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Abstract

The sexual maturation of the male eel can be induced by injection with human chorionic gonadotropin
(hCG). However, sexual maturation via hCG injection results in the irregular production of low quality
sperm. Low quality sperm have issues with low fertilization and development rates, even when fertilizing
good quality eggs. For the stable production of fertilized eel eggs, the development of an effective
technology for the induction of sexual maturation in male eels is needed. The current study used varying
hCG concentrations (1 IU/g body weight (BW) or 5 IU/g BW), and injection intervals (once a week or
twice a week) for the artificial induction of sexual maturation, in order to observe the treatment effects on
the quantity and quality of male eel sperm. In addition, the milt from eels obtained after induction of
sexual maturation was collected to compare and analyze the production periods, production volumes,
motility, and velocity of the sperm. There was no significant difference in sperm motility or velocity with
varying hCG concentrations or injection intervals. However, the treatment group with once weekly
injections of 1 IU/g BW hCG began sperm production at 7 weeks, while the treatment group with once
weekly injections of 5 IU/g BW hCG began sperm production at 6 weeks. The treatment groups that were
injected twice per week with either 1 TU/g BW or 5 IU/g BW hCG began sperm production earlier than
the other groups, at 5 weeks. The treatment group with weekly injections of 5 IU/g BW hCG had a
sperm production volume of 55.3 ml, higher than those of other treatment groups.

Key words : Sexual maturation, Spermatogenesis, Anguilla japonica, Human chorionic gonadotropin

I.M 2 Amdol s AEsle] 719 B gFrownt
FAHR AW 7 Fas, BHed, 9E o
Wgel(eel, Anguilla japonica)FHE AATHE = wgol gaAe] FASA Pasa U= A

* Corresponding author : 064-780-5470, kimjh0403@korea.kr
s B A7E 2Re00e A QR018035)0] olal £9HLY,

- 1578 -


https://crossmark.crossref.org/dialog/?doi=10.13000/JFMSE.2018.10.30.5.1578&domain=http://english.ksfme.or.kr/&uri_scheme=http:&cm_version=v1.5

gael el F5asl
30] ofel 94 Fotrlo} 4
N W] ABFALE o) B A7)
k3] a7 Qth(Lin et al, 1998; Liao et
al.,, 2001; 2001; Lee et al., 2015;
FAPN 7%
&

Tanaka et al.,
5 % (Yamamoto
1974) 20003t} élHMM A A st
1 O W (Tanaka et al., 2003; Lee et al., 2015), 1%
Aol Az As A% 48 2 #
& Fo] ol PP A FApEAte] o A
Jo]th(Kim et al., 2009).

Wao] HojolA SN TEEE A &
aL 370 o) sflroll A ARk Sl Wigol <]
A2 259 (gonadosomatic index; GSI)7} <F
223 % FEoE TVt RAETL 7] T
FA7I7HA st ARE o o] W e 9l g
A Aol dojuA]  =thKagawa et al,
1998; Kim et al, 2007). ¥k, 471 wigoie] 7
G Ay AHagdo] EA grevan g A

SJTtHOhta et al, 1997b; Kim et al, 2006). ©]&}

et al.,

Lo, Waol: 2o ¥Fslel ge AsA
A8 2HS Ed AL dg ul Agass o

o

£7F o]l E 9 (Kagawa et al.,
A 9 ZEEQ AoHIFAFEE
(salmon pituitary extract; SPE)& WHE F=A}s1o]
’4/d4& 535k (Ohta et al, 1996a; Kagawa et
al,, 2003; Kim et al, 2007), 5% Wao]e] A4
Az7F EREY g /;jz}é{—g_‘ = (humanchorionic
gonadotropin; hCG)%] HHEFANE 3l A4
=gt
2001;

2009) 01—7)-1 B@X]—O]/]

(spermatogenesis) X Hl|”d (spermiation)=
(Yamamoto et al., 1972; Miura & Miura.,
Kim et al., 2006).

