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Rockfish (Sebastes schlegeli) juveniles were fed with the diets containing 0 (control and sham), 5, 10 and 15 ppm of 3,5,3"-triiodo-
L-thyronine (T,) for 50 days to assess the effect of the hormone on the change of physiological condition, growth and survival rate.
Fish were fed the commercial diet by hand to satiation 2 times per day. After 50 days, food intake, feed efficiency, thyroid cell height
(TCH), abnormality, proximate body composition, growth, condition factor and survival rate were also examined. The food intake
and the feed efficiency of S. schlegeli fed with diet containing 10 ppm of T; was significantly higher than those of fishes fed with
the other diets. On the final day of experiment, atrophy of thyroid gland was observed in fish administered with 10 and 15 ppm of
Ts. T; increased slightly the abnormality according to the increase of T; dose. The whole body proximate analyses indicated that the
fishes administrated with 15 ppm of T: were the highest in protein content and were the lowest in lipid, but in ash content were there
a significant effects of Ts. The growth of S. schlegeli fed with a diet containing 10 ppm of T, was significantly higher than that of
control. The condition factor was not related to administered T, content. T; slightly improved the survival rate of juvenile S. schlegeli,
and the survival rate of fish administered with 10 ppm was significantly higher than that of sham-control but was lower than that

of control.
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A ZUe oF %4 A FHE FF9 At Agez
AAE 717 s, did F9 dA42 $5Y FA AR L £
BAA 98 A5 g Y Fh F 44 Ag dvd ZH
g otste] o3 BE &S AL Aot oA oJfE ¥
Hoj7tee v & A7 R FY4 TN dgoz FRAN A
oA Aulg - REFY g J4E F Sl Ve ALg 8
FI glon orjd wgd A A @ A7) B9
AT =go] oJojxn gL, o] F WEHTH A& &4

# TRY AN E wolde d7k A F9 gk

53] 14432 & (thyroid hormones: THs) o} o] F9] ¥ -
A FR 9 AE2g $4 Bodte Aoz HIAEA T
e A RE 299, Oncorhynchus kisutch (Higgs et al,, 1979),
Ak Aol Salmo salar (Refstie, 1982; Saunders et al, 1985),
n] 34+ &0}, Anguilla rostrata (Degani and Gallagher, 1986),
A7 4ol, Oncorhynchus mykiss (Fagerlund et al,, 1984; Higgs et
al, 1992) B #E, Chrysophrys major (Woo et al, 1991) $&

v a,

*Corresponding author: dykang@hotmail.com

588

4o 2 353 -triiodo-L-thyronine (Ty)& ©) €38 43L& 49
< AP gk FW e e ZAF, Acanthopagrus
schlegeli®t ZTE%, Sebastes schlegeli® ©]4% Kang and
Chang (1996, 1997, 1998)¢] B1E A9etn Fa¢ AT7ARE
Frol & 471 gith. olE9 A7 AT g9 4UA T8 EA
FAto] o3 AEE, o] ZEE ] Aol AFFH HELS T4
2 & gle Ao2 BYH (Chang and Kang, 1998; Kang and
Chang, 1998), 17 FEALA A4 7t540 £& A2 Ho
At

2 dFdAE Kang and Chang (1998)9) 2&FAbe] & 2}
Aole] vl AT drde g, 298y g fgez
A T8 A7 F9%d, J23 3, 4% £ 2 AEE A

2E Hos) FRAMA &8 ARE FESLA Y

=1 3=5!

Mz Uy

1. Agof

A¥oe 3% 65+05cm, AF 47108g8 ZIEF Aod
on AL 5097 23 wrE oz AXFY AMSFEEE 3001
okad £z (FE£F 200L)E ol 48y er, AHFdEE 1nHE/LR
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FA LS eE JFAEHFE ol gsgen, #4842 1Y 20~30
32 &Pt AEL F &2 250+ 04C2 2 AAFA FA3)
F9lt}.

