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Activity of Sex Steroid Hormones on Ovarian Development
in the Greenling Hexagrammos otakii
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We studied oocyte steroidogenesis in relation to oocyte development in the greenling, Hexagrammos otakii,
a marine multiple spawner. Vitellogenic and mature oocytes were incubated in vitro in the presence or
absence of [‘H]-17 @-hydroxyprogesterone as a precursor. The major metabolites were androgens
[androstenedione (A4) and testosterone (T)] and estrogens [17 S-estradiol (E,) and estrone (E;)] in vitellogenic
oocytes. The metabolic rate of T was lower in 1.08 to 12-mm oocytes, while that of E, increased with
oocyte size. The endogenous productions of T, E; and 17 @-hydroxy, 20 £-dihydroprogesterone (172080HP)
were quantified using a radioimmunoassay in the non-precursor group. The endogenous levels of T and
E; were highest in 1.08 to 12-mm oocytes and 17220 BOHP was produced only in 1.90 to 95-mm oocytes.
The relationship between oocyte size and steroidogenesis showed that 1.08 to 12-mm oocytes are full
vitellogenic following induction of the maturation process. Moreover, 1722080HP acts as a maturation

inducing hormone in H. otakii.
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AEolfel Y7 HAF YA AxSolA A
He A 2HZE 2R 9 2FHHT o,
21422 E 2 E (gonadotropin; GtH)©] = w7}
A AL S} YT (Fostier et al,, 1983; Goetz, 1983; Nagahama,
1983; Ng and Idler, 1983). F3& A 7] (vitellogenesis)ojl = o
¥ 5o A EHIEE estradiol-17 8 (E2)°] F8 4 ZHZo|=
TEEOR AL, oz {HdA FIAFEAY
vitellogenin®] A& FEt} G&EH o] L5E A FRH
W FAIAN 7R = progesterone®] =3 2, 17 a-hydroxy, 20 4
-dihydroprogesterone (1722030HP)Y 17, 2083, 21-trihydroxy
-4-pregnen-3-one (17220821P) 5°] F8 A 2HZo|E 52
o2 4#HA A} (Rocha and Reis-Henrique, 1998, 2000;
Pankhurst and Riple, 2000).
o]Fo] dadn o Hojshs 2EE Eul HE L
o1F, AAFHT dALEH e Sl we} vhaksich Ak
Foll ol 139k A#Sh= o] (single spawner)®] A,
da ) dEAEE shte] FEg& ofFo] FAld 443t
d&stARk, & W] AT St 4Fle) Ak A
t}8)atgl o] F (multiple spawner)®] 7A-% Y4 ol drathA)
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7t Z47] & ofe] F-2]9] GEAXI} EAshs 5A40] Ut
53] €% E &7 A% 4 o] Folx )5t 94
ETEE FAEE 540l o8 ofFoA BHilHo] glon, o
213k ThE)Ako]F o] A 2in] V)] e A
G5oEE F402 F850]A gt} (Rinchard et al., 1993;
Rinchard et al., 1997; Kobayashi et al., 1987).

Fx=rle FEFE Hedulatd &3l dkg2A o
F24 feEvet A At 2 5 55 A o 9B
Agte]l dxA Yol £E3H= thaabetEolt) (Jung, 1974). F
Eju)o] B3 A ATFEL AFe (Yasuie et al, 1978), 2B
Ak} S EA (Murata and Oda, 1988; Matsuoka et al,, 1996),
Wit d) 7 2] 433 (Chung et al., 2002) 282
2857 A4 F7] (Lee et al., 2000; Kang et al., 2004) 5|
Aot 4 2H2ol= tiAabel FAE As 2EF A o)
o Axduls AR f83 Folut Agt 429
HEo g Qg AAFo] A Qo] AT} aFH
=3
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AFNY LS FH P TR
% 29 dBoz Awelrle] A B

W GEAE 223 B2, FEAE 27157}
3347 TEAZNA tAEE Fo AH o=

androstenedione (A4), testosterone (T), estrone (E,)
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33 29 ARE-Y W3l agln G E GEAEA
AAYE T, E, 21831 1722080HPY] BE & ZALSFT

