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This study examined the characteristics of eel Anguilla japonica sperm using the CASA (computer-assisted sperm
analysis) system and attempted to provide the composition for artificial seminal plasma by regulating of inorganic
elements. Sperm samples were first divided into four groups based on motility and progressive motility: (A) 0-10%,
(B) 10-40%, (C) 40-70%, and (D) 70-100%. For observing sperm velocity variations, VCL, which is curve motion
velocity, showed the highest values in all groups. The directional factor, beat cross frequency, was lower in higher
activity groups, showing an opposite correlation with sperm activity. The head sizes of spermatozoa in higher activity
groups were significantly larger than those in lower activity groups. The Na" and K* ions were important in the inorganic composi-
tion of seminal plasma in this species. Furthermore, regulating the composition in artificial seminal plasma improved the formula
compared to the existing element, exhibiting 120 mM Na and 30 mM K when the sperm was conserved for a long time and 120
mM NA and 40 mM K when the sperm was conserved for a short time.
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IR § ME B PAUL Y BEIS SIo10] ABLHE o A02 ehelA slol(Morisawa, 2008), Z BNl 44
S ABHE 714 FRste hrtt A7 SRR SITh oL o R84 242 Akl 8 H7lef o] ek s,
SRS AL UGS Ael, SBR et agol 48300] MaRE ol ol ufel 2]
slo] J3g AAAE abt oA ARl SAL A o2 Rrlele 24S AT gl Ao delA YirkMori-

SR %*Efn' o179 %élé —60]: FA1717]
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(Rurangwa et al., 2004). ¢ °
FojA qlom, YgHof= A o“&, o, B Fol

sawa, 1983; Le et al., 2007; Jeong and Chang, 2011). 2} F-7]

Hagol] o]FA o] Aol kS ulA=A]of gk Ee
gAY S WS A A] XA, sfj4=o] o] HAl= dl9] =
o ARl o3 Aol 2E SEsk Z71sMA A A%
9] &Ao] fEchal B E vt 9] 2 m(Takai and Morisawa,
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1995; Miura et al., 2013; Jeong et al., 2014), Asturiano et al.
(2004)= AN ZF T2t S7HESE, vl 2
9] T R3hE FA] EA4o] opxlttaL siitt. &, 4
ARo] A of= o 7 N W F71haE 2= Aol
2} Alo7} 7hsstehe A ofnlshH, Q1914 o' Ao Al
2bsto] Aol A S8 QI QAN =4 A7EA] At
o B4 SAINYIB, A5 FehE At EA BE 7}
55ltH= o] o] 9lth(Ohta and Izawa, 1996). o] o whek, A=}
O] T7]7ke] HEof 9lo] AAte] FA 7 ailF 5o 1ol §lol
AFA ol ARgE|oIsith ZR-5ER HAQ A9 7ol 2
f3k o RE) A2 ARl 5]4510] ) w0tz
7| HEN T FRsto] AHSHL ¢l o (Sa etal., 2011), o7l
A& T 7K401(Oncorhynchus mykiss), E2}-8-501(Salmo
trutta macrostigma), % ©1(Cyprinus carpio) 5ol 4| 21-5-4 %}l
o] AR8-E] 11 9l th(Kobayashi et al., 2004; Bozkurt et al., 2011;
Cejko et al., 2018). =-5AF W) (Anguilla japonica)ol| 4+
Ohta and Izawa (1996)= Q1544 H3t A5 Sl A5F
A4 7] o R vl Qlont, AgApe] Bz o] oHg A o] oal,
3o kA AjstEhs 5 BAZE Slo] o] agh 4ol
o, ol EE Ale)AlA SAS 7T glo] e o
Aloj ol Al A8 7He S &, F7] 24 T AR A of
2 Q3 A A% =7 ol th(Kagawa et al., 1998). 1 1Y
ZFo]+= SPE (salmon pituitary extract)S WS Foi3}o] ujjgt
< FEstal, A WAol= 17k giRhg- R A 5 22 (human
chorionic gonadotropin, hCG)& HHzE Fosto] uiAS F=
tcH(Yamamoto et al., 1972; Miura et al., 1991; Ohta et al.,
1996). 134, 9] W o2 dojx|+= uj--AH(gametes) 2] 2
(quality)> S 3o w, 42t Q1 Akgto] FAlof| o] Fof
A A grot, s N e T A7 AAE BEH ok = 5
ojgzo] Y= Aol

