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Cryopreservation of Unfertilized Eggs and Larvae in

Pacific Oyster Crassostrea gigas

Ki Tae Kim

Department of Fisheries Biology, Graduate School,
Pukyong National University, Busan 608-737, Korea

Abstract

This study was performed to find out the tolerance against the
cryoprotective, agent. (CPA). and to determine the optimal CPA of
unfertilization egg for' cryopreservation. Also cryopreservation of larvae,
structure of pre-freezing and - post-thawed larvae, long-term storage of
cryopreserved larvae and rearing of thawed larvae were investigated.

In the cryopreservation of unfertilized eggs, fertilization rates and
hatching rate were increased with decreasing the concentration of CPA and
also were decreased with increasing time of immersion.

10% ethylene glycol was determined as an appropriate CPA through
immersion test on unfertilized eggs, but the post-thawed fertilization rates
were 0% in all freezing methods.

Morphological shape of unfertilized egg at pre-freezing and



post-thawing was observed with transmission electron microscopy.
Post-thwed unfertlized eggs showed of mitochondria, yolk granules and
lipid droplet were irregularly arranged and destroyed.

In the cryopreservation of larvae, after that, when 50% of embryos
reached to trochophore, D-shaped and early umbo larvae showing the
active motion were used in each experiment. Trochophore, D-shaped and
early umbo larvae were used in 0.2 M sucrose and final concentrations of
20 M and 2.5 M ethylene glycol. Each CPA with all concentrations was 10
minutes of equilibration time. The-survival rates of each larva post-thawed
were 63.8% in trochophore, 84.1% in D-shaped larva and 56.3% in early
umbo larva.

Morphological shape of trochophore, early umbo larva at pre-freezing
and post-thawing was observed with @ transmission electron microscopy.
Early umbo | larva showed irregularly arranged cilia, nucleus and had
roughed surface shell.

Immediately. after thawing, the survival rates of trochophore larvae in
Pacific oyster was 63%. However, survival rate of trochophore larvae after
one hour was decreased rapidly 28% and then no trochophore larvae were
alive until 24 hours in the rearing experiment. After thawing, the survival
rate of D-shape larvae in Pacific oyster reared in seawater was 87%, and
then 12 hours 79%, 24 hours 68%. However, all of them could not alive
until 75 hours in rearing experiment. After thawing, the survival rate of
early umbo larvae in Pacific oyster reared in seawater was 56%, and then
12 hours 47%, 24 hours 36%. However, all of them could not alive until 57

hours in rearing experiment. Moreover, developmental rate was also 0%.
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82 dEQ FF Crassostrea gigas 3ol FFglel AA A=A
of A o8 7IHAE ZAMFEA, ALY FHedor FHAAAFY o
shel Fofa] fA oz la FHo] "o Utk 1o WE o= A
2 G4 FA8Y A= AstEe T EFHA @4 WSt o o

of thet thAle] do A AAANE Hute AF TEALM o A& F
o
o

ol
o2k
i)
o
2
T

5 Aol g o]l ds| o] Fojxof stH, 1A

24 veAdd 9 DA g dsREVIes 1 & F Ao
DA WEEEE &S F4h, FA okl 1oF oo JIAHL Ao
75 o2 Jlezdo] ZXEa Jt(Arii et al,
1987). st AFTEQ AFoANAE FAEl Oryzias latipes (Arii et al., 1987),
TR W& Oncorhynchus mykiss

YERESHI] AT AT o %
=L

Ahammad et al., 1998) 59 &3 LA E
, WSS TR A= gIdTh
3L, 8| oFol WO (Mazur, 1984), T 7 ¢

Oe o = 99duy Ggnte] A3 wy ohig, Bg Eise Bo ¥

B
)
e
I,
39
o
5

#Ado] 7] wjiEo]th(Wallace and Selman, 1990). %, FHFF=oA= A
AE AHgste] Hzx= EAE YE EE0] AZHATH( Asahina and Takahashi,

