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Growth and Activities of Larvae Born from the Triiodothyronine-Injected
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We have experimentally evaluated the content of thyroid hormones (THs), the growth and activity of larval rockfish (Sebastes
schlegeli) born from parturient mother fish injected with 20 ug/g BW of 3,53-triiodo- L-thyromne (Ts). There was no difference of
L-thyroxine (T) levels between controls (sham control and control) and T groups in yolk-sac larvae just born from broodstock,
while T, level of T; group was significantly increased compared with controls. In addition, the both larval T; and T, levels in Ts group
were always higher than those of control during experimental period. Also, there were significant differences in the development of
larvae from the two groups. The larval growth in total length and body weight according to the elapsed days after parturition showed
the linear and curve equations, respectively, and the slopes of Ts group were significantly higher than those of control. The survival
rate of larvae in Ts group was higher than that of control. Although the survival rate in T; group under the condition of starvation
was significantly depressed compared with the control, larval swimming index in T; group was higher than control. Finally, these
findings suggest that the exogenous Ts could be transferred into hatched larvae in parturient rockfish by maternal injection, and
subsequently the exogenous hormone could play some roles on physiological metabolism of larva after parturition and may confer
a distinct advantage to the fragile larvae during the early developmental stage.
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o} dAd] o} FRAN AF oF e F3lxlofe] HfA,
B3HA BZ% G 93t 7"&%31-4 o FA ke 29l
olg 3 UAHoZ Aoje] HolAdF et YUY AEFH 48
Fol A A3 wdo] ojFojAo} dtt, 1HER 27| LY
717 B o5 WH S A gEd Ry A2dy 71EF
W3 oldidte AL u$ Fodtch 53 AN YEe Axy F
#4X3 28 (thyroid hormones: THs) 2 A3FE9 42318 4
B ME9 M3} (Shi and Brown, 1993; Tan et al, 2001), W)
(Galton, 1988), Z7I'2g3 A& (Miwa et al, 1988; Tanaka et
al, 1991; Kimura et al, 1992; Kang and Chang, 1997) S #
d3te Aoz AU FU AFY wAe g F7HFHY
THs 38& 4 A 4%, AZE 4 935588 37 E
4 9lon (Reddy and Lam, 1992; Brown and Kim, 1995), o1H]
AAAM Le& 4H F3d zoj9) THs (Tagawa et al, 1990)E
3l ofulel B4 U] THs w2l o3 walg o2 (Brown
et al, 1989; Tagawa and Hirano, 1989; Ayson and Lam, 1993;
Chang and Kang, 1998) #tole] 223 AFe] 9F& nAd
ol2{8k E 7+ Brown et al. (1988), Ayson and Lam (1993) 2
Kang and Chang (1998)9] 947 ZHIdAN AT # glon,
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BAFAE B 94 THs7 Ao 27]) 29 HE& 7
AAY AFHE AY3 glo], AN B4 7HeAe] gL 2
#u THs RAFAIYL 33843719 onjdA FARE o
GRAEZ Heol R3] el A& Jehl7] d&el, A
2 F 2 A ofn] 7 sFdETE o gl 3o, o
B £48 ATy Mde] 27HT Yot

ZY L2, Sebastes schlegelis T Sebastes £9 AFv &
Aol ot g oju e MM F3istx, o 3~493 ¥ W
A BAYAE duA HE 5 45 HAEA (Bochlert and
Yoklavich, 1984; Boehlert et al, 1986; Shimizu et al,, 1991)& A
Ui §le], A4z 2 S Yzt ez 244H ZAFA
We 24g ugs £ 4 Utk g £ dFdMe 43R
Z29EYH o g Y422 353-triiodo-L-thyronine (T1)& FA
3o 94 T:9 &l Ho] o ofd W& zoje X, &
2 AEE Fo vAEe 9 2L B3 FRAYMA 47}
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T, ZAFA 02 E3E 9937 93, T:& FAH v 10
mel ()¢ T8 FAREA && 209 W27 ofr 44 109
7] (ShamT % Control )2 2¥TE AASFAL 4Pl AHE
" ZE2EL T, free acid (Sigma)ZA ©1& dimethyl sulfoxide
(DMSO) 9l 20 mg/mLY) FEZ &3 o2, Brown et al. (1989)
o] Mo wit 24719 49 2R EF ofuA AF kgF 20
+3mg¥ FAEHL, ShamT 9 olu]o A= DMSOHE AAE
2 A% kg? 01mL¥ FARFAS 222 YA Control 7
AR FALAESE 7] 93 vlsE 2% ZHW FoU ofF
ojrlge APFY ofn] £z LG F FL 14~15C FHE
A% #elsth

