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Serum Steriod Hormone Level and Hematological Characteristics
of One-year Cultured eels, Anguilla japonica Based on
Total Length and Sex
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This study investigated sex determination through serum steroid hormone level and compared hematological
characteristics of one-year old cultured eels, Anguilla japonica. Four different groups were divided with total
length at 40~45, 45~50, 50~55, and 55~60 cm. Males dominated eels of 40~50 cm in total length group, while
females dominated eels of more than 50 cm. All females and males were immature. Hematocrit levels of males
(total length: 40~50 cm) were higher than those of females (total length: 50~60 cm). Hemoglobin content also
differed between males and females. Glutamate oxaloacetate transaminase (GOT) levels of 40~45 cm males
tended to be higher (157+3.46 IU/L) than that of other sized males, but there were no significant differences
between groups (P<0.05). The highest GOT levels were found in of 55~60 cm females (148+3.46 IU/L) com-
pared with that of other female groups (P<0.05). Glutamate pyruvate transaminase (GPT) levels of males and
females in the 55~60 cm size range was significantly higher thanothers (P<0.05). The result of this study indi-
cated steroid hormone content of males and females were very low, but testosterone (T) and estradiol-17(, (E2)
contents of females were higher than those of males. For further research of sex determination in cultured eels,

it needs to investigate in more defined body length.
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olef B A7AtEo ofsf 43 =0 girk(Fontaine, 1936; Yamamoto
and Yamauchi, 1974; Tanaka et al., 1997). 221} o|& st 43
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AL 2A viE Warbe Q4 B31E sk oA
% 500 g o)el AL dFlez, 300~500 g2 FACE BH
3l Ao AME-ETH(jin et al., 1995, 1998). E3F WAt
& ojAY] AHETH: AV]Y & AWES BeYa By
# Bl RS (Colombo et al,, 1984), AL WA S ARR
sl TEE M E T UAFAN S friee B AARA
J R wEe] o] Pasi

H ot B39 eFeZ 3l WAoo APl i
313z, Aol XolR AMETFsR 2719 WA E A
o] Az} oJHAA L J= AolE2 AdNTE 9] 9%
AR o] 7Festar, 7HA o] a4 ol A 7HA] A
BH o] &oldt AL WAE o2 3t A%
< =LA e A7 AESAL QTHOta and Tanaka,
1997, Tjiri et al., 1995).
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e, AR W] EE A w7 2 A &
g T Wyol BEEA) o, Mgt g I, 1
TL 59 55 3 solM FA=T o ¢ - 59 HlE
o] Adatal= xpo)7) 912 Aoz Azt AAE K #E (2001)
< AdelA A¥E WA e of - & Bzt 119 7k vt
alo], AR 7] HIgo] 953] Fri B € v itk 2
HEg AL W E o) gdte] AFE TEAY Ve
Y| YoM e s2roZ A5 fEd6 UM, AA
Aol Al A EHE-E FHE dart .

mepA] B ApeMe 2] 194 WAgelE o] gty HF
o] 72 WRH|EA A HAYEE olssket] E=80] Fota
dHA e F AHEo|= T=E FHEk(Young et al., 1982;
Kagawa et al., 1984)3} Adu]e] HHA] S 2AWSIA, o2 &
HEHH Pt A BE AT W @ pE R A
o] FENE g 712 AEBA AME-EA ek
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Adole g sl AXT FUgANA AP 40~60 cm,
A% 100~400 g Atole] 184 2] WAl (n=50)8 T3}5ted
o] &3t th(Table 1). WA E AAXFTS AT ¥, FHENE
= FHA FAAskA A W) 2,000 L FRP 200 Eo A
£ A7A olg ZEHLE 3 YA Hals FHAsE)
et 1597 AN ol 22 24°C FoH B E
o] &35t}

TA7F 458 W= oA 9] =)ol W 247t 453
A G1: 40~45; G2: 45~50; G3: 50~55; G4: 55~60 cm)o & U}
2120, 2-phenoxy etanol(sigma, USAYE ©]-&3l] uwl3 gt
%, n R A FaAE 22 g 1 ml FAPIZ EHE AHFH
sl Aol ARSI siF £ 7 AAAE FHIAL,
Aaae] o7 e FEFE B3 1AHoE o - 75 U,
ZASA FFZE AAs FRlsidh.
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Table 1. Sample size description of cultured eels!