1978). 53], =& XTI ZINFAAE o7l Hls] TAujel =77} A&
®uk ol g} A-&Fgh(microlecithal egg) &= W3Fo] ¢fo] o] YEHE 7=l
o] Bl E golgk Zo g deA U

dA7MA 2T FAEE Hde® § A= blue mussel Mytilus

galloprovincialis (Toledo et al, 1989), %= Crassostrea gigas (Renard, 1991;
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McFadzen, 1992; Gwo, 1995; Chao et al.,, 1997, Naidenko, 1997), Manila clam
Tapes philippinarum (McFadzen, 1992), ™§ Meretrix lusoria (Chao et al,
1997), X527 Pinctada fucata martensii (Chang et al., 1999), 53 th} Spisula
sachalinensis (Chang et al., 2001), &7l Scapharca broughtonii (Jo et al., 2002)
s°] AT

WesrEo] AoiA TAEe AEHES vy TAYA, 2 AAA
(cryoprotective agent, CPA)9| TR/t 5= 2 WeEd ozt 2. 59,
MR Ao YEelA FEAS DIFA L 2~4A 27 Y Za7] Y 52
A F AEES JEPIHGwo, 1995). |8t Zol-ZMF fA9 dEREA
AHEo|oF st AT7HA 24 FAME HE AFst Wsol thy WA
o] Bt} 73k g TAGAE Fol7] fisty A=9d= A7V 283 4
Aot

oo TAGA S} CPA T2 29SS a8k
Aol AL dF=AREe] ofyzt AYAR] FEoz THL F glojoprt
ot o5 HAsiA WA, FEEREF 2T S ol&st AVIZE BE

e = TR sA B el B ATt K18 FHojok-jit)
A

o
off
f
(i
o
oX
o
m?_,l'
N
i
Wl
o



(1) CPA A &} A & A E R H35&
Z

Ak AH G mo s 1294 FHF

0
g
=
%))
192
o)
{97
&
3
)
i)

o3,

oq
=
ko
>
N
o

=
2
i
—
(6;]
a
lo

ice boxol| T8&3l HAPHAZ - FTFH¢ 5, g Zof £ Ae L9=2 ¥ o=

7 ARSFEE MY ARG EA 45 DS 3N dFdez

, B oFx) = T4 EAFig 1). A& 2= 47 A 24 2+ 58.0
+4.6 mm, ZF3 104.9+13.4 mm, 5 62.5¢15.5 g &5 9.4+3.0 go| A TH(Table 1).
HA gajneh AT A4S st FBS W F(Fig. 2@), 1 mL AdA
g o] &3ty vF @& AH AT Fig. 20). ©] FwFARE €A @

& 140 um, 65 um, 20 (m2] 3% A= A3k F, AolH ALY EF 150 ppm

=

2 2=303, 9|4 §4F7](ebo, China)E AF 7% s Basta
A CPA HAAF o AREsETh HA Adol AHEH o1 CPAS] FF7+ dimet
hyl sulfoxide (DMSO), ethylene glycol (EG), methaol, polyethylene glcol (PEG)°]
Rom, 5% g JA AL 2+7} 5,10, 15, 20%, 10, 20, 30, 40 0.2 A A 3 ATt

ol

AFFH A 73 FEY WilF Az YArRE A HY

rlo
o

A3l

o

o} 15812 g Aste] Fh|gE ths, IR AIZEe] ZH2E 10, 20, 30, 40824 H A gk

AT CPAY S AT} 1:1028] v &2 3435t 3083 FHA CPAE
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Fig. 1. Recirculating water 'system designed for Pacific oyster Crassostrea gigas
rearing. CF: coral sand filter, FC: filtration cotton, P: pump, RT: rearing

tanks, SF: sand filter.



Table 1. Pacific oysters Crassostrea gigas used in the CPA immersion experiment

Shell length

Shell height

Total weight

Meat weight

Sex

(mm) (mm) (8) (8)

65.1 88.4 491 4.6
Male

524 104.5 46.3 9.2

58.4 125.6 70.8 12.7
Female

56.1 101.2 83.6 11.7
Average 58.0x4.6 104.9£13.4 62.5+15.5 9.4+3.0




Fig. 2. Shell breaking and making hole (@) faced to the gonad for
the collection of unfertilized eggs by 1 mL syringe (®)).