wheba], i Aol e WAl A /o whE WAl A
AFo] &5 &AL, WA W FH 58 A5kl WA

o Bje] 7|2 AR S ek, o] Bol AR ulA
£ AAle] Brlele 24E WL Bl B9l A8H

[e] L | = [Sle]
Ao} 2442 AAste] Wio] QL4 AR AL
=kt

Mz H A

o A Y R

AFAAE 20194 ekt gyl 9 a WAl ol
A TJshol FYS AL o) P UFHE o] T
]

2o =&, B AWAIE AR A7 YA S 9
g 7AlE FAtel AR S eAteh e 2 ofAlE| e

olFsto] ol A 19 5 ppth] S7HAZIH HAUA 0= &4
AR % ds] iR SR E S T A A o= A S

Lstoict A 70 A= 500 Le] fiber reinforced plastics <=20]|
300ke] 451131 AR A2 20+ 1CF I3l 0, of -
Zo\A 45717t 58 Hol= SashA] okt

Zk Adols JIAAES 8l FE5YE  microchip
(Taechang Industrial Co., Gumi, Korea)2 5 =0 4F¢Ist
%, hand reader (RT160; Covis., Busan, Korea)Z Z} 71 4| & 4]
wsto] 44 2 AA717HESH 24 elshich. A H S 9
lo] eel ringer (150 mM NaCl, 3.0 mM KCl, 5.0 mM CaCl,,
3.5 mM MgCL, 10 mM Hepes, pH 7.4) 10 mLej| hCG (10,000
IU; Daesung Microbiological Labs Co., Uiwang, Korea)& =
o] 1,000 [U/mL2] 3% & Z4|5}9 th. A 8 71| 4| += 2-phenoxy-
ethanol (Sigma Co., St. Louis, MO, USA)E 300 ppm ==
1} #4174 hCG 1 [U/g BW (body weight)?] 5= 27} o]
S 2R A5 I % 3 H]=(GUMI Pharma Co., Gimpo,
Korea) 2.2 FAMLQE A=319)

Ay 2 R 24

NHL T2 Fof 85 & AAlFol| A vjFo] =l H 7HA|
= A3 o] o]835}9Ith nlF| = 2-phenoxyethanol (Sigma Co.)
£ 300 ppm FE=E 5FQAL, A Hof A o] gsto] AAlF =+
A9 sl E L HES A ATt 2 HHel gt FApEA] At
E WA A Al EFEE kel ol 1 mL AP E A
g-5to] A AlFo A AT A H A2 FA] DA
of| ARE-gH % 7,000 g= 4°CollA] 1027t YAlE-a|sto] A5
Tk Fshoict. v 4SS thA] 4,000 g= 4°CoflA] 10871
AR5t A5 e Besiiict. g A4
B 24 A7HA] -80°CollA] Htkstect.

Xt A HA

=0 ™

AALe] ZAE B2 CASA (computer-assisted sperm
analysis) system (integrated visual optical system, IVOS-II;
Hamilton Throne Inc., Beverly, MA, USA)S AME-31%t). A
4 GNLE 2 pLE gof 1 mLe| BA-F-5=4](450 mM NaCl,
20 mM Hepes, pH 7.5; Ohta and Izawa, 1996)]] 2F 5001} H]
&2 3]4sto] YAt B4 FE=st3ATh 20 um %09 slide
(Leica, Wetzlar, Germany)o] &4 o] F-=H AR} 2 uLE Yol
5% U] 5 S| 9 Bstol Ao B LATL,
7} 38] s 245t0] B A8 AT