2. EM R0je S22 ST 24

2433 ofnjolAl U4 T, FAF 48 &
Asgd, +38 Aoje T 2L A8 S AA
F2 A 3 ARE gauzed o) &d FEL AAN FAL
o)ZA FHld MAANFEE H4ETER 200mg A= AZFste
whole body NAEE F3d T2& 27 ¥4 w7t -70C
A B#sd zole Ao =FF T8 Tye Tagawa and
Hirano (1987)¢] methanol/chloroform® < 3¢ %31 RIA
2R M gAFEgeze b2 I-T, (Amersham Intematio-
nal Ltd.), I-T; (Amersham International Ltd) &, #A 2= T,
— &3] (Wien Laboratories Inc)9 T;— &4 (Endocrine Scien-
ces, Tarzana, CA)E 2t7 Abg3t4le}. o)) 58§ (extraction
efficiency) & TA 51~67%, Ts A 55~59% $ith. RIA &
T, intraassay coefficient of variatione 29% (n=10) ¥ interas-
say coefficient of variationZ 83% (n=10)Q3, T, intraassay
coefficient of variation 3.8% (n=4)%] 1, interassay coefficient
of variation® 24% (n=8)c}.

2e Aol
MIEEE

E

do 34

3. "X oY Al ¥ #Y BH

T, EAFA] o3 &4H8 Aoje A3 &S WIS do}
w7 9384, T,;F, ShamT 2 Control T8 ojF|2XE &AHd
#polE ztztel AlZbgz (2001, PVCAD S < 10,0007H2]4 33
HHE o 2 £43te 30U F AARIAT AHSTE JHEstY £
2 165+0.1C, 9% 33.8+02%, pH 80£0.1, DO 7.7+ 0.2 mg/
Lo 874 <& a8 FA Alole] Holz E4F 1~59L rotifer
(12 inds/mL), 6~1542 rotifer (6inds./mL)$} Artemia nauplii
(6inds/mL), 16~309& Artemia nauplii (6inds/mL)¢ ¢ &
HgAe (AFY 5%, 19 53DE EFT I A4 A
Aee H5FY71E ol 43 5Y BFoz AFS AT Ao
£ pooled sampledt] Aol dF FFE F3 AFS FAH
At AEE e 4¥70F HAAAE AFdd BYsigy, &
AR zolel AAYALE T 4¥7E dAEEE Fots B
steh ol & Al Aol 1007+E]E 2L HiolAd F#&F o, 3
2oz AYNEAN HEET AF HAATE SR =8
AF7Y Aolo) FHEAHE FI3] Ak, 22 ¥ 0,3,6,9
dx Ao}E 1mm HFL2 3o RAH Y& FAw (WA

10mm, Z2¢] 50cm)9l ¥ 1087 4945 (o] 5 AT, cm/min)
o S9UE (BRI jerks/min)ol AT 945 (F94%/
FANE)E 53 ZASYT (Tilseth et al, 1984).

