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Testicular Development and Serum Levels of Gonadal Steroids
Hormone during the Annual Reproductive Cycle of the Male
Korean Dark Sleeper, Odontobutis platycephala (Iwata et Jeon)

Won-Kyo Lee and Seok-Woo Yang
Department of Aquaculture, Yosu National University, Chonnam 550-749, Korea

To clarify annual reproductive cycle of Korean dark sleeper, Odontobutis platycephala, we
examined the seasonal changes of gonadosomatic index (GSI), testicular development stages
and sex steroid hormones in blood from December 1995 to November 1997. Testis was pod-
like shape from July to October, and tadpole-like shape from November because of its expan-
ded posterior part. GSI was 0.14~0.18 from July to September and increased to 0.43+0.04
in October and then was not changed significantly until February. GSI was reincreased to
0.52+0.09 from March and then was kept at similar levels until May, but fell down to 0.28+0.
05 in June.

As results of histological observation, testis was divided into 3 parts (anterior, boundary,
posterior) in the developmental progress of germ cells. In July, the testis was composed of
only spermatogonia without seminiferous tubules in most fishes. In the anterior part of testis,
the frequency of spermatogenesis stage seminiferous tubules appearing in August was more
than 80% from September to December. decreased gradually from January to March and
drastically in April, and then disappeared in June. The frequency of spermiogenesis stage semi-
niferous tubules appearing in December, increased gradually from January to March and dras-
tically to 80% in April, and reached to 90% the highest levels of the year in June. Post-spaw-
ning stage seminiferous tubules did not appear throughout the year. The frequency of spermato-
gonia was 100% and 65% in July and August, and less than 20% in the rest period of the
year. In the boundary part, the frequency of spermatogenesis stage seminiferous tubules appea-
ring in August increased from September and reached to 82% in November, decreased from
December, and disappeared in March. The frequency of spermiogenesis stage seminiferous
tubules appearing in November was less than 18% until February, and increased to 29% ~57%
from March to June. The frequency of post-spawning stage seminiferous tubules appeared 12
% ~25% only from March to June. The frequency of spermatogonia was 100% in July, dec-
reased to 85% in August and 10% in November, and increased gradually from December
to 50% in April, and decreased again from May to June. In the posterior part, seminiferous
tubules with some spermatogonia appeared in a few individuals in July. The frequency of sper-
matogenesis stage seminiferous tubules increased drastically 80% ~85% in August and Septe-
mber, decreased drastically from October to November and remained below 10% until Feb-
ruary, and disappeared after March. The frequency of spermiogenesis stage seminiferous tubu-
les appearing in August increased sharply from October and reached to 75% in November.
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decreased to 15% in December and no significant changes until March, and disappeared after
April. The frequency of post-spawning stage seminiferous tubules appearing very early in Nove-
mber increased to 82% in December and 85% ~95% until June. The frequency of spermatogo-
nia was 100% in July, decreased drastically to 15% in August, disappeared from October
to March, but reappeared from April and kept at less than 10% until June.

The blood level of testosterone (T) increased gradually from August was 0.61+0.09 ng/mé
in November, increased drastically to 3.99+1.22 ng/m? in December and maintained at in simi-
lar level until March, and decreased to 0.52+0.14 ng/m¢{~0.17+0.13 ng/m¢ in April and May
and no significant changes until July (P<0.05). The blood level of 17 ,20 -dihydroxy-4-pregnen-
3-one (17 ,20 -P) was surge-like increasing to 0.38+0.03 ng/m{ in May, but remained below
0.21+0.03 ng/m{ in the rest of year without significant changes (P<0.05).

Taken together these results, the germ cell development of testis progressed in the order
of posterior, boundary, anterior part during annual reproductive cycle in Korean dark sleeper.
The testicular cycle of Korean dark sleeper was as follows. The anterior part of testis : i.e.
spermatogonial proliferation period (July), early maturation period (from August to Novem-
ber), mid maturation period (from December to March), late maturation period (from April
to May) and functional maturation period (June) were elucidated. The boundary of testis,
i.e. spermatogonial proliferation period (July), early maturation period (from August to Octo-
ber), mid maturation period (from November to February) and the coexistence period of late
maturation, functional maturation and post-spawn {(from March to June) were elucidated. The
posterior of testis, i.e. spermatogonial proliferation period (July), mid maturation period (from
August to September), late maturation period (October), functional maturation period (Nove-
mber) and post-spawn period (from December to June) were elucidated. It was showed that
the changes of sex steroid hormone in blood played a important roles in the annual reproductive
cycle of Korean dark sleeper.