HE % Uy
HE " HRME B
APole AWV FAH = 1112800 4 25% 29

ol A R A} 222-32.5cm, AF 196.20-646.24 gol| AT
3hz 47215 dide =2 3kt APl 2-phenoxy-ethanol 2
vl & s A E 3mL FAIR vjiEmo Ry o
AE AFe oy AP E FOAHE $4 dAE AFHEA
ot A#HE FAE ice-cold BSS (balanced salt solution, 132.96
mM NaCl, 3.09 mM KCl, 0.28 mM MgSO,-7H,0, 0.98 mM
MgCl,-6H,0, 3.40 mM CaCl,-6H,0, 3.65 mM HEPES)Z A4
St 5 4B A] (Image-Pro, Media Cybernetics; USA)S
ol gsle FRE SAH F dHEE A4 GEAEES
3 Bl sl

g 2 A AHEolE 328 gAERS B3
7] 918l 24 well platesoll welld Leibovitz's L-15 (L-15) Bl 2F<}
(Gibco) 1 miol 207019 FREAMNEE Y7 EZ (0.80-82, 0.92-96,
1.08-12, 1.90-95 mm) 212t 55 H WA o2 A E 2|
2ol= ATFEAQ [PH]-17 ahydroxyprogesterone (["H]J-17 ¢
OHPYE H7Fsto] 24A17F vkt et w3 I3 dRAE
A MAEE= B, T 283 17¢2080HPS] F =& &A86}7]
A3 L-15 #FY 1 miol FERE 20709 GEAEY FF3)
o 2447 St kst BSSSF L-15 vl o] pH= 7.7,
AEZF T = 360 milliosmol2 FE3}$ ).

=]
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rr

Xt TYE
e S IR O —)

dRAx 2A8H fEs 93 dARAY JRE HF
3l¢] Bouin's solution®l] 24A17F A3 F paraffin® 2 Eojgh
£ 5.6 4m FA19 AH-E 7HE0] Mayer's hematoxylin-eosin.2-
2 olFE Y3l FEEn Aoz FHF3H).
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LtAao] =

AHZOE S22 55 £
YEAX v F ujdY W B, T 2813 1722080HPS]

FEE WAIE YA Y (radicimmunoassay) 2 2 EA 31
g 2 ZolE FZE2 WigYo] EF-E (ethylacetate :

cyclohexane = 50 : 50)= A }ete] £ F 5-1087) -70CAA
T AYWAIATE 439 77189 (free steroids)THE Al
ol A AHFFH7IE FHAZANHOH, 99 F&747
23] BRI 2442t FEE-S 1mL9 0.1% gel-PBS
ZF-&9 (pH=7.5)0l A&3l=o] FFL W7tx 20 B
Aot

2HEo]E T2 AL Aida et al. (1984)2] Wil whsk
t}. 3.84-0.015 ng/mL 7HA] 9B A2 YHE ] standard$}t 242}
o] Al MAERE 2HZoEg HIIGE & 34 A S
Ha REAA 40l A 1247 B BESAIZ T 3 ) 9
A%y 3 2388 BE37) 98 DCC (dextran coated

0 e to o

charcoal)Z A7}t A4 &2 (2000g, 4°C, 15 min)3+ & A
SAE #H3}A scintillation cocktailS ¥ il WA FAH=7)
(TR-CARB-2100TR, Packard, USA)Z =4 3}t}.

Ao A18H &A= 25 Cosmo-Bio Co. Ltd. (Tokyo,
Japan)Z2H-H AU} Standard EE2EE-E Steraloids Inc.
(Wilton, NH, USA)%} Sigma Chemical (St. Lousi, USA)Z%E
Tdetg Tt 3 WALRRE [2,4,6,7-°H-E29} [2,4,6,7-H-T
£ Amersham Life Science (England)Z %8 Y31, vAL
EAE 1722080HP= Scott et al. (1983)2] ®oll 24
[1,2,6,7-"H]-17 a-hydroxyprogesterones AT EAZ &4 H
Ago s F2 3 &y, AA g A& AMEstAT

E», T 281 17 @20 BOHP RIAA|Y] YoiH HA A&
27} 12.5 pg/mL, 10 pg/mL, 10 pg/mLO] 3L, assay W (intra-
assay)®} assay 1 (inter-assay) HEATE 50% F A8l
A ZAE A3}, B, RIAAIAE 3.4 (0=3)9}F 11.5% (n=6),
T RIAAIGIAE 23 0=3)$} 12.5% (0=6), 17 @20 3 OHP RIAA|
A= 3.2 (n=H)% 9.5% =8)Ar}.