CASA system© 2 =5 24912} &£ Mot (motility; %),
Pmot (progressive motility; %), VAP (average path velocity;
um/s), VSL (straight line velocity; pum/s), VCL (curvilinear ve-
locity; pwm/s), ALH (amplitude of lateral head displacement;
pm), LIN (linearity VSL/VCL; %), STR (straightness VSL/
VAP; %), BCF (beat cross frequency; Hz)E =73} th(Fig. 1).
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Fig. 1. Illustration showing CASA system of spermatozoa trajecto-
ry. CASA, Computer-assisted sperm analysis; VAP, Average path
velocity; VSL, Straight line velocity; VCL, Curvilinear velocity;
ALH, Amplitude of lateral head displacement.
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2 BESICE A0l e 7184 A UAEEAY)
(Atomic absorption spectrometry) Novaa 300 (Analytikjena,
Germany)Z o|-85to] 2451910, UEF, Z4F, vt Lvlw, 2
#, 3, 7, obel & 245t

WO QIBHEN HA

Ohta et al. (1997)7} .1t Wizo] Qlg7gd4el =4I (NaCl
149.3 mM, KCI 152 mM, CaCl, 1.3 mM, MgCl, 1.6 mM,
NaHCO, 20 mM, pH 8.2)& vlgto 2, o ¢17tofl 4] of7l
4 ¥ A 2 BAETE o] gste] 8 FU|HAE
o] Frxo| w2 Axjo] SAHsE BAs Tt WAl <l

A f 8 F7|948 YEEY 2R 240E o
o} 7ro] 2 A5}F3Ith(Tables 1, Table 2). AN} Q1342

N 12 10 ol
=]

2 1:50 B] &2 3]435}10] 50 mL tubeo]] B3l H o, 4°CHY
0] melsTY.
£7 24

SIS B+ REOAR Yehieh froly skl glat
o] SPSS software ver. 18.0 (SPSS inc., Chicago, IL, USA)
£ A8-510] One-way ANOVA testE A AT 524 7
& 913l Levene tests AAIBIIH. State] 7= &
Tukey HSD= AR 7S AAISHIT) GitAto] 7Hg = A] ¢
= ] Dunnett T3S ©]-8-5}0] ARF- 451 TH(P<0.05).

z4 El‘
MEO] YRtel &g "ot
A &559e 4% Abe Fig 23 Zth Mot 7|

o & shio] Lo A B 7189 VAP 42.8+6.1 um/s, VSL-&
30.8+5.3 um/s, VCL-2 104.0 + 14.1 p/s 0. 2 A =] e} &
o] &=2.C, D 1204 VAP 75.2+3.3 um/s, VSL 59.8 +£3.4

Table 1. Regulation of Na* in formula for eel's Anguilla japonica artificial seminal plasma

Group (mM) lon composition pH
120 NaCl 120 mM, KCI 18.2 mM, MgCl, 1 mM, CaCl, 1 mM, NaHCO, 20 mM 8.2
130 NaCl 130 mM, KCI 18.2 mM, MgCl, 1 mM, CaCl, 1 mM, NaHCO, 20 mM 8.2
140 NaCl 140 mM, KCI 18.2 mM, MgCl, 1 mM, CaCl, 1 mM, NaHCO, 20 mM 8.2
150 NaCl 150 mM, KCI 18.2 mM, MgCl, 1 mM, CaCl, 1 mM, NaHCO, 20 mM 8.2

Table 2. Regulation of K" in formula for eel's Anguilla japonica artificial seminal plasma

Group (mM) lon composition pH
10 NaCl 120 mM, KCI 10 mM, MgCl, 1 mM, CaCl, 1 mM, NaHCO, 20 mM 8.2
20 NaCl 120 mM, KCI 20 mM, MgCl, 1 mM, CaCl, 1 mM, NaHCO, 20 mM 8.2
30 NaCl 120 mM, KCI 30 mM, MgCl, 1 mM, CaCl, 1 mM, NaHCO, 20 mM 8.2

40 NaCl 120 mM, KCI 40 mM, MgCl, 1 mM, CaCl, 1 mM, NaHCO, 20 mM 8.2
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2%0 Ko] Z7lato] ulel 95242 QIZH(VAP, VSL, VCL)= Z7}3}