Key words : Annual reproductive cycle, Odontobutis platycephala, Gonadal steroid hormone, Te-
stis, Testicular development
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A, Coreoperca herzi (Kim, 1997) SollA

EAel(Odonrobutis platycephala)= &°1H
(Perciformes), EA2l#H(Odontobutisdae), &
Aol el & B4 ojFo]ti(Chung,
1977).

EALE]Frell diste] 2533, Aeld FE(Kim
et al., 1986), SAtel &7 e) AHF7] (Lee, in
submit) ¥ FAEY AEFAEl(Odontobutis
obscurus interrupta) 9 NA|LAWEH (Iwata et
al, 1987 ; Iwata et al, 1988) 4 o] ch

3 B4 olFo] AAFTo #AE AFE 7+
Al5-o1, Rhodeus uyeskii (An, 1995a, 1995b)<}

FsEIg o RS de A ik &
)l A= ZE, Pagrus major (Ouchi et al.,
1988) 2+ Aoldl, Sardinops melanostictus (Ma-
tsuyama ef al, 1991) € W& o|Fg jgte g
FR o AT W AF7} Qlon Fiawd
Fdel wHket olEo] A4 Eu|EhE o)
FeyEIgle, FuldlAds WE TR HTo] A
9] o]Fol A % U= AAelrh
AEolfFonA At AL AR EE
H1|5= gonadotropin (GTH) 2| Aol 23
AadlA WAEE LHEo)= S 2R o F
Exe Zleg dezck(Billard er al, 1982
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FAHE, Odontobutis platycephala (Iwata et Jeon) +He MAFV]o) W Bk Igy 3 44 28 2olzg] ¥

Nagahama, 1989 : Yoshikuni and Naga-
hama. 1991). Testosterone< AP A Q) 7]
Aol Foshi= Aoz AgkE 2l o (Fostier et
al, 1983 ; Kobayashi er al, 1986), 11-ketote-
stosterone (11-KT)= AxEA 5l Az A4S
FEE Ao g e cHMiura er al, 1991),
3, 170,208-dihydroxy-4-pregnen-3 one (17
0,208-P)= WA 8 Azl 5L fEde
Aoz deixrH(Ueda er al, 1985 ; Lou et al,
1986). o= AAF7]0) glojd zH|Rol= 3=
259 ¥} kol e Foslide RS 9n)
ek

upeh B AEL, FAEe] FAldl glold
&9 Lgdat LHgoln szl Wil P
ZAste]l WAZIE B HahalA shdlo gy,
sAe BH 7lEMe] 7zAEE AL o) &xt
S8l LR offE e Agduda Ay
71312} gt

AR 2 Y

&AEl, Odontobutis platycephalas 19954
129578 19974 11¥712] B9 E AT 7
2 A AR 14 cm 2o 7T o4 wiY
Nistel ol ez APHE A4 Agdd A
Eadch AR AF-E FAsA v)Ra sy
A dolg M3 stod 4TollA 10,000X g2 1083
LALAT F AENE Al —45CNA 2]
Folu A AR sl Ais HEslo]
FAE F4% v Bouin’s solutiondl] A}
Zrh paraffin Exhgo g 5 ym JEHHE A
Zhsle] Delafield’s hematoxylin® eosino 2
AAsksich o) A9d FE-2 Technovit resin
(Kulser)oll Ermliste] 1 yme) ZAE Aztsln
toluidine blue 1% 2 AW ch AAAE b
AL FLE AN, AR 9 Fukie 3
Hate] zb o) whmollA] WA A4
FdN%(frequency=E4%Ale] MY FX
100/4 AR F)& Faisich ol9h IA B4

