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Changes in Plasma Sex Steroid Hormone and Vitellogenin Levels during
Gonadal Development of the Spotted Flounder, Verasper variegatus

Yoon KiM, Hea-Ja BAEK, Chang-Hee HAN*, Katsumi AIDA** and Makito KOBAYASHI**

Aquaculture Division, National Fisheries Research and Development Institute, Kijang-gun, Pusan 619-900, Korea
*Department of Biology, Dong-Eui University, Pusan, 614-714, Korea
**Department of Aquatic Bioscience, Tokyo University, Bunkyo, Tokyo, 113, Japan

Annual plasma levels of vitellogenin and sex steroids were investigated in relation to the gonadal development for understanding the
endocrine control of reproduction in spotted flounder, Verasper variegatus. The plasma vitellogenin level was highest, 6.36 mg/m¢, in
November when vitellogenesis was most active. The level, thereafter, decreased to 3.81mg/m{ in December with the initiation of
spawning. On the other hand, estradiol-17 B was highest, 2.7 ng/m{, in December, and rapidly decreased in January when spawning
occurred. The decreased level of estradiol-17 5, around 0.2 ng/m¢, remained unchanged until May. The profiles of plasma testosterone
were similar to those of estradiol-17 5 in the fish. The plasma 17 a-hydroxyprogesterone level was relatively low throughout the
spawning period, but increased slightly with the initiation of ovarian development. In males, the plasma testosterone and 11-
l((etotestogter()'ne were highest in December when spermiation actively proceeded, but rapidly decreased during the spawning period
January).
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A 2 A 8t ZE RO AR 3 44, A Aol 4
o] 2ol o] FJAHA (Kim, 1996; ¥ ¥, 1998, Baek and Kim,
YtA o2 olF Fo gt upd A AL ZFef w4 1996) ©] ¥ A& Ardo] #ests WEN T A7t 249
71§ Zolgte FUI4E BoldA QAR & 47 FHRE A a78d,
A-edd AAANETL AREo As, wi@Re) o2 o gEtA & AFelMe drtAv]e] oL wedAd uE
do] fAde AN 7]5S Aujste YAUENA T=2£9 B 7% dgo) /AARE AFSaA vitellogenin, estradiol-
Ao Ao, 23 oL d FrFH0Z WFde L, F 17 B, testosterone, 11-ketotestosterone, 17 a-hydroxyprogesterone ™t
F71 59 ¥ BH8A J&std Jojudt} (Aida, 1991; Yo- 17 e-hydroxy,20 -dihydroprogesterone?] 8% 5% M3 & 248}
shikuni and Nagahama, 1991; Jalabert et al, 1991). Aot
HANE gddAd ©& ¥F vitellogenin (Ao A
T3 estrogens, androgens, progestogens® E& 4 2H Zeo]x
T2EEY ¥F Wi oFY 4sAH ol 44FVE B
cd F83% 8902 83} (Han et al, 1995; Kwon et al,
1990; Nagahama et al., 1993).
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B AY) A8 H7HAEE 19929 1285 E 19939 119744
%32l A BFRA7IN 027 WF estradiol17 g8 Fxe) VG 1HH FATRAAL A A4Y, 2% 24, 220 29
wel G#EHo] AR GEMEs} FE2HOR YLEo ujd ’fl"f‘ii qS ?“;?l’qxg"’i]*‘] O?QQ_ Aoz 79 54 €0 ¥H=2
5% FAE progestogens®] FE WS LHE #do] o Aol SAHL olF WAL AN AHE WY (FXE
(Goetz, 1983). $79) Aol AAYR Belshe wew g = 0% 5, WA AF 20~40em, £ 17 280~300cm °]
Z2202 B2 ofFdA testosterone® 11-ketotestosterones Al el 74, Kim et al, 1998_) %g o z:H?ﬂﬂ: A A A%,
A1 ed, BF olFANE AN 1T ohydowy20p e % S FTEASAAD. ARY GAe AU ¥
dihydroprogesterone®] #eldti &€ HBAT (Fostier et YAurg 3o 28 B4 dztx —70C HBEH.
al., 1983, 1987; Nagahama, 1987a).