4. A A2
g9 £42 SPSS-PC FAHNTAE ol&dte] dUZIEA
& ANEER, F993 55 Duncan’s multiple range test® ¥

a8 BAHA

A
=

=

1. &4 Xtojel THs ST

2% Aol T, FEE Ty T 1454024 ng/g BW, Sham
165+ 025ng/g BW 2 Control T 1.73£023 ng/g BWZ X2 &
% o)g RolA &Sttt o|F T, 7E 1594, H2TEL 20¥
A o)z AT FT Aeo) AN, oIF 2047 304MA Ty
T ¥E¥E 336~597 ng/g BWE 2T 1.18~431ng/g BWel
HE Ee g delld #3AFY T, FE€ T77t 1153+
1.50 ng/g BWZ Control 496+ 0.18 ng/g BWS ShamT 420+
0.12 ng/g BWell B3] &A% &4 sdAole ZE AYTAA
AYNLF 7L B FE BA, ol F i okAe B¥IA
O A¥FE2E T, A AN ¢ dE27E B 22
FEE fARoH, 53 259AE 265+ 066ng/g BWE §938
A &k} (one way-ANOVA; P<0.05; Fig. 1.

2. Xojo| M Y MES

20l AYIE JAEA 4% BAFE Bgon, 49
284 T, FAE ojudlA 43 AojE] JFo] 2T &
olo) W EA Jehdtt (Fig 2). AolY AFL 233 Fq
T:7 (601 +£014mm)7} ShamT (558 +0.12mm) % ControlT
(5612011 mm)ET t& ZAojAe BFE BAon, 244F 59
AoE T:7 698+ 021 mm, ShamT 6.33 +£0.13 mm, ControlT 6.
13+0.16 mmZ T, 77} B2 43S YA, ol F T,79 &
ol A&Hoz WE JFE Bion, 4PFENAE 136521
21 mm& ShamT 10.56%0.79 mm, Control7 11.74+0.89 mm %

e g€ Yt (one way-ANOVA; P<0.05).

AZAZ dolXe 43 F T,7F 3.62+0.11 mg, ShamT
3574012 mg, ControlT 3.58+0.11 mg2 ZE APTIAN {9
A71 ey, 4% seAdE T 5131017 mg, ShamT
442 +0.13 mg, Control T 4.68 +0.14 mg®.2 T;T7} Sham7 2t}
i AFo] wsit) o] 30¢ Aol Ty 21.80 + 1.15 mg, Sham
F 1890 £ 1.01 mg, Control 7 1940 + 1.08 mg® 2 e, T, 77t
YZTFEET BE AFAHES Boln YYD (one way-ANOVA;
P<0.05).

T,7 2 ETENAN 487133 44019 &L Fig 39
UER w2 24HF 5AAZAA T,F (91.31£0.5%), ShamT
(954+04%) R ControlT (962+08%)9 HEEE AHE &
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Fig. 1. Changes in T. and T: concentrations during early deve-

lopment period of black rockfish, S. schlegeli. Each
point represents the average and the standard error of
duplicate determination of three pooled samples (one
way-ANOVA; P<0.05).

ApolE HolA A 10YHRET T, 7N 857+£09% 2,
Sham¥ 788 +08% % Control7 856+ 11% ®t} 2 A&&
< el ojF o T, 7 dR2TE v A&Hoz &
HEEE FAYen, dBEEA E4F 309AdGE T T
428+37%, ShamT 228+3.5% B ControlT 29.5+46% 2 T;
77t 448 dEFE Bg 22 AEEE HYU (one way-
ANOVA: P<0.05).

3. Xof &y

T:9 EAFA] g &4tztele] €8¢ vwaly] A4F 24
WA 2 F984 480M T, 79 Aol ol 52 AR v
Bk S TR AAHAA AFHdFol g Aol JEE
2 T, 7oA gkon, 4 sURd s ZE A7t #HAsta
23y 2+ Sham T Control 9 Aole T, 7 Bo A&
717ke} Z2glon, AALSE &4 T =4 (Fig 4). Aol 9
FIAFE E4FFA T, T 076+ 0.04 cm/jerk, ShamT 071 &
0.02 cm/jerk ¥ Control T 0.67 + 0.03 cm/jerk2 T 7 Aol #4
8ol ko, olF 3¢, 6% % 984 FHYEE d4A v
A g3k (Fig 9.
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Fig. 2. Growth of larvae from mother fish injected with T,