A(0—10°/Z) L Agko] WYt 3 =0 o Bew ca2w D 1

D Fo| BE o4 §oJ5HA] A 24 = AT(P<0.05), Mot

§ | =owerom 3t Pmot & T 2E JFA VCLO| & %28 tehich

= T=5 254 01#1¢] Mot} Pmot2] AY 488 B39

| &t Mot 7150} 252} Pmots 7|22 £53 150

> a =7 Verskth AAke] Wk 1Akl ALH, BCF, LIN, STR

. £ Uebd A= Table 32} 2t} Mot 7| “15°ll 4] ALH gt

2 o] FrterE FolatA S71eFel 2H(P<0.05), BCF,

0 - N LIN, STRZ W& 104 25t &fo|7F YehtA] oFgket

VAP “Vﬂi: Vet (P>0.05). Pmot &4 15l 4 ALHE E40] 7Hg ke A

1804 4.15+0.32 um=E 71 WA UeRkar, g4o) 7k

250 oA o-10%) =0 DIEA 5.40+0.07 umE 71 =7 LrERL BHA4o) =

ol B(10—40:Aa) opd 2 oI5 Z7151AtHP<0.05). LIN®} STR-2 24 0]

. aC (40-70%) 71 o DI A 64.36+0.79%, 87.31 £0.43%= 714 =

I 9ko v, ALHSL 51| B40] %245 251 37151

2 CHP<0.05). ¥FH, BCFO] gk &40l 7MY =2 DIEolA

8 00| 4335+0.74 Hz= 99|31 744 w7 Urehd 11(P<0.05), Th2

- 24 QIZHALH, LIN, STR)E 3} §ief] 73 gFo] ¥t
o A0 "Rt HE HEt

0 e e o wigol Axtel FeE A vk el wet Fig. 3, Fig,

Prmot 4ol A LepT. %WOI W2 A, BI1E9] static A2 FH-

0]=3.77+0.09 um, Z-2-2.51+0.05 um, E|= 10.94 +0.20

Fig. 2. Comparisons of velocity with motile and progressive mo- um, Yol= 7.11+£0.26 pm>2 E 4= %o, motile A
tile of (A) 0-10%, (B) 10-40%, (C) 40-70% and (D) 70-100%. O] TH 120l 43740.13 pum, =2 2.70£0.08 um, S

Data are expressed as mean+SEM. Different letters indicates sig- 12.29+0.33 pm, ¥ o]= 8.64+0.47 pm’ZE motile % A}Fo]| A

nificant. VAP, Average path velocity; VSL, Straight line velocity; Lo Zro| FelE|Qict EAo] =8 C, D2 A static HAL]

VCL, Curvilinear velocity. %0]%=3.93+0.12 pm, Z 2.60+0.12 pm, S 11.34+036

um, ¥ 0] 7.69+0.57 um> 2.2 =4 =} © i motile A A}o] F+
um/s, VCL 166.1 £3.0 pum/s2 SA = %It} Pmot 7|# 2.2 & H 1=0]4.5740.19 um, % 2.90£0.10 um, =9 12.83 £0.60
0] O A B 129 VAP 52.6+9.1 /s, VSL39.6+7.9  pm, §©] 9.62+0.90 pnE static AR} BE G051 =
um/s, VCL 126.6 +11.4 um/s 2.2 &4 =11, @40l =2 C, QYtH(P<0.05). Motile G A}7} static AR T 3=0], Z S| 4
D 12041 VAP 1203+2.5 pmjs, VSL 104.9+3.0 pm/s,  ©]9] FE|& 08 mE 9 0jshA| &9k0.n(P<0.05), E40] =
VCL 190.8+2.8 um/s@ Mot@} Pmot 7|1% BE T804 &  7}d42 Az} SHo] 37]7} 27}t

Table 3. Motility characteristics of spermatozoa from (A) 0-10%, (B) 10-40%, (C) 40-70% and (D) 70-100% Japanese eel Anguilla ja-
ponica evaluated with the IVOS 11

MOT Pmot
A B C D A B C D
ALH (um) 4.03+0.27¢  4.25£0.22° 5.07+0.09> 5.44+0.142 4.15+£0.32° 4.87+0.18> 5.22+0.06®® 5.40+0.072
BCF (Hz) 67.3111.85 54.8815.16 73.20£9.05 56.19£3.73 55.1245.212 64.4415.112 55.60+4.20° 43.35+0.74°
LIN (%) 36.68+4.31 40.42+4 34.86+2.18 41.96+3.30 41.06+£3.97° 35.30+1.92° 44.51+2.88° 64.3610.792

