughout the experimental period. However, at the beginning
stages of the experiment, the plasma levels of these enzymes in FN and FT were higher than in SN and ST. Recov-
ering of AST level to the level of SN or ST was faster in FT than in FN. However, no effects of the exogenous
T; treatment on osmoregulatory capacity and growth of black porgy reared in freshwater or seawater were observed
in this study.
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N B A FFel $IAg 7 L”’dz};fi-e—i x2S A58 ,
ZARARAFET 2R PSS DAFA A AT EES ]
Qo AT EE HEseER Zodel 9 A Zo|m=e A]? D}(Denver 1998). 7oA HHl=E 2719 2348

AAA Azl olFe 4, ASE, A9E9 B ws 1 , 3,5,3-triiodo-L-thyronine (T)3 thyroxine (Ts}2 {FFE
stz Ao 2 d#|A Uth(Leatherland and Barrett, 1993). whe} 9] A7, Bal dg gAY, A R, WA B AEF A O

A Aol olFgAld ol 2= ARlH 71eg AL AP W T OUE AES 75 £33 TS B
Foed, ¢FF FYNE Feslels Al=rt 8Esi o] & Ao® 4#A AUvk(Szischa et al., 2005). FHH o] FollA|
Fo]# 3 ¢ITH(Tanaka et al., 1995). hypothalamus-pituitary-thyroid (HPT)%-& &4 71700 $lo] 4
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Hdo] e AoE A Utk w3, AEYRE Fgox &



150 L

o] &} (Mancera and McCormick, 1999), A4 A& 223 45
2H8-510 2 A2l A kol E o gkS v A= o7 HIE T
I THDickhoff et al., 1989).

35 (Acanthopagrus schlegeliy® 394 3|4t HZo] /2
HrujAdo] st oo 2 YA Jrh(Kitajima and Tsukashima,
1983). H2oll= ol d BT A& g ez, TS}
o]&3t A Ee FUdd At EetA X

R =1 o 1=

q= s HAA oI o9} At BAEY Tt
Qo] me Y whe, ARt Jlae 24
84 A 50| 92 (Chang et al., 2002; Min et al., 2003),
LE

F MBS AV HRARS S S W, A 2 AE S
s ARE 3 E BlEl v =3ve d7E v BaE vl
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ol ARl Fat 3 4570) A 2 E 1600HE]E

Aol AREBIITE olF 8orlele AlGEHOR Sfella AR
siled, UrRle g wsslr] Hstel, 10% sirlln 24
A2 FANZ O R A 65U2F A-eA A

SEE 2| H AMF=A

G 2 AR Sold ZHEETEAA 168408 om, A=
77.4+14.4 gy& 7H2} 22F 02 Vplon, ko) ARAIA
Ho= F4E alle) FRP 284 220 Lol 2+t 20
o) migo g 83} & 1§ AlH0) TEES A
el FE8 AT 2 8 FT, STE, v ¢ 1§
& AREREE 33 2T (ES 2 #l9 PN, SN)R A7 st
90 ¢ ARttt ARl AHEE AlEE E548 EA
HE 42%, A8 7%, 24, 4%, Z3)E 17%, 24 1.2%,
%1 2.7%)=A1 FN, SNell 353315029, FT9} SToll+= T;(3,5,3'-
triiodo-L-thyronine salt, Sigma)S 99% o|er-&o] o ALZ kg
2 10 mg (10 ppm)S F2A 7] 3 of|ghs-S &3] A A5}
FFSA A7 5ot AlgE 1Y 23] wHEo g FFEIY
om, ARSI 7t ot 28 19.8-21.7°C o H, ke ujy
ZF A 5% o2 gt E Al 2 ARE AR 0,
30, 60 E 90¥A o AABHAT).
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Ao 2 RY FAE AF 7] ol FFE o7t oA
o] ol wAe Fee Hastetr] g8t AF 2417
2R AAAH A2 AHE tricaine methan sulphonate
(MS-222) 200 ppm-2 w13t ¥, heparin®] *{2]€ FA171(3 mL)
E AHESte] R EHAc RN H Asigon, Y4E4C,
10000 rpm, 5&)3te] A& A2 T2E HEAH71A] -80°CY
242 YEael BEastsich. 8% cortisol X cortisol RIA
kit (DSL, USA)E ARE-8ted HAPIH A S A H (RIA)CZE F415}
gom, 84 T,& T EIA Kit (Biosewoom, Korea)s AR&-3l] &
AHAZSAYEA)CE 243819 €% glucose, AST (aspartate
aminotransferase), ALT (alanine aminotransferase), Na', K' 2 CI°
2 Biochemistry Autoanalyzer (Hitach 7180, Hitach Co., Japan)
2, 8% AFFE 55 Vapor Pressure Osmometer (Vapro 5520,