o] A wFo] F7gtel whet Al Aol <]
AREFE 7l A &) AgE e 9l
A 7HOhta et al., 1997b; Kagawa et al., 2003; Kim
et al,, 2013), A=Fe] A s fe 22 A
Sk 7e ATe AdAes BSet 44

WENO{ (Anguilla japonica) 2l MME=R{T &1}

el F= ARgeHE hCG HHEFARS
A7) <kt s AT
o]5 Ho|m(Ohta et al., 1996b), & A #}2]
?l%ix} *ﬁ*}"] TET TS A=
A Wge] FAEAE S
| O}L]E‘r 28 BAASRE VEs
et A F91 s A el Atk
b 2 Aol A= hCGE FAF FE B 3E
Aol wE 1|7 FH(cumulative milt volume), 7§ A2
&5 (sperm motility), 55 S (the average
path velocity; VAP), 24125 S (the straight line
velocity;  VSL), W55 S(the
velocity; VCL)E H|iZ 5
gole] Aare] o LeAde Y
72A RS Alwstaat ekt

ne ﬁ iyl

curvilinear

1. algiof

Agolz olgd FAN 53 Wl (Body
weight : 345+39¢)= A FFT 249 WEF
o 5w AATHME A AHGFe AR
FHEATLY WA ATEOE o) F3ho] AF
Aol AA A5l A3 w2 A7 &
28 Aol AW TA Fujste] |
ton FRP 0] $839th AS5E Bed o
TE TSR IHEAL 7S 20605TE
fASoR, MEe Aguhe Bx1sko FPol
e AAES sk 4F7HEE W
o Wl Bk Y3l

WA AEE Slel Agole] & 5ol micro
ID chip (&2.1x12mm, DESTRON  techonologies,
USAE  AFYstod, portable
(HS5900LF, DESTRON technologies, USA)Z 7} A
IDE 21Tt

mini reader
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7k hCG Fieel whE FA 24 nlw

hCG (10000 IU, Daesung microbiological labs.
co., Korea):= Nagae et al. (1996)2] e whz}
eel’s ringer solution (150 mM NaCl, 3.0 mM KCl,
3.5 mM MgCI2, 50 mM Cacl2, 10 mM Hepes,

pH 74)& Axste] AA w2 A8t AHE
33lth hCG FEel wWE AdsFE &3 4
AR AFsl] Qe A4 AT sEE
FolFEE 1 IU/g Body Weight (n=8)9} 5 IU/g
Body Weight (n=8)% 43}t AIFE=Z 3
A hCGE 1273 F 13] B4 wbE FALe}

of Adss FEISIth 28 FAF A, AY
i 2-phenoxyethanol (200 ppm, Sigma, USA)°l| v}
FHAANA AEHof o3t AEYAE AT S5
FTEE FAF & AAHE T S cws]
$38) 30%37F OTC (Oxytetracycline-Hel, 30 ppm,
Yuhan, Korea) F&IH-E AX & ASFZo|
FEITE A F 28(ZEE FAF A
FARS- 344 AASHAH

Lk hCG 7o ZHA el whE gk 24 vl

=2

9o} HAF W ow A|F3I hCGE 1 IU/g
Body Weight (n=10) HE+ 5 IU/g Body Weight
(n=10) F=Z w5 23] 3 M) 5 FAbs
of 125t SR AdS sl v
B okg e 4] A1EE P BAA 5
Bapgla AP F 28, TEEFA o] A
Ashe.

g ol g3t A
AL AAG F HF=77
skl AGAver A S8
Rl A= A SA] Ohta et al (1996¢)2] 1
Hol| whet AxsH A3 (Artifical seminal
plasma; ASP, 149.3 mM NaCl, 152 mM KCI, 1.3
mM CaCl2, 1.6 mM MgCI2, pH 8.2)°]l 1: 499] H]
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A s W eesEE S48k 8
o] AMEAE Fzet dHE MTFE 19
o Mg Hol A BHE FE T, A4 3
24821 7](Hemilton Thorne, TVOS I)E ©]-g3}o]

