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Effects of Orally Administered Thyroid Powder on Seawater
Adaptability in Hatchery-reared Underyearling Masu
Salmon (Oncorhynchus masou) Smolts

Kiyoshi Sovano*, Hideaki Yamapa*, Miyuki TATENO*,
Noboru Kasagara** and Kohei YamavuchI*

Abstract

Underyearling masu salmon (Oncorhynchus masou) smolts from May, June and July
batches were reared and fed daily with a diet containing thyroid powder (25 g/1 kg diet) at

3%, body weight. After two weeks, treated and control fishes were directly transferred from

freshwater to seawater (32%o) to determine the effects of thyroid hormone on seawater
adaptability. Serum thyroxine and sodium concentration as well as gill and kidney Na*-K*
ATPase activity were measured at 0, 24 and 96 h after transfer to seawater. There was no
significant difference in the serum sodium concentration between treated and control groups.
Gill and kidney Na*-K* ATPase activity of the treated groups were not significantly different
in May and June batches but were lower in July batch compared to the control groups.
Moreover, there was no significant difference in the serum thyroxine concentration between
treated and control groups. These data suggest that secawater adaptability was not enhanced
by thyroid powder administration. Probably, thyroid hormone alone does not induce a

direct effect on the seawater adaptability of masu salmon smolts.
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FrHEEOE R D REBHREFA~OBTICAIL D, $1k (smoltification) ¥ =T, =D
Sl oB Al - i L BERGTO R/ 24 - BN EL, BABCEOREY{RT
ABWE S L OCRHTBYE . TTBNELSEY SUEELKEE L BRTH S, Z0HML
HRCRRBEALVEVABRELTWBZ LR EL HLHS5hTVv5 (Hoar, 1976; Folmar and
Dickhoff, 1980) 73, #R{LicIsid 2 BRI+ & v DM BT D Tk ¥ 2R fp S 03 4%
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Y7 7= ARBMLEK L ER < — L LCAJIAERE Y Lz, 2 HoBrfbrE8oLAaen
b EIeAS, BEVKERCBHIH TRRAT STV 2 EkoFE, 1468 0FR) ©
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REAPCHEDLDONELHETS, Lil, “O0FERREA M IERRA T+ ERKRICHE
EBOEALCRER L OWBFRTOBRA(ILED R €1 + OBBHEE L RT OO0, BRER
BEEL & E DB R TS (SR, 1987; b, 1987), & OE@ARGEOEEL LTOE
BORRBOEEEIEHEA T3 (D, 1987),

AP, OERATL M CPREBHELYRETIZ LR L > TXOBKBEICELRTDES
D E S D, WABTEomRF ) Y ARYIET S & LB, kX OB Nat-K+ ATPase
ERYALI LRI DB L,

HHEFE

AEBRIF I OS2 5 < A (Oncorhynchus masou) 1%, JL¥EELKEMLBRIBCE
WA Sh TR BB TH B, S h bORADOFREBMRAE (e AEFF) (X546
H, 5308, TA2E»bFhFh2BRTbh, BKBTARIAEMEL D 2B B D
5H2 B (5 ALEkE), 6 A138 (6 ALHRM), TA16H (T AXRN) 03ET-%. £RR
B, FhERAEA LB, = b IHBER 0% ORIl LR A HBOREET
B (M 1) Oxer AV, ERFETEAD 2 20 b OFHRI R LEROBABITR
FRh#Fh 893cm, 1058 cm, 11.01em TH 7z, 2 EA + OHFIIMBEORALL, REL W ERu
WoREETEECL TfT- 1,

BRIENGES . FREDESESE, 5 An5 T AEToLA0BABTABICEILS 28R
M D Fotc, FREBIHE (Sigma T-1251, grade 1, idodine 0.67%,) 25g & IEB10gXEEAL
b DREAHK kg ¥BELALLOVREEREL, BRHED 3% KU rBEF Ll ¥
BRI, BRERE LS E /N ER ERAER RS Ly, ERBLAKRCS L1,