WESCOR Co., USA)E ZAF8IHT).

ME U MEE ZA
A% 1 mm w29 ASHE, G HAA & (Navigator,

* Switzerland)& ©]&3l 0.1 g7k $EHOE A9 =

B ASERA, U0 ARAAS, A7 ARE, 258 ¥ AR
38¢ A
A7 7H AATOIN W ARIAE selsel o2}

=
¢ T3, olzRE ATLL AAsien.

SAHX e

¥ A TAAEE ANOVA-tests HAI8l] #2557
5% 41 Tukey’s multiple range test(2 §-7-Ako]2] 243 )9} LSD
test(Zh AN Fo)X9)2 Hahe] §-2)4-8 SPSS (ver. 9.0)
programs ARg-std 74 3EI3ATH
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8T,

T =T 3028714 APFAboloA fegt Ajo]7}
VR gigkon}, 60Aoll= FN, FTo] SN, STo)| Hla] &
gkom 3 FN2 FTHEU #2814 Bitth 905 o= FT7}
2] Ao Blste] E9kth FNO| 85 T; =& AN
AlAlel 3.740.1 ng/mIFE Aol 604A = 0.6+0.2 ng/mlE &
oAl Zasien, o0l AN FERY =4 St
sttt A7t FTe] % T, ¥Hsh= FN H)S:3F A
< B3 SNO| EF T, % AEMAA 3.6+£0.2 ng/ml
e Aol 60dAel 4.5£0.2 ng/mlZ F2J3HA F7)sIckzt
90 A= HAIA] 2072 B E Tt STollA = AEAMAIA
o 3.5£0.2 ng/mIE Ao] 30U 4.5+0.4 ng/mlE Z7}5}]
604 Aol = gk 5.0:0.7 ng/mlol] E23F 5 90 ol =
SN#} vl = AN FFEe 2 743t THFig. 1). .
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Fig. 1. T; levels in plasma of black porgy reared in freshwater and
seawater. Each value represents a means+S.D. (n=6). Same letters
indicate no significant difference among FN, FT, SN and ST in each
sampling days. *indicate differences between Initial condition and
sampling days (30, 60, 90) in each group (P<0.05).

82 cortisol & glucose

7 cortisol 60UANE A L3l5l= AR AlolollA] o]
ZH e 60l = FIF e AR Rn felshl =2
onf, 3] FN# FT& 22} 5.121.4 ng/ml, 21.0+3.3 ng/mlE
FT7} FNETE 48 A= =) E3F 593 2fole gl
ST7F SNej| va) tha: =& Aoz eyttt FT2] 3% cortisol
TEv AEMAIAG Hls] 60d R ol el dtAl Sk e,
90 Aol = TNAJA] FEHTE WLt 30, 60, 90 Aol FN, ST
9 SN¢| A cortisol TEE JMAIAS) vlws] B of z}o|r}
AJTHFig. 2).