=
57 (sperm motility) ¥} FEE(VAP,
VSL, VCL)E 7} 33 433t = 4
A H7 Aabete] FArRFAaakE el
o}

5. SAXE|
EAA Y= EAHEAT ¥, Ducan’s new multiple
range testl oA A AL AAST
(p<0.05).
m. Z 2

1. 3 13| hCG s=(1 E=

e Ao 254 EE X
hCGE 1 IU/g BW E= 5 [U/g BW 9] %
T 13 FAkte] AdSS FEsITh 1 Iug

BW A3 A Ag 75k AwjgS A
skl A ol Algtel] wet Wiy Ere] Sh
sk3ith 5 1U/g BW A3 49 A7 67kl
A S AAea, 7Y WA o] F4
A Z718FAtk(Fig. 1]). 31, 5 U/g BW A&
T 1 IU/g BW A3F¢ vusteles o 854
o} 107k wig ko] FeetAl A dErst
(p<0.05).

AFFTEA 1 IUg BW AP0 Ay g2
1025 ml ©]%lal, 5 IU/g BW A3 2 +2uj3
2 5534 ml 2 YERY 1 1U/g BW AR
5 IU/g BW A37-2] wig=Fo] w3k

AEZN
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[Fig. 1] Changes in collected milt volume during
the experimental period. Milt is collected
before injection with human chorionic
gonadotropin (hCG). * indicates significant
differences between 1 IU/g BW and 5
IU/g BW (p<0.05). The vertical lines
represent the means £ SEM.
100
[ 71U71 time/week
B 5 1U/1 time/week
80 _ T)*
§ 60 4 L (
g
% 40
&
20 A
0 T T T T T T T T
o] 1 2 3 4 5 6 7 8 L 10 e i 12

[Fig. 2] Changes in the sperm motility in milt
collected before injection with human
chorionic gonadotropin (hCG) (white bar:
1 TU/g BW/once a week; gray bar: 5
IU/g BW/once a week). * indicates
significant differences between 1 IU/g
BW and 5 IU/g BW (p < 0.05). The
vertical lines represent the mean + SEM.

hCGE F 13] 1 IU/g BW = 5 IU/g BW2
FTEE FARILE W A S Akt
([Fig. 2]). B AdTolA AAsdS AGA
nith ztolE Bl 1053k AP st At &
T4 1 WUg BW AAT7h oA =3k,
11572h= 5 U/g BW A3 25730 23t

¢

0A

t01(Anguilla japonica)2l MM&E|E =1}

1059} 1155 Al 83k
2ol & YERNA] 9%
T Al A

A E=%Hp<0.05). T}
LA B Al i el
o} Ak
s}

S7He ArEskglth

VAP (m/ sec)

V8L (m/ sec)

VCL (#m/ sec)

1 1U/1 time/week 51U/ time/week

[Fig. 3] The velocity (average path velocity, VAP;
straight line velocity, VSL; curvilinear
velocity, VCL) of the experimental groups
(white bar: 1 IU/g BW/once a week; gray
bar: 5 [U/g BW/once a week), during the
12 week injection period of human
chorionic gonadotropin (hCG). The vertical
lines represent the mean + SEM.

hCG Fxol wWE F=He] 545 (VAP, VSL,
VCL)E ZAFsIth([Fig. 3]). 1 IU/g BW A3
ol AEE AR FEHEEE VAP
77.25+7.33 pm/sec, VSL 66.98+7.06 12 m/sec,
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126.46£9.37 pm/sec® LEFSEO ™, 5 [U/g

BW A3FoA AqAH G2 &5H5EE VAP
1 78.25+4.96 pm/sec, VSL : 68.09+4.96 1m/sec,

VCL :