SEAKBTRER: TREMK YRS LARREE, £5HR 5 2 BHEICRKLE 32%, #
KABEEBF Ui, ¥, SBELRECEABT L, BAERE R 3EOBKBITRREEL
T 11°C Hs 8> 12°C 14R - 7m0 BB AT 24 BER H 3 X 08 96 B B i, & v ALERR & X OURE
Dk p7 3/ REER = F A THRE: LBRHE 2 YK L CRm L, 8 ERoBH 21T -7, &
i U7, 12,000 rpm T 5 SREL L CMEYS#L, BbhimFaiishr Y v skic
Sl EREALEY (FA kv T,) BORBCHET S ET—40C THRERF LI,
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FH L2288k X UBd 4 € 2 F 4 XEWK (Sucrose 0.25 M, EDTA - 2Na 6 mM, Imidazole 20 mM,
pPH6.8) THHH#H LAk, BERD 20 fEORBKTHE 2+ 4 XL Nat-K+ ATPase iE# DB
FBIZHET B ¥ T —85°C THEIERE LT,

mhF MY LRORE: fidF b Y v AR, M35 xl #FEEGAT L00L fEERL, EF
BXXEF (HIL518RY) »BIEBXSHER X » BIE L,

92 - B D Na*-K* ATPase iEMORE : #3 OB Na*-K+ ATPase i 0 JIFE LT
DIETIT > 1o 400 gl ORGEHK 1 (Imidazole 250 mM, ATP 12.5 mM, NaCl 337.5 mM, KC1 162.5
mM, MgCl, 50 mM) 35X ORISHK 2 (SRS 1+Ouabain 25 mM) & % &+ 4 X Li-54& 100
wl DEEEE 37°C T 20 SRS S ®7c8, K& Lic iron-TCA (TCA 100 g/1, Thiourea 10 g/,
Mohr’s salt 30 g/1) 10 ml % fn % CRIEREIL &, HEHEL /2 %#% Y % Goldenberg and Ferman-
doz (1966) HEic X Y WE L1, FrREHD £ v 27 Ei3 Bradford (1976) B & b BIE L 7=,

MPRPRBFLVEBORNE: MFOFREAL Y (T,) B, BHEENTSECLY
Suzuki and Suzuki (1981) D FEE U CHIE L 1,

HEHAE: BohclE 7R M ERRF-7 A M2 X VHAEY T, BRE P<0.05 %
EFEOBRAE LI,

# R

i Cop S =B 2% & FREVKEZR T Shicy 7 7 v A0y M nds v EE, ZRHD
REEBBABTLAROME Y v+ vEBOB(AR 2 KR LI, FRIENEK 2 BRI 54

