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We investigated the changes in body weight (BW), plasma sex steroid hormone profiles, and testicular
development of cultured male eel Anguilla japonica during an artificial maturation process. Eels that received
weekly intraperitoneal injections of eel's ringer solution containing human chronic gonadotropin (HCG)
were examined. In the ringer-treated control, BW changes decreased slowly during the experimental period.
Plasma testosterone (T), 11-ketotestosterone (11-KT) and 172,205-dihydroxy-4-pregnen-3-one (DHP) levels
in the control remained low and did not show significant changes. Moreover, all germ cells in the testes
of the control were spermatogonia. In the HCG-treated male eels, however, BW changes increased gradually
from the fifth week and then decreased slowly. The plasma T level increased rapidly (p<0.05) in the second
week and then decreased slowly. The plasma 11-KT level increased dramatically (p<0.05) in the second
week and was maintained until the end of the experiment. The plasma DHP level increased progressively
from the second week and peaked in the eighth week (p<0.05). The testes of HCG-treated male eels were
more developed than those of the control; most were at the spermatozoa and spermatid stages and showed
active spermiation. Thus, spermatogenesis and spermiation in the cultured eel can be induced by repeated

injections of HCG.
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WO (Anguilla japonica)= ILR717FR 9] FaojFo g
AR AFFHANeo] FHEA o} 100% AFAL
Aol Af Lol of&d BgAdgAo 31 gl &
St THEI o] BE = AWl FFFT 7HF o] BetA st
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H3loa e Agrl 3 Ho] ko v (Yamamoto and
Yamauchi, 1974), H A& FA A T4 HAATE A A9
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wto] A=A¢) Ao RusEa ) (Kumar et al., 1997;
Ma et al, 2004). 712}, HZ A7FET ] =W G2 A
Wz g A7) 1Y) sligol AT ZA GSI S7 "
Z7] G719 dage-g Ve i, 3 o4 GTHO
ek v ES STHIA FASEE ©5AZ F Joal B
SFATH (Kagawa et al.,, 1997).

R ka4t 3 WA ee] PA4 e tjRE HYMER 1A
Holx lom, o]ge MAE 4ol 7] AS3iuEtE gA
T g Aeo] FgEA et B3kt (Yamamoto
et al,, 1972). 1HB2 A Wol9 <l9A AAs e
human chorionic gonadotropin (HCG) * 2ol 2]3] A A& A
(spermatogenesis) ¥ Wl7d (spermiation)®] EHH o2 F=H
o} B33} 1t} (Yamamoto and Yamauchi, 1974; Ohta et
al., 1996; Adachi et al., 2003). o]&1gt o]H ] AFLEL 3
Wagolo] add 2 A e HCGZF AFA Y-S 3t
o), HCGY A 27|zt b2 A 4% A= &
E 8% d32Eof e 3 EHIEH FHITol Ao
o] Fo x4 g o}
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A¥ol (BE 209 TUFAAGY Aa) WFE d7h
AX AFrrol, F44 AA LT 5880 AFATE A
AR oz sjgo AAAT AR BE AEFLL 3
BHEE o] g3t 19.5£0.5CE FABRT, dolelolng
23 Aae FE3 TIEAUG APV F ARE TE

A skt

SE2E &0

34 4] o], 13] T2 Fof FHl AE S 93
Tag ID microchip (¢2.1x12 mm, DESTRON technologies,
USAYE Aol S5 493t mini portable reader
(HS5900LF, DESTRON technologies, USA)Z 7| IDE 28
gt} k44 271 WAool human chronic gonadotropin
(HCG; 1 IU/g body weight/week; Sigma)S- ol E73¢ll FALS)
DA (n=12), HET (n=6)= eel's ringer? (Ohta et al., 1996)=
FAVSHAT