FN, FT] 8% glucoses 2§77 SN, STl Hl3)] v
2 AL BACh FNY 8 glucose v AE/MAIA]
50.242.2 mg/dIFE Aol 60dA ol 42.7£3.9 mg/dIE 74315
o, 3 ST AAMAIAI) 62.0+5.5 mg/dIE Zlo] 30
ol 50.0£2.8 mg/dIZ Ao 90dAl o= B 7)AJA]
F507 3BT 28y FT9 SN A8 71759k W3lr)
AATHFig. 2).

AST ¥ ALT

FN, FT2] ASTE 60¥# 714 SN, STHT} Hton 3k
3095 5Bl FT7F ENEEF £-9]8}A] @bth FNe| €4 AST
£ AFMAIA 593433 IUWLFYE Aol AddFgAde
37.7£5.1 IULE fejstA] st en, FTe d37/iAA ¢
57.0£6.0 [ULHE Zlo] 30UAIFE 724317] Altsted 90Y
olle A&7l 21.7+4.9 TU/LE Vebstth SN, STS ASTE
HAE717-5< ©g7t fIAcH(Table 1).

FN, FT9 ALT= A&7HAAo SN, STETF 3k, o] &
2 APl felst AfolE RolAl Tt FN, FTE
AYFPAIA N 212t 4.0+0.7, 4.3+0.4 TU/LSE 7ol 305l
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Fig. 2. Cortisol and glucose levels in plasma of black porgy reared
in freshwater and seawater. Each value represents a means+S.D. (n=6).
Same letters indicate no significant difference among FN, FT, SN
and ST in each sampling days. *indicate differences between initial
condition and sampling days (30, 60, 90) in each group (P<0.05).
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Fig. 3. Total length, body weight of black porgy ieared in freshwater
and seawater. Same letters indicate no significant difference among
FN, FT, SN and ST in each sampling days (P<0.05).
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Table 1. AST and ALT levels in plasma of black porgy reared in freshwater and seawater

Rearing AST (IU/L) ALT (IU/L)
days FN FT SN ST FN FT SN ST
0 59.3+3.3° 57.0+6.0° 32.7£2.4° 28.3£3.1° 4.0+0.7% 4.3+0.4° 2.4+0.7° 2.3+0.8°
30 57.0+£5.3¢ 41.3£7.6" 26.8+5.8% 24.7£3.6° 2.8+0.4° 2.3+0.4" 2.8+0.6 3.2+1.0
60 54.747.1° 40.06.5" 22.0£2.0° 24.4+3.9 3.0+0.8 2.5+0.5" 2.3+0.9 3.3£0.9
90 37.7£5.1% 21.7£4.9* 31.546.0° 37.7+4.2° 2.8+0.3" 2.5£0.2" 2.0£0.3 2.2+£0.3

Each value represents a means+S.D. (n=6). Same letters indicate no significant difference among FN, FT, SN and ST in each sampling days.
*indicate differences between initial condition and sampling days (30, 60, 90) in each group (P<0.05).

£ 2.840.4, 2.3£0.4 TU/LE F2l5H 74&slgit). SN, ST 4
712452 Aol7h FIATH(Table 1),

8% Na', K, CI ¥ MASEET

AZAIA FA Na'e] 5552 zto|7t gllo, o] 2=
FN, FT7} SN, STRU} #2l81A ¥t} a2y, 2g A8+
9] ¥4 Na' v A87)7Hs<t dshzt )it R A87
o] % K* T A¥717-5<t zlol7t fIATHTable 2).

AN R Cre] 52 Al gl 30, 60
o= FN, FT7} SN, STETE foJaiAl &9kem, =3 90
Rjoll= FT7L SN, STETE =4t FNO| €4 C v 4%
THAIALol 152.343.8 mEq/LHE 7o) 30450l 161.0+1.6 mEg/L
2 fosA Zhstg e, 90dAldle AN SRR
Zaslget. FTe 84 Cr =9 W3} =31 FNa} #5374
&2 2k SNe| A O s5EE BN 153.241.8
MEGLER Ro] 60Ul 146.5:1.3 mEq/LE §-ol8HA] 74
o, 90 = MAA o= FESAL. ST E
AF7|7HE<t Wslrt glATh(Table 2).