151

% 101 %
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Fig. 2. Serum thyroxine concentration of underyearling masu salmon, orally administered
with thyroid powder, after direct transfer to seawater (329,).
{1, control ; 7], treated. Vertical bars represent the mean+SEM.
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DIk A e vE (0FHEO 2 vAER) X, EFFHOXNEBRE OREB) oZxhib
LEER R LT, TR HOBABTHEOMAY 1 v %o v B35 AERBECIT 24 BRI E, 96 RS
BEEAL, WTFhoBETcdBRBEALV e VABROLWIMEBTH -7, 6 BEBRBETIZ, B
KBT U REECHLT OB ENRALRIS, 6RRIEBCEZOEREE LK, ¥4, TRE
BT 6 AERE L BIEAEOEE YR L1,
fRF b LB : FERBOBABTHOMG T+ VY ABOEMN PR3 IRLE. B AE
BT, BABTE ORME) ot v ABRBS I ONBHEOMF» Vv s BIEZEFAER
143 8 X V139 mEq/l THh »7chy, KRBT 24 BB 113195 33 0204 mEq/l ¥ Tk ER L
Too IHIZ 96 RERB CXEHO L h b OEIIITE A Lic, R & DBEHDEICARELLDL
Richotc, 6 AERBOBABARTE, AL e v ABES L ORBROMEbF LV v 23
hFENR106 35 L0 107TmEq/1 £ 5 BERBEOZ A L ) b1 -7, BABITUREEOZ Lk
R E v ERTE 120 mEq/], ®BEETI2 13TmEq/l & ERLAb 00, FRIMEETH -1,
LaL, 6EEEB AL v UBEH SRBELLLOEYERL, ThLh 15X V1T9
mEq/11IZZE L1.0 AFERBEOBE LR, 1% v AR L HBHORoMid > + ) v 2ABKE
BE D ot T BERBETIE, WABTRK A £ v AUEE 134 mEq/], B 138 mEq/1 &
5 ARBRBO LN LT VERR LI, LaL, b AERFLRLD, 4 BHEOMPr b Y v 28
D ERIEL Bk oT, 6B B IEEEEE DB L, e VAR 160 mEq/], X BB 156
mEq/l "C“@f)fio
#20) Na*-K* ATPase 5&H: 5 AR CIIBABTROED Nat-Kt ATPase &1, W
B¢ 1.9 ymol Pi/mg protein/hr, 1 & v {LEFE T 2.7 ymol Pi/mg protein/hr & K<, &XBLT
BHHBREOFNMIEFOEMER AR L bDD, sA % v AEHO X hil 96 B B Tk
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Fig- 3. Serum sodium concentration of underyearling masu salmon, orally administered with
thyroid powder, after direct transfer to seawater (32%).
[, control ; 2, treated. Vertical bars represent the mean+SEM.
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Fig. 4. Gill Na*-K* ATPase activity of underyearling masu salmon, orally administered with
thyroid powder, after direct transfer to seawater (32%,).
[, control; 77, treated. Vertical bars represent the mean+SEM. * significantly
different from control at P <0.05; ** at P<0.01.

IR LIz E A LB E LD - T, 6 ARBRBE TR, BABTRENL S 6 AItE~NTE L, HR
¢ 3.8 ymol Pi/mg protein/hr, & A % v JUIEEF T 3.7 ymol Pi/mg protein/hr TH » 7o, WKB
T4 BRIBICEREDE & S L 723, 96 BB XBITROBEIERE - . T AERF TREXE
7, xHRBEX 4.6 gmol Pi/mg protein/hr & B B EERR LI DD, s £ VAEECIX
2.2 ymol Pi/mg protein/hr & HEITEMETH - 7= (P <0.05), #KBIT 24 B B TIXHHOME &
PE R BRI oion, 96 BEE CIINBE, srevABEOTAIETREH 70,68 gmol
Pi/mg protein/hr & F R L 7,

Wi Na*-K* ATPase ;&4 : Fio Nat-K* ATPase FEOFELEXR b5 iR L7z, b AKR
BT, B, s v AEFOBKBITRO Nat-K+ ATPase iG#i2 £ h £ h 169, 17.2 gmol
Pi/mg protein/hr T - 7o b3, ABT U BB R L VB BEHBCXLOERBI LI, 6 AF
BREOXNBHETOWABITR O Nat-K*+ ATPase {HtE i 9.2 gmol Pi/mg protein/hr, + & v 4L
B0 X i 117 gmol Pi/mg protein/hr & 5 ARBRFOLTh L b LEETH - 7o, BARBIT 24 K
BB ICIHAREOMEE & LA LA, 96 B B i 5B 3¥ 8.0 ymol Pi/mg protein/hr, &/ € v 4L
E2¥ 1.9 umol Pi/mg protein/hr & KBTI L NIGEVEIE TTR -1, 7T ARRBTIE,
KB TR OXHER D Nat-K*+ ATPase iE# i3 16.2 ymol Pi/mg protein/hr TH - 723y, w1 % v
M DL Tix 13.7 ymol Pi/mg protein/br & MBI HENTCHERIE, - 7o (P<0.05), #F
KBIT 24 R B CHMBEOE L DB ABTRLEBEALRALTH -7, 96 B H ik BE G
13.7 gmol Pi/mg protein/hr & % OEXEA L2y, &A% v ABEOZ il 17.0 gmol Pi/mg
protein/hr & 0L 7z,
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Fig.5. Kidney Na*-K* ATPase activity of underyearling masu salmon, orally administered
with thyroid powder, after direct transfer to seawater (32%).
[, control; ZZ), treated. Vertical bars represent the mean+SEM. * significantly
different from control at P <0.05.