2. AHET

Afel AHEE Alse 2YEF FA44 FEAE (D94 520%,
A 90%, HE 140%, GFFEH ZAHF 25%, 2 112%;
Table D&, Ty sodium salt (Sigmarh) & AHE3t 431e
T, $MEA 95% ogEe 9% K75 F3hy] 93 gzT2A
obrd AgE A %L control (¢]3 CONTROLT) % ol gh&yt
#7}8 sham control (©13F SHAMT)E AA3YY T e Ts
degol o AR 1kgg 7IF2E 5Sppm (o3 5PPMT),
10 ppm (°]8F 10PPMT) 2 15ppm (013 ISPPMT) ] $E2
Atz Hzbeted 2o 2 HYTE MA}AT (Woo et al,
1991; Kang and Chang, 1996).

it o

Table 1. Proximate composition (% of dry matter) of basal

diet
Component Composition
Protein 50.0~54.0
Lipid 8.0~10.0
Ash 12.0~16.0
Moisture 10.0~12.3

T, A7 %4 713k 509 TFolglen, M 487482 A=
Ao BALAN Ao, 1U AaFF AFE 237 3o

4. R|ojo] ZAM MZ EY, 7IHE Y HAE M

A FEA T, TREE 3N AYAEY 848 B3]
$8, paraffin Agol I3 ARE B4 23 FHE hemato-
xylin® eosinS.2 o]F G433 ¥ Fetd v TFq) o3 BN
F ML g0] (thyroid cell height: TCH)E 2384} &3 T,
of o 9% Fei4 V1ol ¥ LS Hodr] A, HAE £
BA] AETEE 00kl 8 7R 2319 VFAAE AFHA
. Tl 8 fdse F49 g o] de T, oprin] 74
2 AR AEEE FHLE AAIHAG. BT AL A T
FFE Loluy) A8, 48 F3A AIFHE A oAE Lo}
FEL Artgdzy, 99 AL Kjeldahl A2 FY, AP
Soxhlet +&H, &2 AP ez 1 ¥FS AU
(AOAC, 1990).

5. Xoje] MW, H|CtE W MEE

A¥oly Zolg RAY AAxe o 104 oz AR A
& ZA%d e n, 48 F8A] o|E YoERH Zol ¢
H373E (specific growth rate of length: SGRL)# #A Y474

4E& (specific growth rate of weight: SGRW)% Higgs et al.
(1992)9] el o3, MIW=E Moon et al. (1994)¢} ¥gel o
g AT, AETYE HAEEL ASVILE WY HA ARE A
F3te] AR

6. SAXz2

¥4 9 Duncan’s multiple range testddl & 543 AF &

cRkrg

1L HAE U MBEE

5047re] o} AH54% A, CONTROLT (314+2%)7F &
2 AYFEd ud fo3tA 9 AEAH4ES YT, §
A Fode QAT A¥7E A¥FLS [0PPMT > ISPPM >
SPPM > SHAMT &o|Qt} (Table 2). AA2ES I U &
AT vws 10PPMTAAM 962+14% 2 713 A e
i (P<001), CONTROLT (928+14%)7} 714 ¥& &g Ue
Wi

Table 2. Performance of juvenile Sebastes schlegeli diets vary-
ing in T; levels (0, 5, 10 and 15ppm) for 50 days

Treatment Food intake (%)’ Feed efficiency (%)?
CONTROL 314+ 2° 928+ 14°
SHAM 335£10° 933+09°
5PPM 338+11° 927+16°
10 PPM 345+ 9 962+14"
15PPM 343+ 177 945+ 1.8

'Values with different superscripts within the same column are
significantly different (P<0.05).
*Values with different superscripts within the same column are
significantly different (P<0.01),

2. Xojo] ZaM MEZ &Y, 7IHE Y HYE

T; F9 vpAlg 99l 5044, TCHE Table 33 2] CONT-
ROL77} 136+ 1.6 mE 718 3428 SHAMT (12025 ym)
2 SPPMT (101 1.8 pm) &= 9271 §iteh 28v 10 PPM
T (81+13pm) 2 1SPPMT (60+0.7 ym)E CONTROLTY
SHAMTo H]3] 2% ¥& TCH#E YeAT (P<0.0D).