6044 FN, FTo 8% A5HFEE ST gt} w3t

TS FN, FT9| 8% M5d5 5= A@7AIAe) ZH2} 354.3+3.0
mOsmvkg, 355.3+1.8 mOsm/kgsd Ro] 60dAol 342.3+5.4
mOsm/kg, 345.2+4.4 mOsm/kg® ZA8HRTH T 90U Aol = ot
Al NN o2 3E3IG T SN, ST A8717Hs¢t #-9)
gk zto)7}h AT Table 2).

Y, MS4E A dES

FN, FT, SN % ST®] 42 AA7AIA e 27t 16.8+0.8,
16.7£0.7, 16.7+0.9, 16.7+0.8 cm¥% o], Tl 18.6+1.6,
18.3%1.1, 18.7+1.0, 19.1£0.9 cmE ST7} FTRT} A4 go)
FrolsiA Wttt AF-S APMAA 2kt 79.8+14.1, 77.1411.9,
74.0£17.2, 785¢14.4 g0l Zlo|, FFEAA 12434262,
118.5+26.7, 114.5+19.5, 120.0422.1 g0 2 Ag3tH o1} #<]
g ztol= SIRITHFig. 3). =3 AEFEA ATREAFAE, I
HRAFHAE, FFE L ARA S YA o|oA Ro)E 1.
0]A] ¢kgkth(Table 3). A& 717HE<H FN, SN 2 STollA A8
ol BF AFEERon, FTY AE LS 92.5+3.5%% ekt
tH(Table 3).

Tablé 2 Na', K*, CI” and osmolality levels in plasma of black porgy rearéd in freshwater and seawater

days FN FT SN ST FN FT | SN ST
0 - 175.0+£3.0 175.6+£2.9 179.0+£2.0 179.3£1.8 3.6+0.9 3.8+0.8 3.2+0.1 3.3+0.3
30 175.6+£1.7° 176.0+0.7* 180.0+1.3° 177.2+2.8% 3.3:0.7 3.84£0.9 3.1+0.2 3.4+0.3
60 175.0+£2.0° 176.3+1.1* 179.7+0.6° 181.5+3.2° 3.4+0.8 3.6+0.3 3.240.2 3.2+0.5
90 174.240.8° 174.241.5% 179.5£2.0° 179.3£1.8° 3.8+0.4 3.8+£0.6 3.3+0.2 3.3+0.2

Table 2. Continued
Rearing "ClI" (mEq/L) , Osmolality (mOsm/kg)

days FN FT SN ST FN FT SN ST
0 152.3+£3.8 154.5+1.5 153.2+1.8 152.243.0 354.3+3.0 355.3x1.8 354.8+7.3 357.3%6.2
30 161.0£1.6°  163.0£1.0°  158.0+2.0° 155.3£2.0* 357.245.4 354.24+3.9 356.7+8.2 354.0+4.5
60 157.8£1.4  157.3+£3.0° 146.5+1.3" 150.2:£2.8° 342.3+52% 3452+4.4"  353.8412.8° 359.4+2.7°
90 151.842.2%  155.3£3.0° 150.0+1.7% 149.8+1.8° 347.7£3.9" 344.8+6.8" 350.0+2.8 351.8+1.3

Each value represents a means+S.D. (n=6). Same letters indicate no significant difference among FN, FT, SN and ST in each sampling days.
*indicate differences between initial condition and sampling days (30, 60, 90) in each group (P<0.05).
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Table 3. Growth performance and survival of black porgy reared in freshwater and seawater (FI, FE: dry matter)

FI' (%) SGRWZ (%) WGR® (%) FE* (%) Survival (%)
FN 0.64£03 0.38+0.1 4125106 599:164 100
FT 0.63+0.1 0.3240.1 34.146.2 51.443.4 92.543.5
SN 0.7320.4 0.3920.2 42.241.0 53.140.9 100
ST 0.74+0.3 0.3620.1 38.5+12.7 47.8+12.0 100

Each value represents a means£S.D. (n=20). There was no difference among FN, FT, SN and ST (P>0.05). FE: feed efficiency, FI: daily feed

intake, SGRW: specific growth rate, WGR: weight gain rate.