126.7145.60 zm/sec® YEFSTE hCG =

T zpolo] whE Fx FEHE He] #2d 2o
= UERRA] kAR 5 U/ BW AT A4

ALEEE 2T ME 4TS Rk

2. 3 23| hCG sE(1 E=

S
W2 Al 25N U 2SEE T4

23] 1 IU/g BW 2g+2 4

o =

i
1o

T AY 57k
A WAe ARAAT 105 ol FFE WLl
wAsHA S7retelth. 5 23] 5 1U/g BW AT
£ 49 sEA R APE Agsl, 75t
2 v sFo]l SUFSEAAINE o] & dAs AEgS
e A QATH(Fig. 4]).
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[Fig. 4] Changes in collected milt volume during
the experimental period. Milt is collected
before injection with human chorionic
gonadotropin (hCG). * indicates significant
differences between 1 IU/g BW and 5
1U/g BW (p < 0.05). The vertical lines
represent the mean £ SEM.
AAFEEA 1 1Ug BW AT A g g
4438 ml ©]Q1aL, 5 IU/g BW A9 F2uj%

25.60 ml® UER} 5 1U/g BW AdTFHT}

H - guT - obEDl - Yol - AkE

1 TU/g BW A3 FAuj ko] @kt

hCGE 5 23] 1 IU/g BW X+ 5 IU/g BWY
SEE FAESle W AR &EA
o BE AT AR AP AR
zto] 5 Ko 1052k st YAk 5%
& 1 WUg BW AFF7F fFostAl =3t
(P<0.05). 107& Alglstal g2 542
2ol & UERA kot AR s T 2
3] Fole A= hCG FEst #AGle] T F
742 W39 th([Fig. 5]).
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[Fig. 5] Changes in the sperm motility in milt
collected before injection with human
chorionic  gonadotropin  (hCG) (shaded
bar: 1 IU/g BW/twice a week, black bar:
5 IU/g BW/hwice a week). * indicates
significant differences between 1 IU/g
BW and 5 TU/g BW (p < 0.05). The
vertical lines represent the mean + SEM.

F 23] hCG Fo] Fho] WE Ao L&
Z(VAP, VSL, VCL)E ZAlIIth 1 1U/g BW
Aol AH A FFEHEEE VAP
81.56+£3.31 pm/sec, VSL : 70.51+£3.39 pm/sec,
VCL : 138.7143.06 pm/sec® LFEFEO™, 5 TU/g
BW g -ola AAE xS &FEEE VAP
: 7625490 pm/sec, VSL : 63.59+5.55 pm/sec,
VCL : 129.53+4.61 pm/sec® LFEFSTE hCG &
Lol W2 Aa E%EE 7H 93 Aol
B okgkA|RE 5= 23] 1 IU/g BW A9
A EEH 27 wE F S HSITK(Fig. 6]).
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hCG s % F0f 2+l mE QAN =34 WA (Anguilla japonica)el M&E=RE E1t

VAP (] sec)

80

]

VL (m/ sec)
3

VCL (/] sec)
o
-]

1 1U/2 time/week

5 |U/2 time/week

[Fig. 6] The velocity (average path velocity, VAP;
straight VSL;
velocity, VCL) of the experimental groups
(shaded bar: 1 IU/g BW/twice a week,
black bar: 5 IU/g BW/twice a week),
during the 12 week injection period of
human chorionic gonadotropin (hCG). The
vertical lines represent the mean £ SEM.

line velocity, curvilinear

v, 1 &
 AFAY hCG TR} Fo HFe i A
A FEAAY EEEE % Aol AT
a8y F 18] 5 WU/g BW A3 oA sl o)
}-0)-