£F %A (gonadosomatic index, GSI=44]
A£FFX100/45) WHeE S35, BN
(1989) 9] B-R7IEE #Harsto] AAF76A 2
A 7NE HAs e

ZH| 2ol $ 222 Young ef al. (1983)3
Ueda er al. (1985)2] "ol wfz} a3
A (radioimmunoassay, RIA).2. 8 2434
t}. a2 diethyl ether 3 ml& 3¥ Z&E3lo]
(recovery ratio: T=94%, 17a,208—P=93
%) Airke sloll A ZEAI7] oS 100 ul 9] ge-
latin phosphate buffered saline (GPBS:
NH,PO4 11.6 g/¢, NaCl 8.8 g/£, Thimerosal
0.1 g/¢, Gelatin 1 g/¢, pH 7.3, 4C) & )
A8 et of 7ol 5,000~6,000 cpm/100 2?79
FAzet FEHE 27 100 uey Yo & 4L
F 4CoNA 1720417 siFsladet. ik 3 dex-
tran coated charcoal 200 pfE H7ksled 4C
oA 1087 A7 & A41E2] (500Xg, 10
min, 4C)ste] AFHhE counting vialZ &
Ak 7} vialoll scintilation cocktail (ready
safe, Beckman)& 4 m{% 931 B-counter (Bec-
kman, LS 6500)% %A% & ImmunoFit
EIA/RIA program o]-§-3}o
personal computeroll 4 £ 5E A4 A
HWl (intra-assay) 9k 4%2F (inter-assay) Hol
A T7F 2442 7.4%, 9.4% Fom, 17a,208-
P 8.7%, 9.4% ek Tl £32h= 1,2,6,7,-H-
testosterone (98 Ci/mmole, Amersham)Z,
170,208-P8]  FH2A=  1,2,6,7,°H-170-hyd-
roxy-progesterone (58.5 Ci/mmole, Amer-
sham) 24¥€] 3a,20B-hydroxysteroid dehyd-
rogenase (Sigma)& o|&s} FAsgic} T
FEHAL At &8Y BFEZRE ATt
9, 170,208-P2] 482 QLRI 2 EedT 4
Nagahama mFEHE] AlFedc)

7t APEY] BAA fel4de Student’s t-
test? Duncan’s multiple-range test® 43}
e, pgrol 0.052 ¢ 2 AE sl
Hdslgich

(Beckman)&
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1. #& 9 3F7) A3}

Ak AR A o] g3 FF719 U i)
£ Fig. 2A9] Jepiich 24 717 £ 42 W
AE 1~28CH . 1299] 7CHIA 19| 1T71A)
gobrlen] 2¥dl= 2CSeh o)F £ A%
3to] 3% 8T, 44 11T, 59 20T, 6¥ 23%¢, 7¥€
24Coll g9l o] 8¥ol 28CE M EHe) 9
YRE 28 99 25T, 10¥ 20T, 1149 13
CE olgsll 1¥97HA= oldsts A9S B

FFE71E 12800 9.7hLE 7HE #@gkon, o]l
ZojA)7] AlFHstod 1€ 10.7hL, 2¥ 11.6hL, 3
12.5hL, 4¥ 13.7hL, 5% 14.3hl, 6¥ 14.6
hLE 7b3 Zch 79 5E oAl gobA 11900
10.1hLE 1297k4] ZolA= ZEgS BSich

2. GSI¢] W3}

A 79 Jd £ GSI9 H3lE= Fig. 2Bl
Yehigich 1222 GSIE 0.40+0.032.84 2
U7tz & H3l= 99, 36l 0.52+0.098 F
7bs 59 0.6410.067H4] £ FFE e
(P<0.05). 121} 6YHE] 0.28+0.05% 743l
7YHE] 9¥Y7tA £ 0.18018k2 1% GSIV} M4
worrt, olF 10¥ol 0.43+0.042 F7lsto] 12
G7hA] fogt wshs 2oz gkl

3. Ao i
o] BFE A7lol et FriA deg ot

ebstck(Fig. 1). 7¥%E 108714 3724 =

Table

anterior

boundary

i -

-§ posterior

Fig. 1. Testis of O. platycephala. A ' pod-like shape
(from July to October), B : tadpole-like shape
(from November to June). Testis was divided into
3 parts (anterior, boundary, posterior) according to
the development of germ cells : T ! Testis ;s SD :
sperm duct.

