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Changes in Plasma Steroid Levels in the Goldfish, Carassius auratus, During
Final Oocyte Maturation and Ovulation Induced by a Combination
of Human Chorionic Gonadotropin and Elevated
Holding Temperature

Hirohiko Kagawa*V and Yoshitaka Nagahama*®

Levels of plasma estradiol-1783, testosterone, progesterone, 17a-hydroxyprogesterone (17a-
OHprog), and 17a, 205-dihydroxy-4-pregnen-3-one (17a, 203-diOHprog) were measured by radioim-
munoassay in the goldfish during final cocyte maturation and ovulation induced by a combination of hu-
man chorionic gonadotropin (HCG) and elevated holding temperature. Estradiol-178 was maintained
at constant levels (5ng/ml) during the experimental period (from Oh to 24 h after HCG injection).
Testosterone levels gradually increased after treatment and reached a peak at 3 h followed by a signi-
ficant decrease at 12h. Mean levels of all progestational steroids measured (progesterone, 17a-
OHprog, 17a, 20p3-diOHprog) increased following treatment and reached a peak at 6 h, at which time
2 out of 6 fish contained matured oocytes and the remainder had oocytes of the migratory nucleus
stage. There were significant differences in the levels of these steroids between the two groups, the
levels being much higher in females which underwent final maturation. The greatest elevation was
observed in the level of 17, 208-diOHprog at 6 h, which was more than 30 times that at 0h. The
levels of progestational steroids rapidly decreased at 12 h, followed by a further decrease at 24h. In

this experiment, all fish ovulated by 12 h following injection. These results are discussed in relation
to other studies on changes in plasma steroid levels during final oocyte maturation and ovulation.

Key words: goldfish, human chorionic gonadotropin injection, oocyte maturation, ovulation,
plasma steroids
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ZLEPRBENT W % (Kagawa ef al. 1985), ¥ 7:, BHHYW THWO T, 172, 208-dihydroxy-4-
pregnen-3-one (17a, 208-diOHprog) # % # A DFEAF R A F O ( FE LTHEI T
(Nagahama and Adachi 1985, Nagahama 1987), —7%, —[EDEIIEIIZEIKEEN % &Y K bW
L MEBEINATIE, FIBE - FEONRIA DM X 7 0 4 FOBIEE T 300~ 35 3 7 Bt
# L T4 7%\ (Kime and Dolben 1985, Kobayashi et al. 1987, Matsuyama ef al. 1988) . =i, B
- PR OAREASLENEREICEZ Y, COMORTO( FhL T ROSKETERS & 5 242
WD EZEZOLND, LA oT, E# - BIBICB I B A 704 FhLE s OB+ T
WCHIAITE, IEEL - R R AL i CHECHERET A EPLEL 2 5, & aBREMR
BAENVEL HCG) I OHLMEREEFLICELDE (K7, Kuoetal 1974 2 0% 4, Gor-
din and Zohar 1978; ¥ » ¥ =, Stacey ef al. 1979; catfish, Eding et al. 1982; blue-spotted grouper,
Kuoetal 1988 a1, 7L >, F¥ a7, Peteretal. 1988) O - B4 FRT AL i3 &
CHLBRTWwAE, LAL, HCG 25 L THE SN/ - IO MFP 25 a4 FRLE L
DEYRE % MR 33 L A &4V (Kime and Dolben 1985)

Fr¥aid, Kiml12’C THREL, WEETFHDICEESE/HEIC, HCG 2EHTL L & LIk
mE 200CICEITDE, [ FEALORTEREMET TITIIEIRMR, IRERIEZT CIOEHR 2SS
BHIENTED, ZDEHIT, F ¥ 3 3LEEINADOIIHI - JIFEOIMA 2 7 0 (4 FhLE
YOEEH L ETHER LML EZOND, 22T, AL TIE, SEEINHOINGHRRA - PER
BEBA T HODOEBENHNR LT 570, HCG #H5H2 S0 - PE0#% $ Cofid By, T,
progesterone (P), 17a-hydroxyprogesterone (17a-OHprog), # & UF 17a, 203-diOHprog & D%t %
FEMHLZ IR