FI: [F/{(W+W,+W5/2)xD}]x100, 2SGRW: [WG/{(W:1+W2+W3/2)xD}]1x100, *WGR: {(W,+W;)-W,/W,;}x100, *FE: (SGRW/FI)x100
D: rearing day, F: dry feed intake, Wi: initial total weight, W,: final total weight, W;: death total weight.
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s ERe] kst el 71587, tiAL, AEEs B
ek Wel, f2], ARRURE 5y o8 AZojRoIA oln &
d# = Uth(Kime, 1998; Lam, 1980; Shi and Brown, 1993).
E]"j)r*‘} B Ao 991 AN EER] T B S)pAL

& g E] A Y AR ojndt PGS X=X 2AF
OP%U:}.

B dFde 228 ofA Y WY F, 5288 AR
°ﬂ FENA FHe ATRAES ARSsen, 2 A3 4
3 309AFH FTY €4 T, $=7F FNETE 9o, H3
Fo3 Aol fiort ST7F SNET 52 Aoz UrE}k%D}
°| R 73 Fo5 53 el Tyt AR g ofAld E<¢
it} B ApoMe T2E9 Sz e
*F%ﬁ}‘iiﬂ “’H% o, o&-&o] X2ld AEE FHsHe shamT
v s, AR ollehE-S $d3] S|

< ofA|9] G AE bR JFS
Q=rhs d A7 (Kang and Chang, 1996)2 2idld] 2
A-FNA = shamT-5 A SHA] LUTH.

€ @7l sllpAts 34 %(SN STY ARA7RAIALN Bla)
604R A Ty7F 5718 ol thadt ol AWE & QU
B Aol AR 60dAE A7IHSE 39 FEA R, o
C ;ﬂ;q,,___ 9 9 AL B ARl Ao A S S
< B3, o] AIZI7F A El ATl S ¢ AATHMin
al., 2005b). K3t Aoj3} o] F-E BIR 3 o2 ﬂ%—oﬂ*ﬂ e
2R LI 2R ) FEHE HLIHZ0E
% é?ﬂ‘c'?]—_/ UndZE ‘31“7‘/\]77%’3‘1 /\gxl/\ }.:L_-§—_E£
SAEshs o2 UA UTH(Dickhoff et al,, 1989). 4
Xﬂi Min et al. (2005b)ol] wF=H 29143 Ty7} G4 testosterone
(M s AHths 2948 B 9, & 479 €% T 45
3] Be & il Besial g ovjgith vk,
2 A7) FEARE: TN A e WIE 54
ZAaE Bied, oA W] SHeE g3 E 3
AR FFARE AEES A A 2 AR fJEiA
A GBS sl A Foll o3 T2 AAFERD 4
Tz Be s, i8S A% T 2EEe] o B3] o

13|

ol 4=

<

—“?:°ﬂ olwj A Tyt FroXe ¥ Aoz FFdth =4
T FFARE ofAo] AEHAR 3}%@_ T en, o
?_E} A 2EHSE AP A A 29 84
£ At T8 BHIE A7) Eﬂ—r"ﬂ(EEv‘é Tl T2
Aol B3 5°-deiodinase enzymed] E4L <A Tw7h
aag Ao Az & 4 vk a2 2 d7elN @7

N
>,

cortisol®] g FARSI 2EdS 9E3-2 ZARE A3 604
FN, SN¢| 8% F=7} 2kt 5.1, 7.7 ng/mlSi2H, FT, SToIA