AHZ0IE S22 HAIZE 24

W%} F ATAL} RPAE G 80% ethanol TAH3}
o AT F FeENE ol ARA 7 H FFHT 500
Lol &38| A1A dichloromethane .2 2 F&3le] f-8] 28|
ZolExrkS AUt

2| RO|E FEEL 2HRo|E ZFEAT T4 A
7HAE A gk B AR (60F, Merck)ol HAH A2 F
Ul " E3E1 (benzene : acetone = 80 :20 2} Benzene °
ethylacetate = 80 : 20)Z70ll A AANA|H T A7) 3 g2 7S
AZA7 F dALEZE] 9 5 estrone (Ei)# estradiol-17
B (B 825 F7|2, YnA SPHEL 254 nme] A A
sl A ERletA T gk el UG tiAMEAEL AR
AR (autoradiography, Fuji Bas 3000)0.2 2 &<ls}H oH,
AGRAE el g A7l Weg Fe smLe &
&1 (dichloromethane : methanol = 9:1)2 £2] 8} t}.

2288 tAMEAL HPLC (high performance
chromatography, Waters)& ©]-83} ZFEEA9 retention
time¥} YR Sl= fractionTHS 23l B2l @ fractiond
Liquid Scintillation Counter (PACKARD TR-CARB-2100T,
USA)E ©o]-83}4] radioactivity =73 F 52 tAIEdE =
AFSE AHE519 2.1, HPLC-radiodetector®E THAFE 22 A
18I vh HPLC 717184 242 Table 17 2T} HPLC-
radiodetector® N hAMEE -2 gas chromatography-mass
spectrometry (GC/MS)E HEHo g2 5A3H ) GoMs &
27L& Table 29} 2t}

EAEM
< —

2 2ol TR UAEH AFE
Foxz Ughglen, 2H2ol= 528
Kruskal-Wallis 727 7} Bonferroni Th H|nl 733

liquid
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Table 1. HPLC instruments and analysis conditions for
separation of steroid metabolites

HPLC Waters Alliance

Column SunFire C18, 4.6x150 mm

Mobile phase 20% methanol : acetonitrile = 60 : 40

Flow rate 1 mL/min

UV detector Waters 2487 Multiwavelength Absorbance
Detector

Radio detector R-RAM Model 4-Radio-HPLC Detector
(INJUS system, USA)
20 uL

15 min

Injection volume
Ending time

Table 2. Analytical conditions of GC/MS for identification
of steroid metabolites

Instrument GC/MS (Shimadzu 5050A)

Column

Flow rate (gas)
Injection mode
Injector temperature
Detector temperature
Oven temperature

DB-5MS (30 m x 0.25 mm x 0.2 ym)
1 mL/min (He, 99.999 %)
Splitless mode
275.00°C
280.00C
80.00°C (1.00 min) —
10.00°C/min, 250.00°C (0 min) —
3.00°C/min, 280.00°C (0 min) —

5.00°C/min, 295.00°C (4 min)
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Azi5zd A YA e 28 2ols
o3 A4S AAEAT

T2 FEZH

M| Ze| mXISHA BhE

AFA 719 FAxefu]Y b U GEAEY FAHZI}
o 248H FZAL Fig. 19 vebdoh 3% <F 0.80-0.82
mm®} 0.92-0.96 mme] FRA LA ME & FHEE ity
o £H%7] A2stct Fig 1-A, B). 7 < 1.08-1.12 mm]
GEAFNNE dEAHe] AxA ol Fuhetdot (Fig.
1-0). B <F 1.90-1.95 mme] G 2A| EN = Axgo] #2
FEon, dXALI GdEAEE SR e Ao
29 (Fig. 1-D).

HEMES| AHZ0|= CHALSZE SHI THALE HE

W7ol ¢k 0.80-82 mm, 0. 92 96 mm, 1.08-12 mm g
1.90-95 mm?) 2 A E oA [PH]17 a-hydroxyprogesterone.S-
ZRH 4449 AHEOE gAEZEY TLCAS v
A4, T, Ep, By 28} progestogen 59 ¥TEAF AR5
(Fig. 2). ATEHAZRE WAHE 9 YAFERE T AL T,

E; 718] 1 E;& HPLC-radiodetectorS A% GC/MSl| <3l &
A= At (Fig. 3)