#2% + olAg -

10% 44 F22Ao] 1x} 743}, Bouin £ (picric acid 75
ml+ormaldehyde 25 ml+acetic acid 5 m)o& 23} T4
o} olF mEhd A wet 4~5 ume] FAR HHI o,
haematoxylin®} eosin® 2 ©|5 Jasty, Fatdn| 4oz #g
slo] 7R Aw)eh A4 dg GAE s

83 528 =AM

W zto] 87 estradiol-17B, testosterone?] ¥ X (ng/ml)=
Aida et al.(1984)2] WHo) @l RIA(r-adioimmunoassay )=
o] &3t o] Rttt A ZolE FEE ¥ 200 well 2.0
ml®| diethyl ethers 713t 2 £ £ 5~1027F -80°C
‘el Al WA BT AE2] F7] Bl S (free steroid)IHE: Al
ol &4 4A FE7E A AxANFHeH, 99 & 3
AL 28] e AT 4] FEEL 1 mI9] 0.1% gel
PBS €58 (pH 7.5) A|-&3=jo] BZFE wj7kA] -20°Ce]
BABG '

3.84~0.03 ng/m7FX] 8HAE wHE0]Al standardet A E 7+
Z} 200 piel] 3HS.Z WAL A9 2-H| 2] = (NEN# Amersham
A1F) 100 pl(eF 10,000 cpm)¥] H7} & 5]4] &A|S 200 WITLr
B WHAA 4°CElA 12417 B wheA ZT 3 3k 9)
A% 48 L 2elsb] 998 DCCldextran coated charcoal)
§ 250 WA F@rste] 4°CellA 15870 g 3 Ad4E8(4°C,
2000XG, 15min)3 7, 2¢E 45AE FHakq 7]l 3 ml]
scitillation cocktail(liquifluor®} toluene®] EF)E Wi AA) 4
FAZ7|=2 &4}, Estradiol-17p, testosteroneol] that &t
A SigmaAlFS AHESIAITH

st Mok xAL

A Ao FulEAT EHL, %)= micro hematocrit’d]
(Micro Hematocrit Reader, Hawksley)ol] 9J8) 24 3s192H, 3
RE24 gFEHD, g/dly2 cyanhemoglobin ¥ (Yokoyama, 1960)°]
93ted AT o] F e FAHE F2olA 102 ol ¥
2Rtz 94 22(12,000 rpm, 5 min)dle) D g B
A A7pA] -76°Cel] BEEAY B FFEA L (g/dl), GOT,
GPT, & @A &= A ¥47](Viros DT 6011,
KOREA)E AHE-3l51t}.

Sex of cultured eels

Hormone Male Female pg}g%s[d
Gl G2 G3 G4 Avg. G3 G4 Avg.

Total length (cm) 434 475 51.5 59.0 50.4 51.3 57.6 54.5 0.20

Body weight (g) 115 138 172 318 186 182 320 251 2.55

Testosterone (ng/ml) 0.10 0.06 0.06 0.09 0.08" 0.12 0.14 0.13* 0.01

Estradiol-178 (ng/ml) 0.05 0.03 0.09 0.03 0.05° 0.14 0.14 0.14* 0.01

n 10 7 8 7 8 8

'G1: group 1 (TL: 40~45 cm); G2: group 2 (TL: 45~50 cm); G3

: group 3 (TL: 50~55 cm); G4: group 4 (TL: 55~60 cm).
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A8 AEE SPSS-PC B-A HI|AE o]83tod, one-way
ANOVA ¥ Duncan’s multiple range testo] 2}sle] B4 3)t).

4 3

WAoo |

FAAL Wl e] A7) W& AHle Fig 19 vepd vle}
Zth, B Ao 2ARE Glage] Waels 100%, G2 2§
ME 75%= FR Hlgo] %o, ojeh= vz G3

Folde 4R v¥I7E 67%, G4 2FAA= 72%7)F GAeR
e S 2717} 348 9219 ) el B8 2
Ak, T olE AHiel 9% Fet PAe W) AHA
o AFHA FrhA e 94—r ST E

a7t WS ER)YS de HPoR FE RE/R 9= A
Atk EF FRL £HE Moz ukAF ] QA7) B
Aem, PR Fe FEo) AL AAE ol AE B
2 HFEY. 24 #Ee T A4 9d dAe &
HARAE GAE Yebon, g3le] Zex A 1
2 GBI 2A dio] FAEE A4 v 27 |dAg
(Fig. 2).
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Fig. 1. Sex ratio in relations to total length (cm) of cultured eels.
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GE

WEo| e - o HE MS=2E #
A dAe A N TEE FF F Testosterone®] 33
2 008 ngmlZ YERS F3 250 vj8) 43 250 0.13ng/m
2 Yeht Aol B2 3he B9.0H, Estradiol-17p] &3k
g 4 2F(0.05 ng/m)©] $HLE(0.14 ng/ml)ET} F-2) 3}
52 A7 YERAATH(Table 1),

WEo| 2 - o] Hoysty Mo

Wato] A W sntEAREY A= Table 20 UiE}
Wiglel. =739 F%o] 31.7%E 37.7%2 4R TERT *e
@& HeERIR oY, Fo2k= gIATHP<0.05).

