KOREAN JOURNAL OF ICHTHYOLOGY, Vol. 31, No. 4, 195-200, December 2019
ISSN: 1225-8598 (Print), 2288-3371 (Online). DOI: https://doi.org/10.35399/ISK.31.4.2

Received: September 23, 2019
Revised: November 18, 2019
Accepted: November 20, 2019

3t (Gadus macrocephalus)®] AA 2K E

=W - ZAH - o3 - WP

FYSATEY FEASFATL, FUFATEY A
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ABSTRACT

An experiment was performed to obtain cryopreservation techniques of Pacific cod

Gadus macrocephalus sperm. Milt were cryopreservation using five cryoprotectant demethyl sulfoxide
(DMSO), ethylene glycol (EG), glycerol, methanol and propylene glycol (PG) with marine fish ringer’s
solution (MFRS) as diluent. Milt were cryopreserved each experimental methods like cryoprotectants
(10% and 20%), equilibration time (3, 5 and 10 min) and freezing protocols (liquid nitrogen vapor above
3, 8 and 12 cm). Post-thaw sperm survival rate revealed the highest in 10% PG with optimum methods
of equilibration time (3 min) and freezing protocol (liquid nitrogen vapor above 8 cm) about 21.3+£1.8%.
Hatching rate of fertilization eggs using fresh and cryopreserved sperm were no significantly different.
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=2 dimethyl sulfoxide (DMSO), ethylene glycol (EG), glycerol,
methanol ¥ propylene glycol (PG) 5©°] 3jito]7 AR} &
ARZ0) AHEE I QIth(Suquet ef al., 2000). AR Zo]| AL
He saEAAs Adolojof star AP Auto] tigt £t
Aol Folof 3l, EAL rolof ket (Leung and Jamieson,
1991). 0|23 FHYA A= FAEEsEH = Tl ot
747 B FEEHLE UElr] i FEEE}EHE F
of g2 FAFAAE A sfjof stn, HFHA FEAHES
SapAA} G2 Alzuke] QA Aske] A tgo] gt )
2 2% 93] o]0} A 4 rkx B YT (Ogier de
Baulny ez al., 1996).

N (Gadus macrocephalus)= 7% (Gadiformes) ™)}
(Gadidae)oll &3t= o2 Suet Ag] B7e 53, 5%
Lo2s 25238, W, 55 HPIHe2Es gt
< met gE o s Fu| A zyol AR B 913t s Hol
EE5t= WA olFolth (Westrheim, 1996). -2 uhat tf++
ol AL 75118, £YFL 21,5228 (2018E 7|&)e =
(KOSIS, 2019), Soll A ohgFet Fej= 2nEar glom 4
AAo 2 F93%t o]Fo|th(Lee et al., 2005; Kim et al., 2007).
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g+ e FEEES Y3 Y S 2 marine fish
Ringer’s solution (MFRS)& A|&3}o] AME3lgon 1 24
2 o231 Zt}; 0.6 g/L KCl, 13.5 g/L NaCl, 0.35 g/L CaCly,
0.02 g/ MgCls, 0.03 g/ NaHCOs; pH 7.7, Osmolality 444
mmol/kg.

2. SoiLUXIN H SSUE

3R A= DMSO, EG, glycerol, methanol ¥ PGS A
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3. Y1t 239 7t

A9 LFHS B sl mE RS AFHS
(0.7 g/L KCl, 27.0 g/LL NaCl, 1.2 g/LL CaCl,, 4.6 g/L. MgCl,, 0.5
g/L NaHCOs, 1 L DW; pH 7.42, Osmolality 940 mmol/kg)©l| 4]
1004} 3]45lo] AxF&5A TS slide glass (Teflon Printed
Glass Slide; 21 wells; diameter of each well, 4 mm; Funakoshi
Co., Japan) ¢l 4 L& £33} cover slide §lo] F&H& 0
7 (Axioskop 2 plus: Carl Zeiss, Jena, Germany)2.2 354
= WEsT. A2 2542 Table 19] &5Aof wat
A5 Fofsta, 24249 5ot &5 8AY v o
2} Striissmann ef al. (1994)9] W& HPst] A2 2|4
(sperm activity index, SA)Z WEF 1T,

sARE] AAe] 24 o] S WA 2A]
98 A= A AT o YE BT FRoRRE
sorbg o 4R ATk SRR AHT A

Index Score Motility Characteristics
I 3 Sperm display forward movement rapidly
11 2 Sperm display forward movement slowly
1 1 Sperm display forward movement moderately
v 0 Immobile sperm