STR (%) 67.96+3.44 69.89+3.32 66.4+2.69 71.84+1.75 70.374£3.30¢ 67.34+2.41* 75.53+1.82% 87.31+0.43°
IVOS, Integrated visual optical system; ALH, Amplitude of lateral head displacement; BCF, Beat cross frequency; LIN, Linearity VSL/
VCL; STR, Straightness VSL/VAP.
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Fig. 3. Comparisons of spermatozoa head and width with motile and progressive motile of (A) 0-10%, (B) 10-40%, (C) 40-70% and (D)
70-100%. Data are expressed as mean+SEM. Different letters indicates significant (P< 0.05). Mot, Motility; Pmot, Progressive motility.
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Fig. 4. Comparisons of spermatozoa perimeter and area with motile and progressive motile of (A) 0-10%, (B) 10-40%, (C) 40-70% and
(D) 70-100%. Data are expressed as mean+=SEM. Different letters indicates significant (P<0.05).
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Fig. 5. Effects of variations in concentration of Na* ions composed in artificial seminal plasma with several sperm activity parmeters for 7
dasy. Mot, Motility; Pmot, Progressive motility; VCL, Curvilinear velocity; BCF, Beat cross frequency.

BYH g R71EL 2 B A 742 95403 mMOR A LieRgron, gh4o]
T A el 7R EAN0IS s Aok 7P R ATl 49206 mMOE £0J51] S ek

(P<0.05), g/go] EotaaE F7Fskoitt DILEolA He
21.7+ 1.1 mMO.2 =7 Jepgon shao] 713 e ATTE
o A 6.3+ 1.1 mM& §-2]a17] Wkl (P<0.05), E4do] ol
5= Z7HAth AT E o)A = 0.34+£0.04 mM O 2 =7

2 UER FES 140-154.9 mMo]

6188 mMO 2 bttt shut =

Aol el B Gole Aol TATA gklch
o

(P>0.05). /0] =& DILFOA ntavlaS nldE =3, o B
X } =0 =
SP40] 7P Ue Ao 4] 3.6+ 1.5 mMO.E Sl wor otk B 7 % E DAEAA 0064001 mMe 2

©o1(P<0.05), BHo] ol A4 Zhastlct BAdo] %8 D ;QﬁPﬂ i‘:;g]’;o 05), ; ; :l::}}x‘ T Al of
ol

—
Table 4. Ionic composition of Japanese eel Anguilla japonica sem- PR R 25} B Sl
inal plasma in relation with sperm motile categories, (Group A) AN W HEFS] s8 28 F SUE s

0-10%, (Group B) 10-40%, (Group C) 40-70% and (Group D) H Av= Flg 59F 2t} Mot g2 W2 520 YEF 120

SN L RI71EA 2gof WE FRiay Hat

70-100%. mMeol| A F2} sk aL, TRl 31.5+3.9%2 7 A
GroupA  Group B GroupC  Group D "}E}u’q = 58l 150 mMofA = 193} g4do] H4
(mM) (mM) (mM) (mM) SHA| FHAehlal, 7UAfol| 2224+3.8%E W2 o] UEr
Na 154.9:12.3  140t58 146.2¢83  151.4£33 th. Pmot E3F 718 WO ol 120 mMol|A] A} 7Haske
K 126426 144427  18.8%1 18.2+2.2 o, 7Ua 19.4£3.1%2 Ut 150 mMojA= 0L}
Mg 3.641.5 1.2¢0.5%  0.6+0.4% N.D 32.2422.8%00A 192} 13.5+3.8% % T4 8HA 7H45F31aL
Ca 4.9:06°  6.2+1% 8.1+0.3° 9.5+0.3° UAfol 104+ 1.7%= F-95HA] WA Vb THP<0.05). 25
Fe 63110 98+1.4>  17.4x14°  21.7+1.1° S8 VCLE B= 2300l A3 fhashe 4 3ol Blon
Cu  034£0.04° 0.18:0.03 0.09+0.01% 0.06+0.01° 7P S Q1 120 mMef| A 72k 120.0 £4.8 pm/s 2 ¢
Zn ND ND ND ND 2oHA = UATHP<0.05).