OHE=d 3 & xHF

213 o]= 2-phenoxyethanol (200 ppm)Z P} 3l w5 o
AEAHE AAstd AFwsts FAsdn, dAAHE
heparing X 2|3t A3 & FAVNE o] &3t AFE AL
AAlsle] 4, 3,600 gl A 1587 A8 & ASAE AL
AHEEHAHor 5 AT ZE (testosterone; T, 11-keto-
testosterone; 11-KT ®  172,208-dihydroxy-4-pregnen-3-one;
DHP) ¥% = A7A] -40Co|A] R A3}

SIARM B HEH

dZF 19 DHP v 1454089 S EAA R
Al A Kim et al. (2006)2] ¥Rol whe} A A S
(Radioimmunoassay, RIA)° 2)8l Z33tHTh 3 EF 11-
KT RIAAIS] 91014 &4 anti-11-KT-6-CMO-BSAE Cosmo-Bio
Co. Ltd. (Tokyo, Japan), BI®HAM 11-KT E2&E-2 Steraloids
Inc. (Wilton, NH, USA) % #AHd £4] 228 [24,6,12-3H]-
11-KTE Amersham Life Science (England)2%-8 T3}
ZAA S T 11KT RIAAIG) oA Ha AEHe
10 pg/mLo) 30 assayl 9} assayite] WHEAFE 3.9%
(n=4), 73% (n=8)&t}. 11-KT RIAZAIS] Ao1A 11.KT &9}
dihydrotestosterone¥}+= 1.4%, androsten-3,17-dione3= 0.1%,

totestosterone = 7.5% % androstenedione= 0.5%2] W&
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Gt A WAoo A4 WY FARE FRls7] 3
AYF R F, Z A+ & 398 2-phenoxyethanol (200
ppm)E PN H BAE AE5he Bouin'sol YA
o 1A E ZAE-L paraffin Aol whel paraplast2 E i3
& uA 23 HAVE o)8std] Spum AV|E AEHEAHE
St Z+ 229 HHLE hematoxylin-eosin & & 0] 5G4 3}
Miura et al. (1991a2)2] W] wet A4 AL E FE3)
At

SAXME
SAAYE B4 F, Duncan's new multiple range testol
oA Fo4 AAES AABAT (p<0.05).
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Fig. 19 VERIATh 7} 1A (n=6) A F W3}l Lol diF-
o A FAF 15 F AFo] FUFIT XA 8] At
= 2SS vehiich €% AZ =82 (T, 11KT % DHP) 3%
Al A7 5% AESHA o3 T AFESL, T2E
o 7128 /3 Aol AATH (p<0.05).
HCG A& ol tit AFwsel U5 H4a =80 HEo
B3 AFE Fig. 20 JERIATE ZF RAE (n=12) AFH3}
o 2lojA ) AAE HCG T F 1557k HAH e
2 Z7ksla, o o3 RE AF TRIIWAA AA3E] A
ke AFS YeRIATE 2 RS tid €% T HaET
+ HCG T4 25 Fo)) 09620.099 ng/mLE FHHX] S LERY
3, B 43 & 0.81+0.102 ng/mLE ZAsl7] A|2Ehe]
To] 85 Foll= 0.26£0.031 ng/mLE A3 Ach 7 AAE
o i3t EZF 11-KTe HTFFEE HCG T F x&Ho=r
Z7Vl9 2, § 23 F4d| 6.95+0.606 ng/mL, $ 85 Fof|
A 7.83+0.954 ng/mLE YERAJAIYE HCG 5 &
2} 7178 93 Aol A (p<0.05). ZF A S 3k
8% DHPY FdFLE HCG 49 THE 3 A7z <
folF o g 2713l Ytt (p<0.05). T4 45 F 3 DHPY
BIEEE 0.15+£0.027 ng/mLE F23) S718tH 1, §9 8