* =

BEAEE~OBTEL > TR Z 584t (smoltification) XN, H£EHL X UTEHHE1L
REUEMLRKTH B, ZOSICBREKICHREIIBEESEL T 5 2 &% Hoar (1939) AMEMEER
CEEL TR, BRI 2y L@ OBBERRLEES L OBEN DS (Hoar, 1976; Fol-
mar and Dickhoff, 1980), L L, ${LBEZORRBEALE v 2 SDickLl 2 v FRBSECEL
T, WELEBRTNESSOMBYRLTV-5,

FlLofETice b FERERrEY (B4 edv v T,) BERETBZ L, FVvFy
(Dickhoff et al., 1978; Folmar and Dickhoff, 1979 ; Sower et al., 1984 ; Nishioka et al., 1985 ;
Patino and Schreck, 1986), X Fi# 4  (Lindahl et al., 1983 ; Boeuf and Prunet, 1985), = & / %
¥, AF =~y } (Dickhoff et al., 1982a), 7 = = (Nagahama =t al., 1982; Yamauchi et al.,
1984) TaIbh T\ D, ¥, 27 F<ATHAEABEET, O -7 HMEEEIh T\ 5 (Nishikawa
et al., 1979; Yamauchi et al., 1984, 1985), —“h b ofird T, 8D L& & F4T L CED Na+t-K+
ATPase {Eit & g AKEH 23803 %5 (Folmar and Dickhoff, 1979, 1981 ; Sullivan et al., 1983 :
Yamauchi et al, 1984; Boeuf and Prunet, 1985) & & 235, HIREE AL ® v itfEo Nat-K+
ATPase {EMEIZBI 5 LT\ B AT HEMEDSRIR S T\~ 5 (Folmar and Dickhoff, 1979 ; Knoeppel et
al., 1982), .

RERICHWI0OERRATAL ML, 1FRATA MR TEAEIGENME: (BRED, 1987;
o, 1987) 4, ZOFEEAD—>L LT, 0FRRX =L F ORRBESENIERREL LOERE
DAENZ EHEBEI TS (fED, 1987), ZhEC, ¥v ¥ (Fagerlund et al,, 1980) %
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KPEFEY # (Refstie et al.,, 1982 ; Saunders et al., 1985) TiX, BEREALEY (F V) =2 — Fy o
r=v:Ty) OROEEIBKPFTOERELYRDHZ EVABLAT WS, LA L, KRR TIE
REMREEICL »C,0FERREL P OWAKBEIGHELRD D Z LIXTE b, ABLERIT
7 < = (Miwa and Inui, 1985) 4 7 5 = (Ikuta et al., 1985) TdLbh, FhH~AD T, D
BEIBKEICEYREZ D LR TE b ol, DL, YrHRECK W THRE
A eV OWKBEISHEES TN T AERACBEL TR EENELRTE LT, FolBoHE
MMICELTBETH S,

2752 R0ERATL OB AKFEGEDOEXZ, WOBEERMBETTHHEE, HESE, &
&, BBE, BEBMKE (Loretz et al, 1982) DRFZRFHMNTHMNEL TEY, SbKZD
R T h R R OEEHCER L TV A TERIRINRT WS (D, 1987), LirL, &E
RTEIFREVERBES L > CLEERED I A< & bk X OERE O Nat-K+ ATPase &%
¥ EFBENTCERh o, IO, AAEVABRIASOBOEABICELED DL - LM
TERP- DT, B UVERUACHOBREERATREORELRARICRET S LAATE
Kiroledb D Bbhs, COFRELTEARRTALRIEL S, BRIBRERE S I hi-@
DMFBRREALEY (T,) BEXEML Ao ENELBREME Ly,