A 718 8L CONTROLT 1.75+0.39%, SHAMT 160+
035%, SPPMT 2.10+£0.07%, 10 PPMT 3.10£0.28% 2 15PPM
7 (385+060%)7F 10PPMTE AT & BE APTEY
F3A A Jegon AAHoz B o T, 7] YR2TE
% w2 A%E EYd. 218y CONTROLT % SHAMT Ato|
de 937 YA (Table 3).

48 234 AP FE A AL £ AFAE Table 49 20
TR gHE 47T G E o} £ 5 Ut v FFe
15PPMT (589+06%)7} SPPMT (571 +08%)E A& BE
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Table 3. Mean thyroid epithelial cell heights (TCH) and ab-
normality of juvenile Sebastes schlegeli fed Ts-supple-
mented diets on 50th day of experimental period

Treatment TCH (ym)' Abnormality (%)?
CONTROL 13.6£1.6° 1.75+£0.39*
SHAM 120+25° 1.60 £0.35°
5SPPM 10.1 +1.8*® 210+ 0.07®
10PPM 81%13" 3.10£0.28"
15 PPM 6.020.7° 3.8510.60°

“Values with different superscripts within the same column
are significantly different (P<0.05).
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A &893

AYTFe) vg gov 1 9 T, 7 RTFETF Fo]E HolF
okt ¥ oA Ul A FEke A 1SPPMT7F 267+0.1%
2A d2TEq v F3, SPPMTY 10PPMT€ WE+E
3 & Aot A AR T % SPPMT*$ 10 PPMT7}
SHAMT Bt} g4 YepgAw F3¢ 38 348 & g

(P<0.05),
3. Aofe] ME, bjote o MEg
AP Aole AL Fig 13 2t Zo] Al doiMe

Ay AAA AA ddole HaF Aol 6.52+010cm X7}

Table 4. Whole body proximate composition (% dry matter basis) of juvenile Sebastes schlegeli fed Ts-supplemented diets on 50th

day of experimental period’

Moisture (%) Protein (%)? Lipid (%)? Ash (%)
Treatment
mean s.em. mean se.m. mean s.e.m. mean s.e.m.

CONTROL 69.3 02 56.6° 0.1 28.1° 0.1 1537 0.1
SHAM 69.0 0.5 56.8° 0.5 28.7 0.1 14.5° 0.3
5PPM 69.5 0.5 57.1% 0.8 27.8%° 1.0 15.0° 0.3
10 PPM 68.8 0.5 56.3° 1.3 28.5% 1.7 1528 03
15 PPM 69.3 0.3 58.9* 0.6 26.7° 0.1 14.5° 02

! Analyses were carried out on three samples (five fish per sample) from the replicate groups.
24Values with different superscripts within the same column are significantly different (P<0.05).
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Growth in total length and body weight of juvenile S.
schlegeli fed with the diets varying in level of T; (0, 5,
10 and 15ppm) for 50 days.

3047 A% 3 AA 840~855em=E EUE AL & 5 UAA,
AYTF) Aole BAY 4 YA 1 2 o] F AHF] A
F&x59 Aol Holn AY Z]A 10PPMT7} 980+ 026 cmE
CONTROLT (9.47 031 cm), SHAMT (938 +0.38 cm) ¥t} u}
E AAE Jedie A& 4 F sl ol RE YT AFER
™ 10 PPM (660 +020%)F7} 15 PPMT (620 £0.20% )94
aFol7b g AR, Ue A 2 dgFd uE w8 43 Jehy
v A% ¢ & AU (Table 5).