ND, Not detected. %545 UER = BCF= 120 mMof A= 04 %}0] 60.9 £ 1.9
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Fig. 6. Effects of variations in concentration of K* ions composed in artificial seminal plasma with several sperm activity parmeters for 7
dasy. Mot, Motility; Pmot, Progressive motility; VCL, Curvilinear velocity; BCF, Beat cross frequency.

Hz= VeIl 79} 35.6+0.9 Hz2 7+4319c}. 150 mMo]|
A 02} 63.6+ 1.6 Hzol| 4] 782} 48.9+2.8 Hz= HA} 7F
ax5h {-0]5HA HQITH(P<0.05).

AN WY ZE 2] JFS Vet Z7h= Fig. 63+ 2
k. Mot 7Fg 521 10 mMoflA 182t F243] 14438+
3L 7Yk 6.8£2.7%E R FEOA FoatA WA e}
U th(P<0.05). 71 ©]9] FrE2 AR M7t &= A
ok, 30 mMoj|A] 7231 46.2 + 1.8%= =9kch Pmot E3F 7}
%2 5% 10 mMofA] 193] FA8HA 7haxsklar 7dAt
o 2.9+13%% HE HLoA 501517 Wlt(P<0.05). 40
mMOo|| 4] 3212} 46.4+3.0%2 24 E 901, 30 mMo|| 4] 72
A 27.1£1.8%% =9th 548 VCLE HE FEoA]
sk A4S UePd o U 10 mMol| A 193 FA8HA 24
alo] 72x}o) 85.5+5.7 pm/s2 §-2]51A| HWFTH(P<0.05). 1
FQI2}9] BCFL2 Y2 %191 10 mMol| 4] 094} 49.4+2.4 Hz
of| A 7UA} 42.0+3.4 Hz2 & 2olE Holx] 9t w2 -5
%21 30 mMI} 40 mMoj A HA} 7haske] 7Rl 34.2+0.5
Hz, 32.5+0.8 Hz& -5-2]3}7] Worch(P<0.05).

o
o

Bk, ol et S 4ol Z1ustel BAAAe] AshE
ABAAN] 7712 248 2Ast0] HEAEL N4 A
& iAol Qg le] 2Au1S RS A s,

CASA system=- 5-5}0] AFEE= 24 3 7] Q1 *K(parameter)
21 motility (Mot)$} progressive motility (Pmot) 54 7|52
2 o] Yxpe] &4 atolE H|wgk A3, Mot Et} PmotE
7|1EC 2 519E W 8 542 1A=41 VAP, VSL, VCL
o] ZgWstol whef F-0]A 2l Afo|7F LrEbEaL(P<0.05), B+t
25T Motg 7|22 2 32 wof vla] 25-75 umy/s W=
A vEpdeh Eat, RE Sellarse) e Aaje] o] 5
7Htell et 27k ek, olok AP, H4e12 ol(C. car-
pio; Lahnsteiner et al., 1998) 2 F-X]7§%0](O. mykiss; Lin-
hart et al., 2000), 3|21 spotted wolffish Anarhichas minor
(Kime and Tveiten, 2002) 5ol A= A2} 542 0] 3¢
2 A 50| Z7RITH: 1117} Qo S50 59 AAp vhe
et £ 542 etk aeiA 93 oo 49 B 75
/5] $5 dilo] BolLl, $7H4 0.2 1,000 ums o]4H2] 4
& YeR 7] = sttt 1% v QItK(Trippel and Neilson,
1992). Spotted wolffish®] 74-¢- VCL 40-50 pm/s, VSL 4-14
u/s, VAP 13-20 pm/s2 @2 95 42 vty 211
%)l 2™(Kime and Tveiten, 2002), T A %F ¢ o|(Salmo salar)
= 9FVCL 178.4 um/s, VSL 114.8 um/s&] &=<488 el
tha B v} 9lti(Dziewulska et al., 2011). o8 &Lo]| A]
Wgo] Aake] 9548 olatel VLA BE Sz /b