5 ARFEN Y FFHE £ 140 gdIE 114 g/dIE B
A A ZFES 22 & e Y, frolAte itk
<0.05).

F719] GOT Z7= 152 IULE 125 TULE E9 95 2
EET foa L e EYOHP<0.05), oS W&
GPTY AxE 47 2§80 3 ZFRT 2 S veh)
k. % Protein®] 3 glucose TS o - 5= TF Alo]
of frolgh Alol& fep=] gtk

n

AntR o ko] Sl FQF THAE TN E B oF
o] ALtz FA BFA QIFH o AAs A7l
A EE FHIL Utk )AL Pt ApA L] AR Aol
oA 7Rlske o2 ofeigt AR Afol7t W2 HIBA
2ol A&)a} gkxl o) Hlg-L 7‘35}7‘)‘/} T AAAe] oz
AsE g F A IR Ftt 53] A4 deie v

AL ofe] A&l oA HEHIHR 2E A JFe

9@ 4 e 2EYAE A%tk (Donaldson and Hunter,
1983; Sumpter, 1991).
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Fig. 2. Gonadal histology of cultured eels. A: spermatogonium in testis of male, B: primary yolk globule stage in ovary of female; S: sper-

matogonium; Oc: Oocyte; Bar: 50 pm.
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Table 2. Hematological characteristics on sex in cultured eels’
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Sex of eels
Character Male Female Psogll\c;.[d
G3 G4 Avg. G3 G4 Avg,
Total length (cm) 51.5 59.0 553 51.3 57.6 54.5 0.20
Body weight (g) 172 318 245 182 320 251 2.55
Hematocrit (%) 315 31.8 317 425 32.8 377 0.51
Hemoglobin (g/dl) 13.9 14.0 14.0 11.7 111 114 0.25
GOT (QU/L) 155 148 1527 104 148 126° 0.73
GPT (IU/L) 2.78 5.03 4,01° 6.11 8.87 7.45* 0.16
Plasma protein (g/dl) 5.30 5.75 5.37 5.83 5.60 5.72 0.10
Plasma glucose (g/dl) 73.5 96.1 84.7 96.5 66.4 81.5 0.70

"The values within the same row with different alphabetic letters are significantly different (P0.05). GOT: glutamate oxaloacetate tran-

saminase, ° GPT: glutamate pyruvate transaminase

2] A= Be 2olE Ro|x o g o2 #A4 =74
2 FHOo R HER3) 71 F93 YIS F= RA0EL
B3 #H vl 9D’ Ancona, 1957).

Matsui(1952)= #7gol7F A alshe o8] A QelA Ak 2
Z 37.5%7F A9 A o) A TR THEEIAL,
228%= 43S AT & AT 3HF oo, F2ate] H-go
Aol Hl&2 0.5~8.6%F Ti-$- BTl 313 Th 3t Tzeng et
al.(1996y2 42 el 20 v1&)/m*e] W ok (semi-intensive)
%A e g ARRE A3 40~55 cme] oA Z7] HWY] WA
© T 7} E42H, 60 cm oM E YA H7F =0
3 BIF Qo 2 AFoX e 1894 B3e)e] 37]
o] W2 Au]7} 40~50 cm W29 WiFole A= R &0l
75~100%Z vi$- E& 8|82 HHL, 50 cm )] A A
AR 4R vlgo) T4 #F H9, )59 A7 FHA
g S B, ole At BAele] 4AA gQlo2A
A deiehe BE G U] 8 819 5848 ARl
e Aoz Aztd) =3 o) A7AERossi and Colombo,
1976; Poole and Reynolds, 1996)° 2}k 7+e Aj7]ef a7
3 FEA WA (Anguilla anguilla) 38 2717} A HT
Aty Baste, 4% g9 Aduje] B[S A HE Q)
o}, Ake g8kl vitkz WiE 7 s WAl (Anguilla japonica)
NMe e Mg YA HAF Atold] {97t xlolE Kol
A =TT W3 (Tzeng et al., 200008 H}= lo] Wao] QF
A3t $219] 47 ztold tidt AAIE AT F= jirt