ZF % 026+0.031 ng/mLE HWAE JERA AT (p<0.05).
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Fig. 1. Changes in body weight (BW) and plasma levels
of sex steroid hormone (testosterone; T, 11-ketotesterone;
11-KT, 17a,208-dihydroxy-4-pregnen-3-one; DHP) in cul-
tured male eel injected with eel's ringer solution (control).
Different symbols indicate individual fish. Closed circles (@)
represent mean+SEM at each point. A significant difference
was observed between points indicated by different letters
(p<0.05).
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Weeks after injection

Fig. 2. Changes in body weight (BW) and plasma levels
of sex steroid hormone (testosterone; T, 1l-ketotesterone;
11-KT, 172,208-dihydroxy-4-pregnen-3-one; DHP) in cul-
tured male eel injected with human chronic gonadotropin
(HCG). Different symbols indicate individual fish. Closed
circles (@) represent mean+SEM at each point. A significant
difference was observed between points indicated by different
letters (p<0.05).

of spermatozoa) 2 Z TAH o 921 (Fig. 3-B), thHE-H-2
NAENA vl o] FE= AT (data not shown).
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Fig. 3. Light micrographs of the testes in the cultured male eels with or without repeated injections of HCG. (A) Portion

of testis of male eel that received weekly injections with eel's

ringer solution (control). Arrows (in A) indicate germ cell

(spermatogoina). (B) Portion of testis of male eel that received weekly injections with HCG at a dose of | 1U/g BW. Abbreviations:

Sz, spermatozoa; St, spermatid. Bars indicate 100 #m.
oo

WA E T3 HFojFAM FAH37HL sperma-
togonial proliferation (YA X Z217]), meiosis (FFELE7])
18} 3L spermiogenesis (A 7N 37HA] AAH S E e
T e, BAAEZE FAREES B3 S48, ARAE
(spermatocytes)Z WSt LR E-S Fal v o] AAE
(spermatids)”} A 2= o] A2} (spermatozoa)Z H-3}F3HC} (Miura
et al, 2002). HFFAA] EHlHE G A 52 22) GTHs
(FSH, LIDE o7& X33 AFF=9] A24 347 T
#Bolste T8 SREOAN APH OB AREA Fa
GTHs®| A5l 93] Aior d-HE H8 2EHEol=
FaRE9] g o7 FTHr} (Nagahama, 1994). 22t} 4
ol ¢AH FA L5 o]5Y ARSEA AN WA 9
GTHY| §Asdo] nlofale A4s de ¥ FHFA 0] ol F
oA A] ¢k7] W] A ZEES At AHHoR
AREE FE3k AT

W3O (dnguilla japonicay®] 014, GTHS] Y& HCGE
s A HH HCGZF AAW Leydig cellZ AF=28ka] 312
T8 SG=2791 11-KTS & =319, 11-KT+E Sertoli
celloll 283t activin BE A4Fete] HAAMRES F4& =
gt gh A dedgel lelA DHP H-7AI7} Leydig
cellol A FAd=lo] AR EA)3t= 208-hydroxysteroidde-
hydrogenase (208-HSD)2] &<l 2j3l] DHPE &=, 53
#Y pHE 45AA AR 45 =30 214 A9
(Miura et al,, 1991a; 1991b, 2003).

Ohta and Takano et al. (1996)<= 4. japonica (14.8 ¢cm, 3.2
)l methyl-testosterone & 3155 A3 HxPAH 2 Wl
AL %3 v Chiba 5 (1996)2 A. japonica (29 cm, 30-50
g) FH HCGE FAE 23 &5 11KT s%ol g7l
AAV AA7L AR AT, 320m o) Fe] AAEL

F 11KT 5= Z7}el o) Aio Aol =AU
o]H 3 AAI}= HOGO th3h Wi =71 9] A d A
S AadA FAHE d=2A Aiegdd o3 HeEs
AAEa Jom, g wigo) A =2l ik
B3 ARAHA A7 koo & Aoz AZhET