bt

\r
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i

Zo] B9La, PmotS 71202 71 B4 B 1%
200 s o] 44e] 42jo] Lebgtk. o]Abe] Ak A

e
A
Wigo] ] E4ee HuEolHl sjso] BAE 7
Vi
7

30 o o 2

CLEC} 7] b, o] 5 5ol 49 wlalefo
A= Ao,
A Aol 5 =} Hatols7 2ot
Q) 2571215 el ALHGE 9 7] 25 A] &
Bl = LINY} STREEO] =40l mlA]= G2 FA14 &
2171 vl7} glovt, Al i4olo] ALH - 9.6 um, iAok
oJo| A= 5.7 um, t) A1 -1 Gadus morhua)y=7.3-9.1 pm=
B 1% v} ¢l © ™(Tuset et al., 2008a; Dziewulska et al., 2011;
Judycka et al., 2016), T4 ol A= HAFe] Zdo] ot
45 LIN gko] 71.7-91.6% 37kt B o] oh(Tuset
et al., 2008a). 3+, AF0] STR¥} LIN gto] w545 A7}
MY 52 5l= 402 B E oA 911, Felip et al. (2009)
of W= FAHY| AFa= A BRlo] Al AR A
SFATE. o Aol A o] O] AAf= B0 & gl
ALH 5.0 um ©JAF e O™, LIN2 45%, STR-S 75% o4
o7 ST o5 TSI, SsAr Aol o] A= Eo|
7t ErE A Es e A der R, w2
ol A= 25=% BCF7} 50 Hz o] 8t= &7 =] o] A Ao] &
go] F7H = Asre sk A o= UEhth

20 AZolfe2 Akl FAZE EASHA] S A o=
e A lom, thefet =FeH ofl A-g-sho] ssitr] wii
of Foll whe} FAHF(head)o] Rk theFslt(Billard and
Cosson, 1992). E3F, ARG E O] 719 AAke] 243 4
o] P 7|xIetar Hiizt = o]tk (Rurangwa et al., 2004).
Penaranda et al. (2010)0]] w2 f-H A+ 8120 (Anguilla An-
guilloI A= HALe| 20| Pages Gt Bio| S}
HA o] Zagtohal sFglom, 2R/ AaoA e EAdo] gl
= A 2717 SRt AR E T A o= Arhal Bl
o] th(Hidalgo et al., 2006). F3t, thA o)L} 2] 7|50
o= BAL] 2717t 245 =2 T ATPE 714 8l
o] 2o} FE&E o] St Hark o Fth Tuset et al,
2008a, 2008). o' A7 Aol A= ko] Bio) ZH4eHr
= Ao TR F, o], WA, Fe| B3 st Ao R U
Eppton], 27|7F 242 ApEeh E A7 e 55 o]
EUTE S, AR BT 25 Sl AR FRA7] 7 A
A= Aoz Azt

AFHE AR mEO] Qo] A9 S wHEoFH, 4
Aol AEaT S FAAATE 985 FH(Ohta and
Izawa, 1996; Bozkhurt et al., 2008). T3t AA}9] 7|50 4
e & toft BAS BRI 9T, 1 5 PlUek
Ato) $hol otk 48 7H15 ekRurangwa et .,
2004). rgeHe] Frja 242 ofFol wet thfsiA o
epttt. sfja=o]l 7Hd<5(Acanthopagrus schlegelii) 737