A AAY Asde 48 MAA HaE AF 470£010g01 %
W Aol Y F5 A9 10PPMT 2 15PPMT7H 44 1670+
026g, 1640+048gS 2 CONTROLT (150+035g), SHAMT
(15851 026g) Bk Bxon (Fig. 1), & 4974 94 448
< 10PPMT 240+ 14%, 15PPMT 234+22%, CONTROLT
206+ 02%, SHAMT 223203%, 5PPMT 223+03%9] &0
Atk (Table 5).

48 84 oA HYUEE Fig 29 Zol CONTROLTIA
1841052 714 ¥& £ & BH 1, SHAMT oA 19810622
713 %o (P<0.05). T 759 4% 189~19022 g=7E7
 #9% o7t YA, SHAMT B+ ¥, CONTROLT
Boe & %S qqgm

ATy 298 Hoj7t AE L o) Bl AL Fig 3%
Zol Ay 20Y7ZREHTE. CONTROLTANE AHS 10¢ 9]
98.8% AT Aol 20¥A 713%, 30UA 694% 2 HhEFon A
Y Z2EME 689+272% 8 BE AFF o4 MR & A
£&% BA SHAMTE 1047 662%, 20 44.1% 9 AEE S
Bgon Ad 2aAde 311£115%2 /M ¥ &2 ey
At T, 759 A%, SPPMTE 10979 34%2%H 48 &
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Table 5. Specific growth rate calculated for total length

(SGRL) and body weight (SGRW) of juvenile Seba-

stes schlegeli fed with the diets varying in T, levels
(0, 5, 10 and 15 ppm) for 50 days

Treatment SGRL (%)! SGRW (%)?
CONTROL 594 +0.14° 20.6 £ 0.2°
SHAM 5.75+0.05° 223+03°
5PPM 590+ 0.30° 223+03°
10 PPM 6.60 + 0.20° 240+ 1.4°
15PPM 6.20 £ 020 23.4+22°

“2Values with different superscripts within the same column
are significantly different(P<0.05).
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Fig. 2. Codition factor of juvenile S. schlegeli fed with the
diets varing in level of T; (0, 5, 10 and 15 ppm) for
50 days.
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Fig. 3. Survival rate (%) of juvenile S. schlegeli fed with the
diets varing in level of T, (0, 5, 10 and 15 ppm) for
50 days.

g9 517+£189% 2 Wolgow, 10 PPMTAE 1044 98.5%
ole Ao} AY FEAd] 549139% 2, 15PPM TN = 1044
966% Z5-E AY EEAd 400+51%E ol ARFHe=

T, 7E9 A&&L CONTROLT B ¥Awh SHAMT
HE 2gew, I FAME 10PPMTY} 71 =2 BEEE B
Aot

—

| &

THsE 159 4£%3 (Fagerlund et al, 1979), Hol¢ &4
A#EE (Degani and Gallagher, 1986; Ince et al, 1982) ¥ &
74% (Fagerlund et al,, 1980; Higgs et al, 1982; Saunders et al,
1985) &3 Fo B3] A& FANTe ez LA vk