< JYHME (Spermatogonia)’} T4 ste] 12} A
B A3 7](primary spermatocyte) 2} 22} A FLA| 7]
(secondary spermatocyte)E Al WAL A A
E(spermatids)= st HAPHE (spermiogenesis)
£ F3l A AKspermatozoa)’t ¥+ I o] thMiura
et al,, 2002). Woe] AaAPA R NA hCGE
Leydig celle A=3l%] 11-Keto testosterone
(11KT9 TS fFE3th gA4E  11-KT=
Sertoli cells A=3t s ASAA F2 W
ol 19 e fT Y TEECR
F2 hCG7F AMEET Y thMiura et al., 1991a;
Ohta et al.,, 1996b; Kim et al., 2006). Ohta et al.
(19972)¢] hCGFo] § 7 WAl F 3=
2 sEwste] ek Aol =W hCG FAF F
143 dF hCGe s&7F HuAE B F
Zaeskar, ofolA FAE - 3Uxte] IF 11-KTE
SE7F HIAE B F AAE] AaEgith ®
3k Miura et al. (1991b)2] hCG @Y Fofo] u}&
g% hCGSF 11-KTE Al thgt in viro AT
oA EF 11-KTE hCG 5% 9EH & W3t
o AAdge] HuHth & A A% 1 U/
BWE FARSH A3 HTE 5 [Ug BWE FAMSH
Ao ol 15 we] AFESd= o9
Z& A= hCG FE ztole] ofgk Zow Ko
ek m=gk F 233 1H4) hCGE FAFS A9
T A wjgo] sFEAfe] Al A At
hCGell 93 AW 11-KTS] 557t A&H 07 F
Aol Hao] AL7|te] vluwA Frold Zow
dEnh o5 SIvHEete] AL FA WA
o] Q91 AAsRE ATolA FAF Sk S

Ztees s 7)3ke] dEEYa B 3t

(Ohta et al, 1997b). ]+ # hCGS] L9} Fo
95t YY% 10E 2URE FW 290%
e,

Ohta et al. (1996b)S] AT-ollA hCG FA} 75
gh 8ol A F 40%, 9F olFE= A
2o 60% oo ® Ut AR B A
ToAME A wFA 0%z A e 18
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Yol kil LA O‘Mtﬂ(lzqulerdo et al,
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AgL AR wes s AT

(Ciereszko & Dabrowski, 1995), &o]<]7

g2
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(fatty acid)©] 53t Al2S F5A wiA=, =
s a"a F3Eo] SR BaEgiv
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}3_5] |l xlo] ,]
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35 EfHTOH A F HolE A
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o]d AFHOE WA YEFSTHKIm et al. 2006).
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T e 345 g oAt oA A= Ht AT
220 g ] MAE ARESE Aifo)7] el A
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EfAgE #8337 (Bonga, 1997), ~E
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A7) 5 W esEe A F4sH
(fertility) = S ] e Q3 Qo2
(Rurangawa et al., 2004), & °{(Cyprinus carpio)
AN 5 old oigeld Axel LEA
FEEEIL B25E 4ol felstcha oA

Sl th(Lahnsteiner, 2000; Linhart et al., 2000). & 1
TolA hCG F% 2 HAel whEh widE g2k
TS dAeA stk A A= DHP (172,20
( -dihydroxyprogesterone)ell ]3| HFTAASIHG S
AH 84S 7HKA Hi=dMiura & Miura,
2001), heGe] el Fojromt £7 wgol
94940 28 DHPS] Aol ool A4 o

EtHMiura et al., 1991c). ¥ A2 Ayjor T
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hCG s ¥

A3t 1 A3 hCG T $E(1 U %
5 /g BW) 9 5o 1HA(F 13] &= 23])
s A EEdH SEEEY Fo35 Aol=
Aok T8y F 13 5 IU/)g BW §EZ Fo
3 At AYFEA 553 mE Y BE o
v skar, 5+ 13] 1 [U/g BW AR} |
wa] wg ettt FF gAY AS Al
AaA WAoo A FolE T2E9 AL
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