sham and control (n=30; one way-ANOVA; P<0.05).
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Fig. 3. Survival rate of larvae and juveniles from mother fish
injected with Ts, sham and control (triplicated; one
way-ANOVA; P<0.05).
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oAFed W THs9 UAHE Fov 2ol ¥FFs F4,
Ao #£3 2 2EE f239 (Nacario, 1983; Lam and
Sharma, 1985; Reddy and Lam, 1992), 4o\ A&& $4A12
4 29 (Sulivan et al, 1987: Brown et al, 1989; Greenblatt et
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Fig. 4. Survival rate of larval black rockfish following to star-

vation (triplicated; one way-ANOVA; P<0.05),

Swimming Index (cm/jerk)

Days after Parturition
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Fig. 5. Swimming index (cm/jerk) at 0, 3, 6, and 9 days after

parturiation of black rockfish, S. schlegeli. Different
superscripts on the bar are significantly different (n=
30; one way-ANOVA; P<0.05).

al, 1989; Kang and Chang, 1996). 53], $e¥d] glo] THse
BAFAL -84l AAHHA (Brown et al, 1988; Ayson and
Lam, 1993; Kang and Chang, 1998), THs Fo"fe} &8 Hoﬂ
g =7t A&Fog o] FolA gt 2y o] F iR

Aee GAAFE 4oz & Aoen A7g e RS
4o 2 3 AL Kang and Chang (1998) 3 Kang et al. (2001)
o] A79d Folr7] Pt 2HEHY AL, AT oY
AL X R33te 2~3U7 HER 2AAAE AFE I,
o]F EAHE Fal RAEE MAEE E4E AU IT (Boe-
hlert and Yoklavich, 1984; Boehlert et al., 1986; Shimizu et al.,
1991). £3] olm] 9] AUelA B EHA EAAte Faxtely 3
7 2 A3 MEEC 9§ 34 (pinocytosis) 22 A& A
EZSo] F5HY A2, WA FeelM 24F 2288 uEH
AM2E E2E& FojA7le Wel 2¢E + Ut Ao 274

71E9] A AHEHE Z2E FAPoRE AAY, 4759

W9 93] ZAFARY Fo] o) olE Wy
ozl ¥ dEd A&ssHA E3u g 1
$ FEG N2 EF Aol Wy Age F ’\‘}
9UA z2EY %_}%a B £44 8 4 Ug A
A}, &3 29 BT e FE ez 3 44
L BExioldA 94Uy 2= %a ofnj& I FYdIde &
oA RAFAE FAIZ ofu]E B o} e BE 7] FAHEE
g2, ZAY TP A B} JyHolux FAsA EAS
o|A A £ Qlof ojmjBeld 285 AT AU E A FY
A BozA, O HARE A7 EFAY BLIA7)
g g £ gl
dutEo 2 7t gojd zloje §F T2 o} 4T Aitste
Yol gulEA oo} thAle] B WIED B FUYLE BN
el B 9E3trt (Lam, 1994), o1F Hol4dd A3 & &4
R JFYE HA @t o2 T ojv|EREY WY Y o
FEAY £YE GRAEY GFYP 4o o] RN, o]} L
A Z2fe] FWE £ Utk THsY A%, ojuje FE F4
YR EZ HolHe] (Ayson and Lam, 1993), 4@ %o ¢ =
oo} a8ttt (Kobuke et al, 1987; Sulivan et al, 1987; Ta-
gawa and Hirano, 1987; Brown et al., 1988; 1989; Greenblatt et
al, 1989) A& & dein Aol & £3JF Aoje A
2 HYree ¥ 43te, ojAe FUsty vud 443
T RES QY o FEAY 2719 23z Bl A
e Fort desdit gt B g7 e THsE €439 =
HEg 20449 835 Fol7] 93 dyozA 43R 47
ouE WALE T:& FAEY zlole 4ZF HE & wA=
FEE st Kt
B A1 A3oA T, EAAA A FAE F4kgole &
Y4 A% 9 AEEY TAH ATE JeE . ol g ¥ ABE stri-
ped bass, Morone saxatilisS W42 2 & Brown et al. (1988;
1989) 8] ATl M= RS uhe} o] 279 H]E T, H& T
EL AREY AELL Y9 2gEdd o Ho TEFHY
el 71Qdste Aoz FFE & glon, T3 Salmo irideusol
A ToF 299 guanine 22 [MClglycined #4& 5342
the Matty and Sheltawy (1967)8) ATFZAI}o] vjFo] £ o
THs7F @93 djile] #oste] 2AHAoz 44& A 7%
Ax 94€d. t&ol Jackim and LaRoche (1973)« T, 2%
ol T,X killfish, Fundulus heteroclitus®] <% @9 A ¢to g
L-0-“Clleucined] £3& F7HAZdte AHEE ¥3 3, Narayan-
singh and Eales (1975)€ Tt FAME0l, Salmo gairdneri®t
brook trout, Salvelinus fontinalis® 7+ % of7tv] W2 @¥iZ<l
L-[1-*Clleucine & &A% v} 3lo] 2 7154 S sy &
o} o]E ¥ THse 2A FAbel] 3 ojo] JFEHL striped
bass (Brown et al., 1988), rabbitfish, Siganus guttatus (Ayson
and Lam, 1993) ¥ S lalandi (Tachihara et al, 1996) ¥ %3
£ (Kang and Chang, 1998) Bl 2ol & 4 9lch. T3 THs
EAFALE 4409 AEEE P2+ U Striped bass
o A4, Aojd T,& FABA zpojo] AEAY A HEF Ao