3 % 994 THsY Ao & o] F9 44 5 & ¥
ATFAEY 93 FQE vk 121} (Fagerlund et al, 1979; Higgs
et al,, 1992; Woo et al, 1991), red drum (Sciaenops ocellatus)&
o2 ¥ Moon et al. (19949 979 AHEE ez ¢
Kang and Chang (1997)9} d7elxE 48 4 YA 2382
ZREY 4% 15ppm 013 LEEoME 48 7y TS
gage. 2y 2AESE ez ¢ & dTdMe
SHAMT-¢} Hl28] 10 PPMT9 1SPPM77F fFoxte fAT o
A Be 4AEE Yehlol, A% d7dA gAY T, &5
EFHE g8 & 4 o §¥ CONTROL7F viz) A A8+
7t #& A EFH 2T CONTROLT S SHAMT H|Z &
E3 SHAMTY &2 £X&, degy 433 a4z 345
Ak A 71FL gopatA] Xk £ THsE Fagerlund et
al. (1980, 1984), Higgs et al. (1992), Hilton et al. (1987) 2 Woo
etal (1991) 54 A7AM oAF o A2ELE FHIIE A2
vebth. 2y FleA ojFold #AE tiE 97 (Kang
and Chang, 1996)1 4 T, 10 ppmo] #9J3k glo] thd &E A}
RESS U A ojdoe o]FUT dBHE FotE 7 N
o gAgE 2 A7) A 10 PPMTF7E tlzF ol w3 F3tA &L
AIRESS B THs Ao 48 ARES 2 238 70T
F Q.

TCHE 244 84 NEEAM A4 THs A9 o3 Hsist
=202 984 94} (Fagerlund et al., 1984; Higgs et al, 1983;
Honma and Ikarashi, 1985; Kang and Chang, 1997). 9128 THs
Zole FAF WHHoMS} 2L positive feedback effecto] <3l
2% (Fagerlund et al, 1984)9] A44& EA3A7]AT,
chinook salmon (Oncorhynchus tshawytscha)®l 2% A=A
TSHY 4] oA, AN A2 724 2 AX8A A 5 489
HAo) o 238 A AL AL +& Yo (Higes
et al, 1982, 1983). ¥ A7l ME Kang and Chang (1997)% =}
A2 =R AN BAL 2ol B &+ AU, 2813 nega-
tive feedback effecto] 9% TCH #4 4% 948 & idh
ey o9 e AT AF#E A FE7 BF Sppm ool
A, BT FE AFAL 4Yd B 9 Aex MPA B4
A g4 FAEARE VA B FE A Aotk

A5 4 ¢ e} o] o] THs BFEAHL o2 of
2o 4 " v} 9t} (Fagerlund et al, 1980; Higgs et al, 1982;
Saunders et al, 1985; Kang and Chang, 1997). &y v
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g #H3e 29kF (scoliosis) £¥ ATZ (lordosis) 5 &
HAA ZA7Y AAE A= b (Higgs et al, 1982; Na-
cario, 1983; Weber et al, 1992; Kang and Chang, 1997). & €
FoME B2 HEE oUJAE, T, FAFE F7te ¢ ni
HE 2o ANE, oprln] 549 v & F 2F) ANE &
2 99tk o] A& 290} (Higgs et al, 1979), A ¥ Ao (Sau-
nders et al, 1985) 2 Z4E (Kang and Chang, 1997) 1Al Vit
¢ A7 9N Aoz A, THs Aol 93 ojF9 v 333
9 P W] ¥ Fort ¥ et FH THsE TF, @8
4 Ad 2 g4359 22 oAy AR 24 9L A
4 319k (Higgs et al, 1982; Matty and Lone, 1985; Plisetskaya
et al, 1983; Kang and Chang, 1997). & d79 A% 29 E&9
FEG JEL T; Fool 9 So|¥d %L UehliAle &
stk 2@y oz 9w AHL 1SPPMT7F Kang and Chang
(1997)3% Fagerlund et al. (1984)2] Q723 FASHA =27
o vl&l A vdegten vz e ve $FE By, of
AL T, 280 994 24 Zo, ¢l Y2 §A4 2 £3
74 (Farbridge and Leatherland, 1988)$} 7+9] 2243 A2
0|88 %ul (Fagerlund et al, 1984)° & AW AEEH At
o g Aeg Argdr