Fig. 1. Histological observation of ovary in greenling, Hexagrammos otakii. A; Ovary with oocytes of 0.80-0.82 mm in
diameter. Yolk vesicles were shown in ooplasm. B; Ovary with oocytes of 0.92-0.96 mm diameter. Yolk granules were
shown near the nucleus. C; Ovary with oocytes of 1.08-1.12 mm diameter. Fully vitellogenic oocytes and residual follicles
were shown in the ovary. E; Ovary with oocytes of 1.95-1.97 mm diameter. Ripe oocytes which has well-developed zona
radiata were shown in the ovary. Scale bars indicate 500 #m. N, nucleus; RF, residual follicle; YG, yolk granule; YV,

yolk vesicle; ZR, zona radiata.
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Fig. 2. Autoradiograms of steroid metabolites produced from
[’H]17 a-hydroxyprogesterone after 24-h incubation with
isolated oocytes. A, Oocytes of 0.80-0.82 mm group in
diameter; B, Oocytes of 0.92-0.96 mm group in diameter;
C, Oocytes of 1.08-12 mm group in diameter; D, Oocytes
of 1.90-1.95 mm group in diameter. A4, androstenedione; Ej,
estrone; Es, estradiol-17 8; T, testosterone. Scale bars indicate
500 g#m.
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Fig. 3. Mass spectra of steroid metabolized by greenling
oocytes identified as androstenedione (Ay), testosterone (T),
estradiol-17 8 (E:2) and estrone (Ei). A, authentic A4 B,
metabolized A4; C, authentic T; D, metabolized T; E, authentic
E,; F, metabolized Ez; G, authentic E;; H, metabolized E,.

dEEA7] GRARE] 2 Zo|E AR tALE S
AHEA (Fig. 4), A2 dAES W7 0.80-82 mmQl W&
MM 41.28%2] tAES BRY o) dAo] Frlgdel ue
Z}Z} 21.13, 2424% % 73453 T2 A& E dA
0.80-82, 0.92-96 mmQ] FEAHZAA 509 o]4e] =& gALS
S HPoY, P 1.08-12 mmQY A LA 19.4492] vt
< AES vERY T

70

[ 0.80-0.82mm
EE=FE 0.92-0.96 mm
R 1.08-1.12mm

60 [

50

40f

30

Metabolic rate (%)

20}

Steroids

Fig. 4. Metabolic rate of steroids in vitellogenic oocytes with
each diameter from H. otakii. The percentage of radioactivity
associated with each isolated steroid was calculated to the
percentage of total steroid recovered from initial TLC. Values
are mean+SE (in duplicate well, 20 oocytes/well). A,
androstenedione; T, testosterone: E,, esradiol-1753; Ei,
estrone.
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Fig. 5. Steroid production by separated oocytes from H. otakii.
Values are mean+SE (in triplicate well, 20 oocytes/well). Bars
marked with different superscripts are significantly different
(P<0.05). ND, not detected.
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EZ 2| Akl e A o] S| we} thakE<] R4
Ho 7 Z7}8te] WA 1.08-12 mmSl FEA T A] 41.589% 2]
w2 YAES YEHTh E 229 AR K29 AT
Zo] 4AZ7 e wet F7kete W 1.08-12 mml GEA X
ANX 14.74% 2 HAE vepct

HEMNIZO ML AHZE0IE S22 MY

YR A EANN YAEE By, T 2183 17¢2080HPY] 55
RIAZ ZH AT} (Fig. 5). T AAdELE FAZ7 wat
Z7FFe ™, w73 1.08-12 mmSl YEAFA 1.039 +0.101
ng/mLE W73 0.80-82 18| 1L 0.92-96 mmQ) A Z o] A ]
TS APsx=d H&) Fo8kA kst (P<0.05). W7
1.90-95 mm¢l G2 A E ol X 0.040£0.006 ng/mLE F-2) 5}
HAstATh (P<0.05). B9 AAFE GA T Adsmet 2
o] 4AZ o) wa} Zr)kslgem, W2 1.08-12 mmel YEA
ZAM 5.858+1.405 ng/mLE F23] F7}5ke] dHo] &L

B F 59 dRARZ nE FostA SR
(P<0.05). °]F F7°] 1.90-95mme FEAZANA 0.063
+0.008 ng/mLE 323 745 Ah 17¢2080HPY F5&=
47 1.90-95 mm<Q G2 A T T 0.160 ng/mLe] FEE A
Z5 At

i =t

Axgu= FAE77) 11-129¢] SAAglFo 2
< HISAEEE 024 b o] A7) o2 drA
Eo] A e g AATL § Al 23] o) Algksls
3] aketko]E o]t} (Kang et al, 2004). 2 Ao AFRH U3
FAA7) dREAREE GdAEE REdtd dAE < 080

RS ode T b

3

lo

[e)