Concentration of
cryoprotectant

Cryoprotectant

Equilibration time Exposure distance

above LN surface

Fig. 1. Various freezing methods of sperm cryopreservation of Pacific Cod Gadus macrocephalus in this experiment (90 experimental groups).
DMSO: demethyl sulfoxide, EG: ethylene glycol, PG: propylene glycol, LN: liquid nitrogen.
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Bo2 Ansigon, Audne ARge
RZOA2 Ut RAE SPSS BAZ2IY
(ver. 18.0)= AME-3}9] Independent samples t-test} one-way
ANOVA ¥ Duncan’s multiple range testZ 32|42 AA34
(P <0.05).
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SANLA A F5F (DMSO, EG, glycerol, methanol, PG) ¥ &
T (10%, 20%)E 907}A] X3kl what tf+ JAE 235}
§e i, 4EE 2 LS ZAR ATHE Table 2] e
olch S8R A 2 DMSO, EG, glycerol& A}ﬂé}ﬁ% o,
Zo] AEEL 0%Z UEFGTE Methanol®] 739 10%°14 3
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HE FAYHS tEA 3 AP FAA = FEEC] 0%=2 U
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ElgTh PG 10%8 SYAAR Fgsto] 387 AR A7
T AAAA 29 8em oM 12 FE A, HAF AE
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Table 2. Effects of various freezing methods on survival rate (%) and sperm activity index (SAI) of post-thawed sperm of Pacific Cod, Gadus

macrocephalus

Treatment Freezing method

Survival rate (%) SAI

- Extender: MFRS

1~54 - Equilibration time: 3, 5 and 10 min

- Cryoprotectant: DMSO, EG and Glycerol (10 and 20%)

- Exposure 3, 8 and 12 cm above LN surface for 3 min

- Extender: MFRS
- Cryoprotectant: Methanol 10%
- Equilibration time: 3 min

55

- Exposure 8 cm above LN surface for 3 min

97+£12 12+02

- Extender: MFRS
- Cryoprotectant: Methanol (10 and 20%)

56~72 - Equilibration time: 3, 5 and 10 min

- Exposure 3, 8 and 12 cm above LN surface for 3 min

- Except treatment 61

- Extender: MFRS
- Cryoprotectant: PG 10%

73 - Equilibration time: 3 min

- Exposure 8 cm above LN surface for 3 min

213%+18 1.8+0.2

- Extender: MFRS
- Cryoprotectant: PG (10 and 20%)

74~90 - Equilibration time: 3, 5 and 10 min

- Exposure 3, 8 and 12 cm above LN surface for 3 min

- Except treatment 73

MFRS: marine fish Ringer’s solution, DMSO: demethyl sulfoxide, EG: ethylene glycol, PG: propylene glycol, LN: liquid nitrogen.
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Fig. 2. Effects of cryoprotectant (10%) on survival rate (%) and
sperm activity index (SAI) of post-thawed sperm of Pacific cod
Gadus macrocephalus. DMSO: demethyl sulfoxide, EG: ethylene
glycol, PG: propylene glycol. Different letters indicate significantly
difference (P <0.05).