MEBLUFE

MEHIIKIE 12°C OKERP T2 AU AT Sh T KEH 30g KEHImDOTF %
Rw/zo TNOOADIERTIE, WEERIIRT LTS RAL TR WIl (IIR 190 BT
FROBRIZEEL, £ RERAFRAPOREICH D) BEHED LN, ShEDEFFWTLL
TOEBEEIT-72, ¥, MEAICF Fal) 7 VIITER L b IERMEREE R L E
(HCG, Sigma) % 41U/g HKE, ‘7l 9 B2 & 108 ORI BREPNZES L, kil 20°C OkAEIH L
7Zo RIZIEAEL5, 3, 6, 12, 24BFRIB L UVESTERT (0BEM) (22 hEh5 — 6 BOMAL LR
ML7. BIZEHTEYEL, ~< b2 )y ML W MEFRE L, MHEIZ 10,000 rpm, 5
FREEL LK, MREZSHELATOA FUEERIT) 3T —200C THRELS. 72, REAOH
FERhH L, AIREAZIC L ) IR O BB % <7,

MR D274 F (E, T, P, 172-OHprog, 174, 208-diOHprog) i#F ix, Kagawa et al. (1981)
DHENEST, 774 AL 7 9 A HEICEVBE L FNERD AT OA FHlIEEORKE,
FBEFOFMEIT TIZHE L (E; & P, Nagahama ef al. 1982; T, Kagawa ef al. 1984; 17a-
OHprog, Kagawa et al. 1983a; 17a, 203-diOHprog, Young et al. 1983) .

77 7 FOBEIZT TR TR L7, A &2 Student-Newman-Keul’s multiple range test
rHGTRIT L7,
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SEEEI O MBI DR, 54 3 NHE CIHEE LR ol - 7285, EFTE 6 FEM
T6RYT 4 ESBEHNONME I remIc B LEHLZSE LTHEITES), ®O oD
2RHHHAIN (AT E L, MRESEBRELTWwD) 2 FLTULI IO LNT, £
TS %128 L UUB T T T OMETHEN (BEEBICL ) RAMmPPEH s 5) RS
7z,

E, & (Fig. 1) 3ESZOBMAOUBBMOMIIAELELHIRED LT, 12IT—FHE (4
ng/ml) %ff-72,

T & (Fig. 2) (3iE4F7% 0 BEf (10 ng/ml) A S %4 XML, 3 MM CHR&EME (16 ng/ml, p<
0.05) % L7245, {412 TaEC (p<0.01) BA L, 24K E COEME Gng/ml) 2R L
77

P & (Fig. 3) (37E4172085R (0.3ng/ml) 252 80CHML, 6 BEEZICHESME (2. 1ng/ml, p<
0.01) (23 L, 24BRI1%02 0.4ng/ml 124 L7z (p<0.01), F 7, (H51% 6 BH B I T TITHEA
LA L TWAATIREEH 3.90g/ml TH- 72D L, BBEMOINEZHE L Tzl Tt
E# 0.9ng/ml LIREE R L7,

17a-OHprog & (Fig. 4) 13 P & {FIFFEAICE(L L7z, % 085 (0.5ng/ml) » SR 4 (28N
L 6 R C RS ME (6.8ng/ml, p<0.01) &R L, 24EEE#IZHA (1.5ng/ml) L7 (p<0.01),
T/, PLEME, JRpisi%#e s U728 T 172-OHprog 2 3&fE (15ng/ml) %/RL, HBEHE A
TIEME 6ng/ml) ZRL7
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Fig.1 Changes in plasma estradiol-173 levels in the goldfish during final cocyte maturation and ovulation induced by
a combination of human chorionic gonadotropin and elevated holding temperature. Each value represents the
mean + SEM.
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Fig. 2 Changes in plasma testosterone levels in the goldfish during final oocyte maturation and ovulation induced by a
combination of human chorionic gonadotropin and elevated holding temperature. Each value represents the