0.92-96 ZL2]3L 1.08-12 mm °f siFdte G2MEES it
2 39t Acgv|e GAY dr Ao 283 334
, F73o] ¢ 1.08-12 mmol] o2 A EA Yol G35 o)
g}l o, TLCY| 93 220l A &2 Ba A3,
1.08-12 mm<! HEA|FE o A= progestogens©] THALE] A]
g vl Fo] Hol, o] A7)} GRPAYLBAV|E AR
g WEe] 1.90-95 mme] BEATE AEde] A3}
TLC ¥4 27} (Fig. 2) progestins®] T 8HA AIE &=
o7 Hol HEASG WA A"

Axgrle G3EA7) e AT FAEHE F8 28
2ol= T2 EL androgens?! A} T, estrogens$] E;9F B0 &
FRALAT (Fig. 3). FAS7H] 2 F£8 2~ Ro|= T2
o] hAkE 2 WslE AHEY EEel hAEeS a9}
3 Z71ElH e, W 1.08-12 mmel FRA Eo A 71
=& gARES eIt TEY AR BES] tiARS W3}
ot AE A G 1.08-12 mmQ) FEAMZAA 717 e
HAMES e dAaE 2 sy o A Te] 982 aromatase
of o B2 ¥ EH= ATFEZEA (Kagawa et al,, 1982),
Aol A GtHE WSS EoFE Aog RaHo] gt
(Fostier et al., 1983). B3+ T+= aromatase®l] o8] E, 29 #3lo)

¢

3

Wt g2 of ofw
J‘J _Q fr ox

F83] o]Foi7] Fol= PFog FujdEvy ¢4 ot
(Campbell et al., 1976), 25, Pagrus major?] ‘dAa SE|ZO|=
GBI AE T7F obd Byl B thAlel 2 A7EAR
2-g-stckal B o] 9t} (Ohta et al,, 2002). FH=dfu] ¥
AEe] 2HZOIE Babg WSE A2 o), B o
2 Tl HlAkgel ZaskE $AG B9 thlgol Frleke
AO.Z Kol TE aromatasedl] 28] B2 A== Aoz Azt
o}t Nile tilapia, Oreochromis niloticus® ‘dhoM=
aromatase mRNA 2] 28, aromatased] FE 9} &4io) W3ty
Q74 sFdte dRAZEAAE Yo, gl
APAes 718t G A7] o]F o] GRMZAME 7
S3hgar e A o) (Chang et al., 1997).

GV} HEAE7)Y GRAZAN WAFHEE, T
13 17¢2080HPY] Fx W3S Aurd 1o A4 TEd
sh= G357k A Sk AES BYew 3 1.08-12
mm¢l GEAZN =S Yehd ¥ 37 1.90-95mm
ol YR A EAHE 0.040 ng/mLe} AEEZ Velgtth E,9
A FERSXE GRS ne} A&H o s FIlE
37 1.08-12mmRl GEAM AN HIFEE VERA & U
1.90-95 mm?] HEAFAXHE 0.063 ng/mLe] AFEZ e
Wk ¢ 1.08-12 mme) GREAZANMNE S dA ) WA
FAXRET TS AT v B9 AR T} 58l o4
E4" AoE wFo] Hol o] A7} dRAMIEA
aromatase?] &4Jo] 71 & ZAL0 8 ALEEY 1742080HP
= HEAE719 GRAEAXT 0.160 ng/mLE SHH 0
™ Lee et al, (20000114 811 v19} ZHo] 1722080HP7} =]
ve] HAF AHS fFEsEE0T A8 Aow Azty)
GC/MS 45 T3l &lsfor & Fyolr}

A7) Ao EF T BY 5 3ng/mL o9
A7 ALeERE YEATT BuEo] oW (Lee et al,
2000), F=efwl ] Ake7)d] 3 T E, 357t B4 #A4
T A Hx A olF dh ) AEde dEAH TS
AEDAR ojde s 2HZol= dixlg e 93 HAog
A 809 dadAT 4 o]F 2Ed= YatE A
7] GRAZEEC T¢ EE AT HIiHo e
(Kagawa et al, 1984) YoiI}, Gobio gobio, FAFo}H,
Acheilognathus rhombea, gilthead seabream, Sparus aurata,
VAR, Verasper variegatus T3 32 F=gn] o]gJe =
o34k o T MR FARE A7t BEFH A (Rinchard et
al., 1993; Kobayashi et al., 1987; Shimidzu et al., 1985; Kadmon
et al, 1985; Kim et al., 1998).

GHREALASA 7N HFAAETE olhdhs Al ¢
AIZ A 9] progestogend] B4 3}el oo $=uFE]= steroi-
dogenic enzyme activityoll Wt oz AF7t ag-H}

At Al
2 A7 2004 BAUE N 7143 SeArae] Ade
2 FHgen o] A=Yt}
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