o &4 2

Ay
o
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ra
ol
U

(o]
2 e

o= YER 177.04£3.0 mM, 28 4.6+0.1 mM, uf1Y)4
0.3+0.1 mM, Z<5 1.3+0.3 mM (Jeong and Chang, 2011)
o] A% Qlom, TFX|( Thamnaconus modestus)= UE
5 164.0+4.0 mM, Z& 9.8+0.9 mM, v} 1< 7.2+0.1
mM, Z< 14.9+0.6 mM (Le et al., 2007) 2.2 Vbt =
ZAL WOl A UES 1493432 mM, ZHE 152+0.8
mM, Z 1.3+0.1 mM, v} 14|<5 1.6 0.3 mME Al ]
T71904 2AJo] HiE|o] H.om(Ohta et al., 1997), 2 AT
of| A EAIEE FY T1E CollA Urehd 243 fAkeE Aafgict.
o[t Aol A vl A w2 S B DIAFY 2Y(UEF
151.4+33 mM, Z'E 182422 mM, vl 1|4 v|AE, 24
9.54+0.3 mM)x} o] 7} I E| At} Asturiano et al. (2004)<]]
w2, f-HGA Aol A= AN W 4E] =7t ok
5 JAe] Eido] A Ve, vt e -2 74t
£ o] Jepdthal a9t & AFe] FEAE s oo A=
AApe] g 2ANA ZEY T Y% Aol & YR
A SIATH(P<0.05), E/do] ot Zg o] = 7t
= %= 23t Ohtaetal. (2001)0] W=, ZHg o]0 =
S5 Go] STk AS FRlete] 2 Aot s Ushlnh
uhaba] Z-go] WiApo] JAte] S-S 2 A-sk=t Slo] i 5
Q3 XAk Aatolm] SEAE WiAto|oh {4 wiEoof|
A FEH R Y= @402 FAE gh, o Ao
A At ol eF o] Azt gdo] FTHdeE nkdlw ©f
20| Fhadte S B oy, M2 2o ke 594
o7 F7¥she S YERH(P<0.05), Bi7do] F(species) 7
9] 2AAo] 7} UL T} Wojtezak et al. (2007)2] Earof wp=
H, JolofA AN W A o] 22 Esi AT (transferrin) ¥} g
Al wu) =, gxpe] et Bo] Qlrkar skt o A
of| A= HApe| gHdo] FTIkE Mo o] o] folHoR F
7FSFAEHP>0.05). %, ENAT| 23} WAfo] Az} FA Abo]
O] Gl gt 714 Q1 A+t7t E a5kt g4l We] e of
2o Tt ek B i} QIR WiAojof A= A Ahe] &
o] =S5 FosH TASFUTHP<0.05). 3, thi=
Fo=2] BAoll EA5k= o2l % -$-(Hidiroglou, 1984), ©]
W Atoll A= ol /Y L Eol A = HEE A ot o] of A
oFA ] Fakel gt =714 ¢l A7t E 85t

o] Atoll 4] wio] AN Y YEF-S HA} S/dof uhet
Frolgh 2pol 7t =] 2] QEQA]NE, Asturiano et al. (2004)2]
Tof o] 1A f HEF Aol e off 15:U%F At
9] &&= A o] A A EH HEo| Eglomn, 7]E
H 11%]0] 2l Ohta and Izawa (1996)2] Q1 ZAYN UEF =&
(149.3 mM)e}= th2 120 mMo] 714 a1b# 9l 7oz &kl
= Qe ¢, o AHE Fote] JIF BN AE s
713Y) HE Aol 245 40 mM, B71(7Y) HE Alol= 24E
30mME B 7| 7te) wet Z4HE F w7 FAadhs o] a4
ol 71 © & Yepytr}. 329k, Ohta and Izawa (1996)0] A= 72



B0 ZHE 15-45 mM, 289 HEo||= Z+E 45-75 mM&
=2 s vbErs A4S Hughu) Qi) o] gt ol 7]
o] A ME A A Bt 71E 0 R SEATE Bt 7
FO 2 ARSI, 11 9] 9] QIR 548 5 EekA| &
31%7| Qo g FEH )

o|H AT AVE Fgsto] B, FEAb Wako] Axjo] 24
of| TAH G035t elX}= VCLO| £, A1) A%42(Hz), 4
A} FR 7] 5o 2 e o, QlF g4l A2 Al T7|(3Y)
HEE= UEE 120 mM, ZHE 40 mMo], A7) (7Y) HEo=
UEE 120 mM, Z-5 30 mMo] 31231 71 0 2 AJZhHct. uf
2hA], o ¢15te] Axt, widpo] A2} Lol w2 A7te] ey
oF Aafoll 2714 B4 Bolste] 27 9] ey ggA S =
dst7] $Ist 71t A RE Algsial o, A3 g NS 5

’ [SlNe)

slo] Wiato] A7} 2 S Bt 9k St A ST
LR
Al AL

o] =iLo el Alualel o] 2023 SrAkTFEA ALY 2]
“ARApo] Al AblEl 7R A5H(R2023026)7 ] A7
e Z| ol osf 3= sy Th
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