FolReHl, 11ERE= s vidsix 24
olg} AR et il YAAE e
BAAEZA A, FAHA DA, A4 A,
AApE F A FEsck(Table 1. 22y
e ol Al A E ] kol Anke A
B, U4 a2 AYEgeng SRy
A2 g Jeldck(Fig. 4).

Ak 7ol Aol AR glion F
YA ESuto] Yol (Fig 3a). A AghAl9]
A QHEL 8ol F3ete] 9YRE] 129714 1
XS 80% o4l em(Fig 3c), 1¥9%E 3
Y7t = AR o2, 49l F43) FHisle] 6

1. Characteristics of the developmental stages of testis in O. platycephala

Maturity stage

Histological appearance

I. Spermatogonial
proliferation

Testis was filled predominantly with spermatogonia. Some spe-
rmatogonia were scattered between the connective tissues and
the other were in small seminifierous tubule.

II. Spermatogenesis

The seminiferous tubule was filled with primary spermatocyte
and/or secondary spermatocyte

II. Spermiogenesis

The seminiferous tubule was filled with spermatid.

V. Post-spawning dual sperm

The seminiferous tubule was almost empty and very few resi-
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Fig. 2. Seasonal changes in water temperature, day
length (A) and gonadosomatic index (GSI, B) un-
der natural condition in male O. platycephala. Each
value is meantSEM.

Yoll= Yel=] g9t AzpaAchA] AR
129328 F¥3}o] 3€71x H2A 22 (Fig 3e),
490 80% & T3 271 & & 6ol 90% 2
W F 23 FFell o|25H(Fig 3g). 28yt 4
AEF AR YA ook AQAES
< 74 100%, 8ol 65%Fow, AF k&
ZI7HRIE Al EAslgdort 20% ol3ch w
gk 792 AYVAEFA, 88~ 1182 A2
71, 129 ~342 A%F7], 4¥~58L A537),
692 7158 A= Ao HoXcl

A L 790l Aol AT giler] A
A FExbe] Yehsich 8URE] A ATHA A
Aol G F oY Frhsle] 11¥€ell 82% 0l
olaglom, 12¥8E] Zrasle] 3URElE Vel
vz okgkel, ATl AR 1€ &
Halol 29742 18% olsi o, 3URE] 6¥7t
A€ 29%~57% 2 Z7hisich. AAgEF A4
B2 3YPE 6 YA FEIHH 12% ~25
% ek AYANEE 8Ydll 85%, 9Yoll 67%, 10
Yol 35%, 11¥0)] 10% & ZAslgon] 198
B Aoz Frlsle] 490 50% & 2 F
647t oA AxHe g Zhastdch webd 7

42 FYAE F47], 8€~1082 4527, 12
g~298 AsEN%ed, 3¥~6¥2 A%
71 7163 A% - FHAZNT AL FAldl &
Hale e HoZlh

FHbE L 7ERE 429 A AE e A
AAEE Ad Aol F33AH(Fig 3b). &
A A A AR 8ol 80%, 9¥oll 85% S
o1 f 1048l E F43] F4slo] 11¥5H 2%
72 10% olstglen) 3¥RE= JehbA st
o} Azl AR DL 84l 83l 10¥
Hel 43 718 1196l 75% 0] e]25lon]
(Fig. 3d), 12¥dl& 15% 2 F73%) 24 ¥
3UAAIE Fodh WsE Holz] ggton] 4¥%
Ble vehdA skl AAEE AAS3e 11
Uoll EHslo] 120l 82% 2 F48] E713F &
687 A 85%~95% 2 ¥ & FAs)
(Fig 3e, 3h). AYAZEL 8¥o) 15% 2 #4
slo] 10¥9 7€ 3U7RlE vehz] oka 49 5E
t}A] E8slo] 6°7EA 10% olslell B} o}
ZhA 7¥L AAAEFTA, 8¥~9¥ e HEF
7], 1082 4537, 11€E 71538 4%, 12
Y~6¥-2 FHAIZ Bt}