mean + SEM.
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Fig.3 Changes in plasma progesterone levels in the goldfish during final cocyte maturation and ovulation induced by

a combination of human chorionic gonadotropin and elevated holding temperature. Each value represents the
mean + SEM.
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Fig.4 Changes in plasma 17«-hydroxyprogesterone levels in the goldfish during final oocyte maturation and
ovulation induced by a combination of human chorionic gonadotropin and elevated holding temperature. Each
value represents the mean + SEM.
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Fig.5 Changes in plasma 17a, 208-dihydroxy-4-pregnen-3-one levels in the goldfish during final oocyte maturation
and ovulation induced by a combination of human chorionic gonadotropin and elevated holding temperature.
Each value represents the mean + SEM.



22 =B O17% (1990)

17, 203-diOHprog & (Fig. 5) 13 7E4t7% 3 MM B £ TR HLEHRM (0.08-0.6ng/ml) %R L7
A7 6 B RIC AR LA Ll (2. 7ng/ml, p<0.01) 2731, ZOH2ARHEE L TEHIZED
L7z (0.7ng/ml, p<0.01). F72, EFHEORMBIZMRALES L2ATIEAEE Gng/m) %R
L7:2%, BEBHOIMIEEE LTV aTIREME (0.6ng/ml) DI ETH-72,

£ =

KiR 12°C THE LIEMREET L2+ > ¥ 312 HCG #4855 LAREY 20C 1K kA T5 2k
X DR - BRI A B S ¥ T, MP E & (M ong/ml) 3EL L vl ZOMPRIZHE
RIREETHBT SN TWAZENEOF > ¥ s (Kagawa ef al. 1983a) R KiR% LH 38 CTHIN %5k
L7-% v %3 (Kobayashi ef al. 1987) B L #0034 B OHEIIRE O (Billard ef al. 1978,
Horvith ef al. 1978, Fostier et al. 1979, Weil et al. 1980) & I1ZIFEILTH B, T/, BREIL-F
v ¥ 3 (Kagawa et al. 1983a) B L KB EAICE VHEIIZF/& L72F ~ F =2 (Kobayashi et al.
1987) S [EREAREETLHINE E, BORA TN Hh o7z B 51T, H 7 EA (Kagawa et
al. 1981, Kagawa et al. 1983b, van Bohemen and Lambert 1981) THii5 ST 5 X 5 Z2UI#E BT
DE, BORELRRLIED ol TOERIE, ¥ 3T, drEaERLR Y ERY
DEBEDIZEHOMNBERHE G OB EALTEY, Tho0EBMBTE, "ELE L0
(Kagawa et al. 1984), ¥ E; BEIZEADP A OV DEEZ b,

M T 2idiEH®EEYICER L 3SRMZICEEM (I5ng/m) 1ELZ, COBEF > Fa
(Kagawa et al. 1983a, Kobayashi et al. 1987) % plaice (Weil ef al. 1980) % & THEHE ISR TWLE &
I{—%t+5, LaL, TEZIERBRTHE (12—24850) (23S E D L ESZEA L, 20
P THRIZFEO O NN T =028 AR 3 HCG 5% 1T T A S 2H
VA3 A 7% (Nagahama ef al. 1986) £ Zz 615,

FETHE L3O T XA 700 RRA70A FOMAiEEE Iz HCG F5#%IHIIE#OEL
AL, WIENRL BRRETHNS RAHEGiI%OF » F 2 0MmG2%E (Kagawa ef al. 1983a) &
DL 2—10fFEMEZR L7, F v F a2 JBARRETILEFERTSBITH IS, TR - B
TH5bDEEZ LN (Stacey ef al. 1979), 4 OLATOHE (Kagawa ef al. 1983a) TIIIMiK % R
ELZDODPFHIS — 9T, ZORFE TICIT TR - HEPREEFHZA L T ool it
RLbDLEZONL, LIz -T, BRIKETH NIRRT TE D SHEINERIZ T Comp 2 7
o4 FEXHlETNIE, SH5ICBEIEOhLLDEEDbN S, FE, Kobayashi ef al. (1987) @
WMEICIMEKRERICE VHEREFRINAF o FaTIH20:0055 24 100 2 TEHBED
17, 203-diOHprog (15-20 ng/ml) #SIE ST 5,