BRI L, T AZRBCRRRER R BEE IRy 7 5 < 20K L OBRE O Nat-K*
ATPase [EiIBHO L h it hRTEEBCEA L, chi3BEShcBREBHAL =V, TH
ERFCRIhooEBEH L THSHCIERA Licicd & Bbh 5, Dickhoff et al. (1977;
1982b) X ¥ v ¥ & CEBE®D T, A i1§0 Nat-K+ ATPase iEtE% L5 4, BERECOEMY
RN IHIZ % D ATPase FHERX TIF5 ERNTV 2, LchioC, SHIIFET AL E VDR
BRI OCABHME Y +FeRHT A LENRD S, ARECFRIPHRABCS L TT AER
BOfRk X OBHE D ATPase B0 LZSMEINCERA L2 &1, Fhbo0@ABKOFRE AL £
VIZ T A G EHNERNFEL TV B I EEZRLTWAD00E Ly,

BB ARBRCTHAVCCERIEHR ROBE R X CNBEHRITE, 0F&Y 2 5 <~ 20EKEGEE
FEDLIENTERDh T, BT T, o sr ey, $hbbEEHRLE Y (Sweet
ing et al., 1985 ; Richman, 1985), 7 » 5 7 # v (Richman, 1985), £+ 1 & v (Sower et al., 1984 ;
Patino and Schreck, 1986 ; [LIH©, 1987), 2 4 F V" — (Specker and Schreck, 1980 ; Schreck,
1982 ; Virtanen and Soivio, 1985), ¥ = + x v (Lindahl et al., 1985) 23 EH 3% = & BEIbh
T3, 47 RBREOBICRROBTVEE DR, “hbo#ir v MEHZERLDS =
LRV BEADBEEHLERBICERT S0, Hx0BRRYSBL BT EATERVE
LRHB, LL, 0 FRRELN OB 1 FRR L PR TEKEGERS > TWE T &
b, 0FEBAE L FOEBKELEOER L LORELXRNDILLCL T, ¥ 7 F<vRAREN
FOWBRBIGED AL E VEREEFELNACTEZENTESE NS LAV, &%, 5 T58R
BRArzevyoRE, WBHHEH IbEth~OREOEHFHEZETRFAL VDT,
KA eV & ERRDOERAL TV LOBEYERL TV SLERSA S,

L3 #

BT KERLBR TR CHART IR TS 275205 H, 0FRELTHRILYES
LicAEA S ANLTADERCEhZH 2EMPREME (25g/1ke diet) 2851, ¥
KBGEEDFEET B 0EHEBRE L, 8K (32%0) BAT 24 BRI B 3 L 00 96 BRI B iclih o>
FY Y ABBIOREREALEY (T, BRAETS & &b, 83X OVEREoO Nat-K* ATPase
El e CE LR, UTomBaEe,
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L WTFhoRRBFIRVCTh R e VLB, SRELLEBT U ERRBEO A MP
T, EXHABTROLR Y O LEETH -7, b AKRE T3 96 B H i sp R Lt
6 ARV T ARRE oL TN L7, L L, LEEBREOWThOBEETh AL v EE
oMt T, BrHBREOL L L » EVEHEER L, _

2. REBBPOMPT VY aBY, A1 v IBH I NBECEELAZRED ORI oT0,
FZAOERFED S L, 6 FERBEOMSF + U v ABHEABT 24 B B o Kb T F it
WEEZRL, ZOZL@ARLALAD I B 6 BiclKELE ARET AEEIYRLTW530D
LEbhB,

3. BAKXIV6 BEERNOEK L VOB Nat-K* ATPase {EMiY, +1 v UERE L WRE
DREICERRERRD bhith -0, T BERF CREBABITHL X CEABT 24 BEE 0 &
N VD ATPase BHERIRBEO LN L D b FBREN I, 2D Z ik, 2hbofKic
HFRBEALEVERNTHIEMELRDD Z EHRL T 5D,

# i3

COBMBETICHIY, RBRRORYE, WEFLROMBNILE -7, LEELKERIS
HIBNBABR I DL VAT HBBAOT « ESELBEL EF 5, £, APRICH L&D
MBS 2% - 1o, dLHLERFKEFHMKERBERRKEEYRE, SBOREE O KRB
BRFREDT « RH#T 5,

X 73
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