W7AA0) (Verasper variegatus)® £7%Ho2 7havlo15 1. Vitellogenin (H@EHH 2] M7H) £3
(Pleuronectoidei), 7}A7] 3} (Pleuronectidae) ol £3le o F2A 8% vitellogenin ¥% 573 EIA (enzyme immunoassay)¥
(Kim and Yoon, 1994) $21b2 A s} 2 g Fyepy <2 B3R (Han et al, 1999).
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Yol 4Tol A &5 i X5 welldl FUL 447 ¥ PBS-
TA (0.05% Tween 20, 0.15N NaCl 2133 0.02% NaN,7} £%
# 0.1M phosphate buffer, pH 72)2 well 33 A Hs Q)
&4 (Kim et al, 1997)F wello]l ¥ & o o] £ ¢

2o well ol FA7F 84 d=& 317 43¢ 001% NaN;7}
&€ PBS (pH 7.2) 2 #43 1% 9] BSA (bovine serum albu-
min) £4-L 300 ufA 7t welldl 9] 37CAA 2412F Bt 1
A A BSAE F2A20 F PBS-TAZ 38 A AU oofA
olul AztE & JFYRYA (Kim et al, 1997)& PBS-TAZ
2,500u} B At Z welloll 200 ub® $of 37CAA 147wk
AL F, well 99 F3E g9 AgHA A o] F
PBS-TAZ 33] 438 H alkaline phosphatase’} A€ & E
7l 1gG @4F (Sigma)E PBS-TAEZ 80008 4% & &
wellol 200 u€# ¥o] 37Co A 147+ wh-g A7l 3 PBS-TAZ 33
A H 34t} o]oJA p-nitrophenylephosphate® 0.5 mM MgCl,
7} &850 A= 10% diethanolamine buffer (pH 9.8) 2 0.1%
S0} HE2 &5t 4 wellol 200 pl® Bo] QLN 2413
UEA1 7L & o] 59 HhE-& FAAF17] 98] SN NaOHE 100
3oz waE oS Zh welld] Wldke] 405 nmol

Standarde E7|o] WA 4L 3 G EH S PBA-TA
2 25008 5 A3te] Ggol ALEEACH EF gel o Hol] 23

22§ d39Hd S 0.1M sodium carbonate buffer (pH 9.6) 2"

g 45ta] 78 ng/mlol Al 1000 ng/ml 74X 8BHA 9 standard® A2
37 4=8

BAEFY ¢ 8F NS 22 sodium carbonate buffer2
50,0008 BAA7 F AREEY T
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WA Y A estradiol-17 B, testosterone, 11-ketotestosterone
# 17 a-hydroxyprogesterone@ 17 a-hydroxy,20 -dihydroproges-
terone® ¥EZAL RIA (radioimmunoassay) § L2 o] Fo}H 2
B, 2HZoE FEMFH RIA 4L 4E F4Ue T
FAT o FA A A o] FojA

£ZHZolE £22 A 250 plol] 2.0 mLQ] diethyl ether® 37}
ato] F EF F 5~1087 —80T FHZ TG 4EY &
&% (free steroid) T A8 T 4 U372 ¢4 A
ANZoH, A9 FE04-& 28 vtE AAGAY. 279 F2E
1mé9] 0.1% gel-PBS 544 (pH 7.5 ML= o} AL
7HA =20Teo] BaH

2HZOE T2 ZHL Aida et al. (1984) 9] o) wghc},
3.84~0.03 ng/mé74 A 8EAE wEZ standard®t ANE 47
200 pfell *HO 2 WALEA R 2H 201 (NEN#H AmershamA|
£) 100 p (2 10,000 cpm) ¥ A7} F 34 A E 200 ufB ¥
I AHRAIA 4TEeA 12 AZE B¢ EAIAG 3 gAY
A8 0 feldE Eest7 98 DCC (dextran coated char-
coaD S 250 pf® H7bste] 4ColA 1587 A8 F QAR
(4T, 2000XG, 15min) @ H, 2% F54E At o979
389 scintillation cocktail (liquifluor®} toluene® &3 4
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Estradiol-17 B, testosterone ¥ 17 a-hydroxyprogesterone®] t &
FAE SigmaFFE& AHESFA L 11-ketotestosterone® 17 a-hy-
droxy,20 -dihydroprogesterone®] ™3t I = YL FTYHIZAE
g AFAzRE AFLe AL AEIAH
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1. 83 vitellogenin ST FHMS}