91914 THsol A% G079 A% £3& 299 (Fagerlund
et al, 1980), chinook salmon (Higgs et al,, 1983), @2t#o} (Ma-
tty and Lone, 1985), P54+ o] (Degani and Gallagher, 1986),
=A% (Higgs et al, 1992), F& (Woo et al, 199D R %
A% (Kang and Chang, 1996) 5& 53 &A@ 2% 20|, Ho|
AFH AARES T 2 AL9 Az H3 F 99 &
Qe B3H Zgo) o Ao Brh (Higes et al, 1992). ¥
AFAME 2928 ol o] 2 FA AZe] Tyoll o3 ¥

& GH9 9 4zzgo g3 AFH 2F 43l
3. AR 4L nA et AA2 AZdd (Farbridge
and Leatherland, 1988; Plisetskaya et al, 1983). 53] €24
THs7} 2844 2de Ad3dez 24 43E FUAHAE 4
Lol oA Hvtx #AE F2¥ 4 Aot Kang and Chang
(1996)& LFEY Ty} ZAFY MUEE FaA7E A& ¢
olyon B dAF 9A SHAMTS HZ3 T, 3% 57t #&
Hoe 74 4ol Ueh) THs9 2Z4%F Fuadee #d
Ae AEQE & Ao

24 THs #2dl g Ao HEE F4 Edte dy
o} (Lam, 1980), ¥° (Lam and Sharma, 1985) 2 Z4% (Kang
and Chang, 1996)1A &% & Ao o8& ZF= Higgs et
al. (1982)0 934 of o #AWA el HF THsS B F&a
g Rog Hu YA oy A 7|Fe 4F AYAe
FAZoE &R Aol gl I ol F ZAT%E THs7h oA Y
BAUWA (BaiEE, Uy, ExE) 2 2404 (Mg,

gd AA v538)d #9322 (Leatherland, 1982), 1A
o Hej8A¢ Z3AA (Kang and Chang, 1996) UEld Ao 2
249, 208284 oM 2E T,77 SHAMT BY 2
AZEL B dA 1,9 E2ad7) Qe Aoz FHEY 1
Hu o}7d AP A ¥YY CONTROLTAA dd3ez
& AEgo] Yol T;¢ Ay dd HEZ 27E0

ool ARE FHehd, AFH FEA 2HEF Aolqd
o] T,9 ATFFAdE ALY FHEY7} e A0ZE YERA
o T,9 Mo g 718E F7h Az B T oA
44 2 BAE ol EAE = A7) dEY 2HEF A F
ZEAMA T, AT5dE A58 448 £ dart do. 29
o2 B ANYE $AF A2 A7F FRAMS A T, o)
71eS A48y dME GFs AISEE AN T; 5 R
2oyl wE A3 HAEJ} o o|Fojxe} ¥ Aoz AZd

(@] OF
I =

292 S schlegeli 11019 A2, 4% 2 A& &4 vAE 3,
53"-triiodo-L-thyronine (T») &%E #9317 A3 T, 0, 5, 10
o 15ppmoE At Ao ATESHE.

A8 284 A8 2 AEELL 10PPMTVE 7MY =4 dE
wdom TCHY APEE7t ¥obd4S ¥e TCHE S Jehli it
28749 NPEL TAY $57F 2oH2A5E 24 vt 4
3 F2EA AAE BY 49, $23 3§ FFe AF7T 79
AE ol B £ Qx, dUF FFL 1SPPMT7E SPPMTE
AYe RE AFTF wid gted, A FFe A¢ 15PPM
F7t =27 wsl HUx, SPPMT Y 10PPMT€ 2T &
Aol7F Al 4878 Ho| ¥ FA AL 10PPMT7F A&
2 AAL B AY FHEA 980+ 026cmB tlETol vle] wh
2 AAL By 487 uuEe T,77) 189~19022 dZ
T Fos Aol vehhA Atch 4 AP TE Aol A&
£& CONTROLT7} 7F4 ¥%t3, CONTROLTE AYdtie
10 PPM 77} 8 Aol vate A4 ekt

Ho
rot
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