of tiet FaHdo] otof st FAe] tiet SA&= Fofof Tt
ch(Kuwano and Saga, 2000). €¥t8 o2 Wo] o] &= &=
DMSO, EG, glycerol, methanol 2 PG 59| SR A& T
X o]FEY A FAEENA FLT aNE Ho|R| go
o, b B AEES Ushhe SHEAA} oA yep
3 Tk (Suquet et al., 2000; Jeong et al., 2014). o]t o]F
= BRI} oIFER F Solde e e, 2E
olfol 8% % o AT BHLAA} 9] TR A
2 R Lim er al, 2007). & AFANE BHATHE 3
oz Wgsm AAEL E Sem FoIA 1 FESAS 1,
PG 10%2} methanol 10%°| A= AEE&S B oL, o]& A9
BT FAIAA L SES FAT Al HERS B
Ql A7 Rk, A=k (Platichthys stellatus) (Lim et al.,
2007), %l‘*é%(Acanthopagrus schlegeli) (Jeong et al., 2012),
EX|7}&Ha] (Pleuronectes yokohamae), Z7VA 0| (Microstomus
achne), Z7YA0] (Pleuronectes herzensteini) (Saitoh, 1996)
T B2 oF A $EEENAM DMSO7t HA FHEAA
24 Bag 8 gAY, & A2 DMSOE H|X% EG,
glycerolo] FAREE 1o QlojA di7t Ao F3EA|A| =
Ao AgEt SHEFDRA 285 Aes woEr. & A
oA PG7} diE Foll 7MY & AR AEET 54 2o

o] 4 FAHLAAR B = ek =3 T2 o3t
(Gadidae)®l] £3}= Atlantic cod Gadus morhua® AR 52
HEAT PG7} 7 w2 AR AEES Ho| 34 FaHEA
A= 2% ¥} ok Butts et al., 2010). Lim et al. (2008)2 ©]
T AR FAPAA = FET Folt R HE FHLAA L}
3|A o] z3tof wat Debd o Qlokal shgich & AFoAE
SAFAAZ PGE ARESH] 10%2t 20%2 F=5 295t
<+ ), PG 10%A T &S Uetlith oaba] g9 F
Eo|FQl FAHA AL PG 10%% ALE HAd 4= Q3ich

AR FA sEEES A= A A Aot Fad
AAE BARE A% FRIAT, A FATES THhE
AX F 93}tk (Butts ef al., 2010). Atlantic cod2] 7% AA=
25 AEEE diio] Y AFEL #H oA 12 52T
Sof fAF ] Eyst= WHol €A ok (Rideout et al.,
2004; Marschhiuser, 2007). T3t T2 1:;=A 7|5 0| 835}0]
=5°C/min®] £E2 —150°C7HA] 12} 4% & A 20
B9t Ayt B 3H HE Qlth(Degraaf and Berlinsky, 2004).
AT —5°C/minEr} © =84 —1°C/minl.2 5238 5
A dlE & HA; BEEo] Wolzltkar g vh glok(Mounib
et al.,1968). & AT A= HA A4 EH 3cmet 12cm o]
A AES BAAZE WA AN 8 emollA 13} F2%
Ao A FA7E BEES U UTH —196°Ce] AAE4 7
A oA =0l Afol= T2 £=F ZAsH Hot. o] HEt o
ARz =W QoINS WAL B YALES R S Y
ZRIWFE7|E AHEshe AEY FAHo] 3 BEstA
&S 4 Qth(Babiak et al., 1999). 3lA|gt TEARZEZS 3= &
ZR2IATA7|E o] §T & gle FaolA A 525
gjof & A7t Q7] WEol| A AL FI)E ol 8 F
Hol FHE "aAo| k. FHl (Platycephalus indicus)
A A2 FH 2cm YoM 2SS o BAY &
! AEgo] 7P =4 vepdtha B v gtk (Kim
al.,2011). & A7 A= HAE4 EH 8em FoflA 1744
S o 7 =2 AE2EE 2k o] 2= dF ZA
two-stepL &2 FARE S H| SlojA e} vlwste] &
TALEE a8k AoE Bdd 4 glom, olgdt &
e atol= F BolQl B Ao o3t F &
? FZ2&=9 zpo|= vEMREY Late calcarifer —31°C/
min (Leung, 1987), @A (Paralichthys olivaceus) —8°C/min
(Tabata and Mizuta, 1997), 5] (Dicentrarchus labrax) —10°C/
min (Villani and Catena, 1991), E]& (Scophthalmus maximus)
—99°C/min (Dreanno et al., 1997) 5 & o]FoJAx H1H
e
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