rlo

_Yl_‘z.nz‘.
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o] A&gol FAH UM (Brown et al,, 1989), rabbitfish (Ayson
and Lam, 1993), £%, Oplegnathus fasciatus (El-Zibdeh et al.,
1996) 2 goldstriped amberjack, Seriola lalandi (Tachihara et al.,
1996) FAME A& Fo &AAE uh Utk Goldstriped
amberjackl A T;o] Aelol s AH& 367 F Aojo HEF
27 Ha 1200707 2obd AFHE Yt & dFANE T, 7
7h 2% 159ARH 48 FEAA iz vE 2 4E
& Uelden o] 88 JdFANT T, AT AojE9
4o & ALE veytt ety EAE F3 dojd AN
Tt €43 F Aolo] qAHEAYE FUALLZA, 88 447
42 9id FaALd g3 4 € AES) FHE Ao
agit=y

2 479 2R%E 3o 4 THs ZAFAL 2088 =
olel Z714% el AEE T4 582 & &0 FUAHNL
Dz doz o Wy 84 FUE A HF FA AH 2
2o g 2ok A2 AELHA AT} o] FojA ol & A
o2 "oy,

(@] ok
I =

E370e due 2928 A 20 mg/kgHlF FEE 35,
3-triiodo-L-thyronine (T)) & FAM H, &4t Aoj2 o) 328 A
ol B Aol AR FHE A iAol Mz E
25 84 23 2445 T, 77 HETF BY 22 T, 58
Ueh oy, L-thyroxine (T)9 F=& HZT79 {9427 oo
o 3y 4712 Bt AW RE AT RAMI2E F
=€ T Tl v ddidos win APFHERE T,77 o
279 H3 5& A& ¢ F AU Ay AFELE 2T
H3to] T, oA gton, 43 AAYLd wa e A
3% AFE JERT 4884 AEEL T, 7Y A7t o
Z7) ¥ =oH, FYEAAME T 7Y Aozt gz7o
B3 o dtA =tk 2AHA T, RAFAE AR 9ed 43
MAI719 Ao 4F 2 A8 FAANAE W %59 Aoz
e ol4e] A7 AR2 R 248 ZAFAE Fid 99
A T7F Aol2 Aojgu] Hojgd 32EL 4% 9] Aoje] 27
2g7] % HHes THAH F4E & JoE 590

2

Ho
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