Fig. 10 Yehd vigl o] A&7171 AlztE e 12€ (Kim et al,
1998)ll vitellogenin® FE=E 381 mg/mé o|on, F A<l
149 228 mg/mé, Atgto] A9 FaHE 2¥e 059 mg/mlZ &
A3 22t olF 7€ (A, 027 mgm) 74HA Fe TR
FAHGIE WrkAn) davt v 257 AFEe gdRH U 5
A3) Z7hE o] 240 mg/ml, 9L ol 2,96 mg/mé-& VER) AT Abehe]
AZF7] A 11¥9E 636 mymzE 4F XS HYn A
Fo) Aztse 1289 g ZaEa

2. 83 AHR0E ST FAENE

A2 A Fig 291X E vitellogenin §/ o] #93% estra-
diol-17 8% ¥F wsx< 19 (AA7DAAM 59712 & 3t glo]
AF N L T2 (T 02ngm) 2 FAHGIL 68 o] F FA
F7H8t7) A1Fste 1249 ol28 H1XA T 27 ngnlE 1}
2285 e 3=

Testosterone 5 RST UdH O 2 estradiol-17 o+ A &
e AEE BAo9 17 ahydroxyprogesterone (17 ¢-OHP) &
Yart €48 HT) Al Fete 68 REH AT AFHA 108E AY
Bic dutdoz v rre F3d Wile HolA ¥y

FHY AL BAY testosteroneT 11-ketotestosterone FET

12€9 472 XY 08 ng/mls} 235 ny/mbE et on] 1Y)

7 =
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Annual changes of vitellogenin in female plasma of
spotted flounder, Verasper variegatus. Values are
mean + SEM.

Fig. 1.
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w48 g2 (Fig 3).

3. MAlL YUY € AHZ0|=9 #3

B7tA] dast Fae 2283 wddAd @& (Kim, 1996
Kim et al, 1998) A42F 24+ (GSDS ¥F 4 2H 2=
2 UgE #AHEA Fig 4, 59 2ot

Fig. 491433 @49 A$ 7942 EF3d9d d2A%s}
8737l MAde gaQ7ie FEUAY GSIe AH3 e
@e FA8L, 4 2H R0 dA 170-0OHPE AYstie £3
g WistE HolA %Y. GSIY FUhst ¥4 dE 2V £8dn
d3to] A A 719 estradiol-17 B testosterone =&
7tete @9 170-OHP= 7 %2 #E Y g57]44A
@712 Qo7tAA estradiol-17 B9 testosterone?) F& W87 F
HA3A #adte Wi, 17 0-OHPE U4 3718 4$2 B i,

A&l A% GSI9Y F71s $A ARAEEC] LEdte DAl
testosterone®] FET A7 7487l A&t 1-ketotestoste-
rone® BEHA FAG (Fig 9). ol F FAZZZ FHolgdA
testosterone @} 11-ketotestosteronee R Ao @39 (42} 0.735,
1.049 ng/mf) £3] 1l-ketotestosterone® & Wal= F3&A @
28 £ U ol GSI = ¢ =4 vEsdh Az &
BEkA HEodRe Alde GSIY A FA 11-ketotestoste-
roneT §43] RopHom o]F HEHZA YR, testosterone ¥

Al e FEE BEHAG.
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Fig. 2. Annual changes in plasma levels of 17 a-hydroxyproges-
terone (17 a-OHP), testosterone, estradiol-17 8 and 17
a-hydroxy,20 p-dihydroprogesterone (17 ¢,20 f-OHP)
in female spotted flounder, Verasper variegatus. Values
are mean = SEM. ND: not detectable.
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oJFY A4 2EHRA F estradiol-17 2 F TS
dubxoz dawadA I3 GSI W3 dA e
GEAE d@3&Ho] B3] IYE 9 estradiol-17 Y F
F7tste] Ard 3 G4l g3l o 33 i, o
G719 estradiol-17 B0 vitellogenin® FAE FZAAZTE
Rolch (Fostier et al,, 1983; Whitehead et al, 1983; Kobayashi et
al,, 1986).