T 2Ty ROAT A FE, JERBPFTET L/EFEK 6 RF TREMIEL, Likl2—24
BRI A CRaBMITHA Lo 4512 174, 203-diOHprog 13 O B 425 6 BERIZ A3 T0MIL LIz b
BN, 248 HIZRESEDL/5128 4 L7z, Nagahama ef al. (1986) i, A& RO HETH
WAT ANBNIIHEESEZF 0 Fa OIIEBEED nvitro A7 04 FELERETHEIT L, 17e-
OHprog #*& 174, 208-diOHprog ~DEEHIZ A E R 27T 4 F-20p- kBB AZREE (208-HSD)
OIEIZIIEALET LS TR&EE 2N, UBEBIZRL T3 BEL TS, Lizdi-
T, RWFETEDH L7z HCG % 5-F DM+ 17, 203-di0Hprog @ L H13 203-HSD O EHIZ L %
bDEEZOND, TNHLDEREFHLANT TIIHE L7 (Nagahama ef al. 1983) ¥ Fa D in
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vitro AR AAGERE T 170, 208-diOHprog AR I BN THAEEL E 2 Shb¥ b L, 4 EM Lk Ak
(Nagahama 1987), ¥ > ¥ 3 T4% 17q, 203-diOHprog 70 EAFRE A T 04 FTh AW EEEIEO
TE,

AFAE T, EHBRUBRMOAOMF TO S 270 FRAT O, FREIZAVE Y FHSHOKVE
WKR -7 37 8A, HIC= < A TIEE 1 — 2803 d 17q, 203-diOHprog A&l % R
ZENBMESN TS (Scott et al. 1983), TOH TR L F o Fa LIZALNLMEIE, HEINE
EIROZATOA FRLEVELERDENIERNTLODEEZbNE, ZOZ ki, HREEME
HLTHEFIN, ¥ Fa OINERAEIITEINGE 1 BUNICH A Y BT 4 5% (Nagahama ef al.
1976), ¥ ¥4 (Nagahama et al. 1978) %7 x v A (Kagawa et al. 1981) TiZZ ORI 1L H D
HHEE SN Z EPHE IR TV,

AR TR, ZOEINAIZE DI - S OMm B 2504 FRILVE > BOAMETLEH
LNITHIENTEL, 55T, 7 HAREZRLL NSO ENERADIKH - kD 2
TUOARRNVEZD)ZLBEDL ) BEBIZL s TERIN TV LD, SR T TEAS
BLFA7O94 F74 - FNy BB SO0 THLAIZL TV LEDXD D,

= ¥

b MEBREERRECRLVE S (HCG) 2535 L EEICKIEY ER S¥TRAKRLE - H1% 5
B L72F > ¥ a DM estradiol-173 (E,), testosterone (T), progesterone (P), 17a-hydroxyproges-
terone (17a-OHprog), # X UF 17, 203-dihydroxy-4-pregnen-3-one (17a, 208-diOHprog) & D%k %
FVFAAL)T o AKRIZEDRE Lz, ZORRE, B, XESRARM A (0 BEM —24850) 2103
Bl —EDME Gng/ml) 2Fo7, TRIZIEBMBE I THE4IZEE L (10-15ng/ml), 128
METHA L7 Gng/ml), @€ L7-3BOTur25FosRAyaf FREHOEILERL, &
Btk 6 REF H SRS EIE L7, 4512, 17a, 203-diOHprog (3 EERBIMGHEE & T30 L BN L 72,
oK, 6RPIESEANEA L, KO IBBEHHICH), ThS3BORF O NI
FALTOLADRE ABBHOLOL ) bHWEER LA, 20%, Thd 3EOTOr 257
O YRATOA FIZ12—-24BE 20T CREUZEAD Lz, ERICAW - BIZESHL128EE £ TIc
FTHEIR L 72,
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