4. 85 2H|Rolxe] W3}

A ¢AH2 ¥F T 174,208-P9] 55 W
3= Fig. 5o YeRgith

dZ T #H3l= 1290 3.99+1.22 ng/méS
ou 3UTAE o3t W3k glglch aed 4
AEE] 0.52+0.14 ng/mlZ olA 5Yol & 0.17
£0.13 ng/mow o] ¥ 7U7A wd #F
o] ATHP<0.05). &} 8Hele 0.42+0.20
ng/mf, 11¥lE 0.61+0.09 ng/mlZ aks}A|
F7hlgen 12490 F43] Sk cH(P<o.
05).

FF 170,20p-P2] #WH3h= 124¥4] 0.19+0.01
ng/m¢ Row, 4¥7tAE 0.19~0.20 ng/méE
o8 #gh= gioic). 590 0.38+0.03 ng/mlE
T3 45t AF M £ FEE e
620l 0.1910.04 ng/méE 7H43 ¥ 11¥€71%
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B, Odontobutis platycephala (Iwata et Jeon) A9 AAF7le) W Ha wdd FF 44 2H=Ze|=o ¥g

Fig. 3. Seasonal changes of germ cell development in the anterior part (a, c, e, g) and posterior part (b,
d, f, h) of testis in O. platycephala. Scale bars indicate 100um. a : the anterior part of testis in July (sperma-
togonial proliferation period). Note the spermatogonia between connective tissues without seminiferous tubu-
les ; b . the posterior part of testis in July, (spermatogonial proliferation period). Note seminiferous tubules
with some spermatogonia ; c . the anterior part of testis in October (early maturation period). Note sperma-
togonia and spermatogenesis stage seminiferous tubules ; d . the posterior part of testis in October (late
maturation period). Note spermatogenesis stage and spermiogenesis stage seminiferous tubules. Small micro-
graphs were 5 times high magnification of marking sites (—) ; e . the anterior part of testis in December
(mid maturation period). Note spermatogenesis stage and spermiogenesis stage seminiferous tubules 5 f . the
posterior part of testis in December (post-spawn period). Note post-spawning stage seminiferous tubules.
Small micrograph was 2 times high magnification of marking site (3%) ; g : the anterior part of testis in
April (late maturation period). Note spermiogenesis stage seminiferous tubules ; h . the posterior part of
testis in April (post-spawn period). Note spermiogenesis stage seminiferous tubules : IC : interstitial cell ;

RS ! residual sperm ; S ! spermatozoa ; Sc : spermatocyte ; Sg : spermatogonia, St . spermatid.

o3 #3k= Koz etatcH(P<0.05).
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7ot

olF9 Hie FYMAE vFANYH AP =
+ lobula typed} tubular type2E A=At
(Grier et al, 1980 ; Billard er al, 1982).
gy HF Callard (1991 € HEFEY A4E
tubular type (E%, 2%, 3I5F)3 T3]
23] 23 el9 lobular type (FAF, BIFolf/)
2 Algkslgdet, Grier (1993)+& ©]& 23]
7o} 5ol A4l anastomosing tubular typed lo-
bular type2Z FEs}%.2.0, lobular type
AR Sdmol A HxE g o] DAZE FAl
o] 135+ hollow lobule type I stetuioll 4
ZdhAlvto] UEh= solid lobule typeE Al
Baigich SA] il AA B g $1x]0)
A} oje] WA whAle] el FAldl YERd hol-
low lobule typedl &3tcta & % Ick(Fig. 3
c).