£ dFdXME W7tAu g Aol Al&E7] Al 11496l vite-
llogenin $=€ A% H1gE vYeplidrt F A&7 1€ o) %
estradiol-17 g2} S2 3 Fxwsle} A T4,

R
POUNE xS =)
fo orf £ i

AR FAUEHH A testosteroned] HEL M3 FEH
3t A4k (Matsuyama et al, 1991) A 20]= fALEA AAFHA
j=]

ol BH testosterone estradiol-17 p A4S ¢ A7 EHo|=
2 ojEY AFFE W v %d AEYE Holu diwddrd
€ FZHST estradiol-17 g0} o F3iEA #HEHUG
ojgle Ae @AY AAF] FU testosterone FH HE
HA gged oA g2 &7 testosterone®] estradiol-17 B2
A8 AY EE estradiol-17f #4& 9& I pathway 71574
& AAsES T (Matsuyama et al, 1991). ololXe B33 Ao
#4251 A7 FAEBAH estradiol-17 § & Fadte
W testosterone> 57t B8t (Tamaru et al, 1991).
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Fig. 3. Annual changes in plasma levels of 11-ketotestoste-

rone, testosterone and 17 a-hydroxy,20 S-dihydro-
progesterone (17 2,20 S-OHP) in male spotted floun-
der, Verasper variegatus. Values are mean £ SEM.
ND: not detectable.
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Fig. 4. Changes in gonadosomatic index (GSI) and plasma
steroid levels at different developmental stages of ovary
in spotted flounder, Verasper variegatus.

o] AL progestogens®) Aol o3 FQ AL BAL =Y
A gE 342 ABIE BRAH Yt eoz 2399
o} (Nagahama, 1987b).

A e F2T 4 2HRols 3EREOR 4#A 170
hydroxy,20 B-dihydroprogesterone®] % ?Ei%— 5 ZAEIY e
4B AgdHE 2304 gt A a7 wikgue

17 a-hydroxy,20 -dihydroprogesterone® 2| (in vitro 2 8)l| 23|
Wi A%o] $EY%0U (Back and Kim, 1996), in vivo A3
A= b AsE @~ pym) 2 EARAY £ FEHA
Stk 5, 1998). @ekM £ F9 ¢ 17 a-hydroxy,20 -
B A T2 Asd F9AY ofY
Ao 2 AZEY (Back et

dihydroprogesterone™
o ogEg Asdd 1280 EA%E
al., unpublished data).

AE0F 3o UM testosterone FEE FAHE

Z7rstthrt A&be] WE (spermiation) 7t A A E W FA)o) 743}
B, 11-ketotestosterone- BA42) W7l i £ F5& FAFT
7} ol % ZAEy] AlAggan Budtg o (Fostier et al, 1983).
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Fig. 5. Changes in gonadosomatic index (GSI) and plasma ste-
roid levels at different developmental stages of testis in
spotted flounder, Verasper variegatus. ND: not detectable.

al, 1997). 28y AHolal £3e 7% ARIA7] B testoste-
ronee 43t F74e07E AAWHE A AFHEA @A F713te
] b 2 22 FAHG 44 & S48 FAsA
o] A& testosterone®] HAFA7IZF Heh AR o o 2o
#d@y 892, 17 a-hydroxy,20 p-dihydroprogesterone® 3
AFA7IS AU 2H & FEE {FAHYGL KR
At (Matsuyama et al, 1991)

YREe dojfo YolfE tidoz & Bid 93H 170
hydroxy,20 f-dihydroprogesterone®] S &2 iAol o] T3t
o sk mEA A W 11-ketotestosterones A 8HE
B 17 g-hydroxy,20 f-dihydroprogesteroneE %7H8tthe A
t} (Fostier et al., 1983; Baynes and Scott, 1985).
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