B gt Ak 3 WA e el 85:7ke] HCG M
of w2 A9ARl AefX V|t g AT FF A2
2o Wl 2 AL dEddS ZAREGL 85 11-KTY
TET HCG A 25 THE F43] Frhste] o]F A%
SIAY fA5= AS R, ol HCGE A2e ¥
= Aol 11-KTE Aitste] ZLAEe] S2947
drEde] £83% 9EE AR Yehla Ak ®=,
B Apoa Wgole] 85 T $EE HCG ) 25 FHH
A% Z7hslod o)F HARF o7 7HAaskE AFES e
I, o] HCG A 25 FHE Wago] 79 A4 AR
FA7)o) Hole Aoz HUHL o]2idt Aile AFojFol
AN TE AP 7I17HESE Folste] AR 717 AR
HH Zago 2z AAIARGN 2% 98-S 3=
Hog gdeA Jdv AL YA S} (Fostier et al.,, 1983),
018 (Sardinops melanostictus)Ol XM= AAZ ARG = oA
HGo - Fag 9eg FIdtte RiE UTH (Matsuyama
et al., 1991).

Ohta et al. (1996)2 ¥4 5271 W40l (4. japonica)®l HCG
(1 IU/g body weight (BW)/week)S 5-657F WHE-FAFsto] A=}
A (spermatogenesis) = HIA (spermiation)s EHHOZ
=331, Miura et al. (1991a)2 ¥ X9 HCG (5 1U/g BW)
FAF 189 & AP o] FEHATI RastAnh £ A
4t W] A anguilla®] 75, HCG (250 IU/g 40-110 g BW)
2ol o) 3708 olulel A o] § =5 ATH (Khan et al.,
1987). ol2] g o] H 9] AFEL wigo] =79 HAdg B
A&l HCG7F A4 Q9-S YF53kar Aok 33, HCGE A&
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ZHA gt Aol Ao, Ohta et al. (1997)S A. japonica
HCG 13) AL £ 1,3, 7, 14 2812219 & ¥F Az =X
FEE 2T 47, 74 F39RE f43 Aol fivkm
Btk ole WAold o HCG FARME-S IdFY &
=7t A5t Aoz FaEn) olo] thsj B AFoA 2R
FAE Y HEo 2 Aoy dAAH = 25 HHe
E AN en o)He Ao} AHAH vne ¥ 5 gle
u, % olo) tigk AIEAQd AFE T E2E FAL B
283 g ARl & oz wuHY.

WolE LT thro] BEFolfolME HAte A5l
DHP7} Bojsle Aog BuE vl glon] doji} o]
dASAEE Aol AeE ¢eA Uth (Nagahama and
Adachi, 1985). DHP= AG=}ol] 2| Ao g2 2-8-3l#] ¢k AA
9] pHE 45 A1A A4 Ul cAMPY] S Z7HAF o2 M
Azre] $5 4R WAL AEdte 7158 FY3ls Aoz
HIE AT Miura et al,, 1995). £ QT4 857+ HCGE
FAEE =3 WAool 3 pHPY FEE A7 E9k
Aoz Frtele A4S et ol AR a4
ojF vt waatax AHAte] g ] FiolA A
o7 AiEe Aoz FHHAL

AEAHLZ B AFoMe g FA9] A9 Aee
GTH®] ¥E<] HCG 93] &322 28 + Uz,
o] HCG® FAtol| of3f] Aol A4t & EHEE T, 11KT
3 DHP9} 22 A3 2E9 Zgo s HzEA 2 ujAo)
olFoAH Tt g, Wi i3 TR HAY HHAH
AW REEA ol Bt Aot ubEchE wigolo) Ao
2o # Asa2Ee g3 YEY FE 7THE ¢
UE Aoz AzHET

K od

2

Al Al
2 At FTHFAAE (AN E w97,
RP-2006-AQ-028)2] Aol &8 =3 = dHc).
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