ZAEH AFE B GG TR YL dd dAE B
E oA zujolr wd 27 SAIFH: FAEAE, 43 AR
@77l ME e, A W els vAdEet AdE
(immature)o]B] ARHARQ] 4] 273 stME A=A e
3 B 73 Yamamoto et al.(1972)2] B9} AX)3= Ax4Th

Fat Wolo] HF FEEY FEE T E, BF I3 ¥
2 @S BYon, 328 g B3 Pl s f=
AE-e AAE B AFA(iro et al,, 1995)7F 23131 Wto) 2]

s A T B 8% 328 3] ZH2t 0.25~0.29
ng/ml, 0.1~1.3 ng/ml Athe Aol HIFAMZ o9 e 2h-g
Bk 22y, B Aol AR A siAe]o) vls) ¢
9] T, B9 g Fo3A &4 veht Aol W& zjolg
2 = ATt o|elst Aol 9JstH, 45~50 cmo] WA F
2ok 7t SR F Aa|Le] 89 BFo] o], AAke] e
of 9Jgt HAZAAo] EVtsstdoy, 8% 32 #F Y
(T: 0.044 ng/ml, E;: 0.012 ng/mDE 1| Fo] BYL wf, $£H O
2 ¥slslo] F AANZ At & 5 Yo, o]} 7o) wiAte]
o % S 2E e A4 g oy s A6 #
g A7 AlEH R o]RojHof & Z o g AlEHT)

F2Ab wigole) SrlEAZE 33 drIeHl e F
dg =27] WellAe o - ke 27 o7t it 22yt
s rZFEde] gz EAst 27|(50~55 cm, 55~60 cm) Wil
Ae A AAE SRR B dEZay §3e e, A
3EE A2 A ¢ARH $7] A J4E& v|w g Ochiai
et al.(1975)9] A3} AR ot 22y B4 ol
S| Adke ¢ - B 2719k AdRglo] frolgt Ao
2 HolA] &gten 530~5.83 g/dle) WHE 6.5~8.6 g/dl9]
UL E 23] Ochiai et al.(1975)2] Ao vis] ok e e
LERH AT

GOT, GPT¢} 72 €% transaminase®] 3L o] #F¢] 7+
N9 2AHETHR] S-S 7HETe ARZA AR R
(Kristofferson et al., 1974) & A-Fol|M F2]4k wizto]e] A
ZAEEE AR 1% YA AR 2A AREE U=, GOT
e o - BE 104~157 TULS] HSol o], FAat 8
(A, anguilla)?] 154.2~311.9 IU/LETE o 22 HIE U
Epi o™, GPT #h E8 34t ¥740](20~30 TU/L)ET; 3
& z+e B ch(Balint et al., 1997).

AF7HA S 145 dgols AFFEAAN o] 8317]9
T 2 d%o| ojti WdEo] kAN 2R ArAEC] 2
2E Al O s Ayt Fokal sk ofn] FAlat $3
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£ o838 A% FE9 HFoR 2 7FsAol AlA] 2 vl Qo)
(Yamamoto et al, 1972; Ohta et al., 2001). WA <1T=Q A
Aol lojA] A Mo 9] AME: THeAS 0)7] Y3 W
9} dFo A HAHA)7)(Colombo and Grandi, 1984)2 <&
A Je A 20 cm Z7)NMEE 60 cmoll 0| 27174R] TRk
& AR ES A7) WE AJu] Wl B35 ZAP} o] Fojr ok
g Zle)th,

2 o

G WAoj o] o] Z7)o] WE Ao} dAskE] A 2
A3 EE TS AT A 40~50 cm Alo)e] wiA oo
Al 2 H)Eo] 2O, 50 cm ©)4e) WAool = oF
Ao vl go| foAsiA & A48 Bt 2 ¢ - F =
T AL U 2] GANT A gAY FAsE g4
o oA FEEIZE ZH 40~50 cm L8 2] £33 0] A7)7}
& A 2FY AFAEY & S YERIIL, dRFE &
F2 Wie] AFE Btk £39 % GoT 2= 1A
40~45 cm 2FIA 1574346 IULZE ThE 280 vld) =&
g YepiR oY, froake gldled, gRle 1 & a8
55~60 cm@] WiAo] o] 148+3.46 IULE §231H =&
& HATHP<0.05). GPTY ZA34= ¢ - & BT 55~60 cm
o] folsAl & S JERIATHP<0.05). 8F H35=
B S & - F EF g 22 gE 2o, 39 )
3} 4R T, E; §Fo] ¥ vehdt)

#HAtel 2
o] =2 2002 e TG FHATA LA

93t d3d AF=E olo ZHALE= YU th(KRF-2002-005-
F00001).
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