o]F9 AAFIE Aofsle gHLIeRE
23 FF7171 98 Ao el ek Aida,
1991 ; Lam, 1983). 2&iu} ool wel 25
BFE7VA o] ALk v|X)e g2 ohE 7
o2 2#]x9rH(Nishi and Takano, 1979
Shimizu and Hanyu, 1982 : Asahina and
Hanyu, 1983 : Lee and Kim, 1987). &A+g]
N AE 7Holl HiollA AYAEET] F33
on, 8ol Az Aol AlAE At oluf GSI=
0.14£0.020114 0.18+0.022 /¥ Xole X
o]z] gkgkor} £2-2 24Tol4] 28TE d5elsl
o, FF7)= 13.9hLellA 12.95hLE Frobslet
(Fig. 2). wah4] ©]717 Ftel 229 #5719
Hlrl AzA Aol Fo3 Ao AzkEy
A5AYE Sl B o Ayt FEEojokkt
A A4S & F UdE AHolrh

e oFoll4 TE AAHA7EL F7ksted
HARA7)7E ARbEE Yol A B A £
23 J8-g ks Ao A= UK Fostier
et al, 1983). AolgldAe FABAR =
Aol 293 ¢S FATrhs Lix Ut
(Matsuyama et al, 1991). Al T

LN

1295€ F43%] $7kste] 39744 3.26 ng/ml~
3.99 ng/méE Bl F 480l F43] Frise] U
Wz 717R5eHe 0.72 ng/ml olstell wEFrt
(Fig 5). 12¥%E 3¥71x9] A4 HRHe}
AR AE ARG AAI] AR wlEol
F& Zog Hol AAYA F97 A%s
el Aoz AZHh

6 0.8
B a—a : Testosterone C‘E\
] L e 17w, 208-P los B
o Kl/l Z
L
g l 1 i 0.4 %
g /‘\ S
g «
] —zk I 1 .
5 { 1% 1 1\4/4\\ 0.2 .9
= 7 et il 4 .
o Q.0

IDec‘Jqn'Feb‘Mur'Apr'Mc;En‘JulrAug]Sep'OctTN;‘
Months

Fig. 5. Seasonal changes in serum testosterone, 17a,

208-P (17a,20p-dihydroxy-4-pregnen-3-one) levels

in male O. platycephala. Each value is meant SEM.

170,208-P+= olat ol FollA wiAE =3
Aoz d#HHcHUeda et al, 1985 Lou et al,
1986). EAteloll A= 170,20B-P+= 5¥ol| 0.38 ng/
nE surge Jel9l peakd Eeold, UmlA 717k
0.23 ng/m¢ olstgom, HaAA 5 WEe 1Y
BE] 6U7HA] doluhr] wfgoll 170,208-Po) A3t
A B AdAnzEe 4 4 gidich oF offl
ol 4 11-KT7F 8 androgen2.2 & F K Yo-
shikuni and Nagahama., 1991 ; Miura et al,,
1991). wheha] ofol] i3t <A77k v xlgdEojopat
FA12) 9 antete] vixE AHZolE FEEE
AYE Mo o B HY & Y Aoz A%
s,

8 ¢

X2}2l, Odontobutis platycephala 739
et AAFEE el Al 19954 12858 1997
W 119704 A4 FFA(gonadosomatic
index, GSI), A4 WdPd 9 EF ALH
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SARR, Odontobuiis platycephala (Iwata et Jeon) T3¢ HAF7)e] BE A4 Wy 83 Y4 2ot W3l

EolE v 2 & wglokg 2ASh A4 B
% 7ERE 10971 E F24R) 2ol
1TYEEls kL7 vloiala] S2Pole} RASE
Feich. GSI= 7456 9¥71%] 0.14~0.18%
o, 100l 0.43+0.048 ZF7}sto] 28742 &
23t W3HE Holx] gigtont, 3¥Udll= 0.52+0.09
2 Frhsg e, 597 nisdt 5 HE
goh7l, 6Yoll= 0.28+0.052 Yolzich
AAFE7N whE Ahe] AAAE g Akt
5, AR, IR A ohE oFAE Bk 799
R Ao e AATe] giglen, A=y
A o] oA AlAER] ok AR AYAMEE
T E ¢ Uitk ARRRelA A AldA g
AQBAEL 8Holl FHslo] 9URE 12¥7A=
80% ol4elgler 14¥RE 3YU7AE HXH o
2, 4¥ell= §743] Z&slod 6¥ole el
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