£ 210, 14.6 ngmlZ 322 A7/t A7 & Je=
et 28y o1 g2 Y] Al 2(10~35 ng/ml,
Chang et al., 2002; Min et al., 2003)%] &%, cortisolel] <
& B glucosed] 5ol FEHA] B2 Aoz Hop 4|
REQF HFEE TR TS SEYAE A @ A
o2 Vet wepa] olgt AFE & o, 6049 BrANS
e EA T, 7+ o] 8= x| efdAd o] vk Azkgch

2 AodM 60%A FT, ST= 242t FN, SNETH 84 cortisol
o] ko, o]AL 2Rl Ty A el e A= Be ot
UREH O Z corticosteroide o1F<] M- oA|F}= Rt
e}, dakg|ol(Oreochromis mossambicus)|* cortisol 73 +5F
of A, B2 A1} GRAE Aol AAH Y 25 (Foo and
Lam, 1993a), B.2}-2-30(Salmo trutta)?} BElujololl A= 83
W) 2o o] i g o)|=7F B EATHFoo and Lam, 1993b).
22} Goswami and Sundararaj (1974)e 4 (Cyprinus carpio)]
URAME Aol 9o corticosteroid?) S-S 7FF3kaL dth.
T3k ZdES A, cortisol A ElE AVEBHE-S] AAMEE AL
Sl A LAFT2E WE S E E(gonadotropin releasing
hormone, GnRH) 4ol HZAQl 77} e ALE Hiy

I UH(Lee et al., 2004). o}A4Fe] AFNES & w), ¥ 3ol
940]/%1 T ;(1}]3;(—1& Agé]/\ =3 éz]?‘?} e 991-9-‘4‘ w
gk AR e A £E @A487IH, o2 A E
A cortisol?] 445°] GnRH £H]& #1024 Aj< = ujA
6 #AAT ZoR B )

ASTS} ALTE oF17] Ho] E42A AFF5ES 7} 715
Hell= dREARI AREA, o7t A7 de 5] 84
o] Wizt A 9] Irprt dojubAY, WE FAte] vERE o
= NEYE e BFe] &0l %O}X]ﬂ] H k(b

[U
o
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5, 1986). ol FollM= 20 sk, A4kd, pH, $EYo}, T
5ol )& 2E# 2 982 BrIshs wle] AH-ET ItkPan
et al.,, 2003). & A-7JA A7 A1) FN, FTS] AST & ALT
o] FE+= SN, STEU E%=d, ol g5l ne &
EYL Fi50] A FRER] adr] el Aed B
of vk AP717-51t ASTS] ®¥ishkE ZAM 43 FNI FTe
Z}zh APFF A 3090 ATt o Axbe S
Hio| 2EHAZ Qe &9 7 715 W IS
o) gt

AT ERL F2 dojH AARE H| RS /A
FroA slRe] o] FAl FlGA Sl Bdhs ALE UF
$ITH(Wendelaar Bonga, 1993). T=3F & 2ol & Horo]Eel €
otollA Ao Z T:% TS AHFUEA adol st A7}
BE vl Q= (Peter et al, 2000), Tsh T, Ael= ofrhy]
Na'/K*-ATPase €4S S7H1z1om, o]& Q18] €4 Na', CI
2 ARAFET AFith o] Az s ER]
o]F9 Na'#Z &4 o] & F58 FAFoa2N, IAFYZX
AL golsH st=s 23l AeS YEp Utk # 4
TollA FTek FNo| 874 o2 9 AFAs=s zols i
Ao R Hol HFARGS g El o] T; Aol W& ZAF
Y2d e Qe AR Yehget], o3& 2 dTdlA A
£3 3289 FE7} Na/K*-ATPase 4l G2 v A= 3
A o] obd = AL 2|u|d). Peter et al. (2000)] wh
2y e 3ro Mz are gy}l ofre Na'/K'-
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