ColojA 7] EHIS) & AT Ao] 38X A Ao FF 30 ym A
V|

[¢]

<, 1007}/mL2] R==Z 20 mL wello]l ¥o] 20Co|A mjA F
Az e FAE, F3& 2 FHOIFES ARG olu AR
Bt m A (x100) & Aok 2~44|3E 9] WAgn) F2 AP oH, FIE&S

GEAZ B AAY HEE YETH

rr

A ARG Zo e 1294 FAFERA, AR ST 87)A o = 2

7} 58.1+4.5mm, 7+11 98.5+9.8 mm, A5 56.5+9.3 g, 5% 8.2+25 g ©| 3 Th(Table 2).

ofj
ML
ol
ox
Ay
o]
2

o A2 & F9E AAeto} 22 A=-ANA e, o] F mg
AHS Y74 BE 140 ym, 65 um, 20 yume 3F A2 343 H, 2oty
22U EF 150 ppmO & &5dtal, AAM F54 7] (Jebo, China)E A3
MEG ol o] Argatdth ¥E Aol e 33l +(NaCl 2.7 g, KC1 0.07
g, NaHCO; 0.05 g, CaCly 0.12-g, MgCl, 0.46 g, Milli-Q water 100 mL)°ll Z-Z} D
MSO, EG, methanol, PEG®| #Z&%7}5,10,15,20% S =5 73 thg, o 7] o]

WY o g Te st Y4t

O]

Zt &N A EH wE = A F US4 7](The Advanced Osmometer) & A8

o
on

=439 3 (Table 3), W H A LFL 25 2082 AA 3T CPA v+ H &

r
#
[

0.5 mL straw (FHK, Japan)oll ¥ o] B-]3t3 o, o] & Y F &) A=

2 71395 7](Samwon Freezing Engineering Co., Korea)°l| ¢]3l] Table 49} &



Table 2. Pacific oysters Crassostrea gigas used in the freezing experiment

Shell length  Shell height  Total weight Meat weight

Sex
(mm) (mm) (8) (8)
61.5 100.3 69.2 11.3
64.2 1214 68.9 11.8
Male
58.4 99.3 49.7 6.7
53.6 87.5 46.9 55
53.2 95.6 52.3 6.9
63.5 1146 70.1 12.8
Female
52.8 84.3 47.2 6.6
63.4 107.6 60.3 7.8
Average 58.1+4.5 98.5+9.8 56.5+£9.3 8.2+£2.5




Table 3. Osmolalities of four CPAs used in these experiments

CPA Concentration (%) Osmolality (mOsm/kg)
5 1690£19.6
10 2685+30.9
Dimethyl sulfoxide
15 >3000
20 >3000
5 1265+14.5
10 2084+17.4
Ethylene glycol
15 2739+38.7
20 >3000
5 1565+8.7
10 2863+16.2
Polyethylene glycol
15 >3000
20 >3000
5 1573+11.3
10 2771+36.5
Methanol
15 >3000
20 >3000




Table 4. Protocols used in freezing and thawing of unfertilized eggs in
Pacific oyster Crassostrea gigas

Protocol 1 Protocol I Protocol Il
Initial temperature 0C Initial temperature 0C Liquid vapor-76TC
l l l
Freezing rate (-1C/min) Holding 5 min Holding 3 min
l ! l
Temperature -12C Freezing rate (-1 C/min) LN, (-1967)
l v
Seeding Temperature -10C
! !
Freezing rate (-1C/min) Holding 5 min
l l
Final temperature -35C..  Freezing rate (-0.3°C/min)
l l
Holding 30 min Final temperature -35C
l l
LN, (-196C) LN, (-196C)
Thawing

LN, (-196C)
l

25T fresh water
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3712 W5 (protocol 1, 11, 1) 2 1712 3 53 & AH&31 AT a5 & w4

AL Q1 Z3 e HE 11002 CPAE 3027 £&A417 F olojA 7] &n1]s)

(B)BF AF v E FEHln

= AT s T FHTHE E4AFEE Fetstr] fste QP AF
= Bt (x100) AH&SFRAL, HAlFE dEHwddE O3 22 53
AAdR A ANE7F AFEHAH F=E vFAHES 01 M phosphate  buffer
solution (PBS, PH 7.2)2.2 ¢FAIZ] 25% glutaraldehyde &< 4CoA] 2
AZE ¢ 1RA ST olo] PBSE 10w AlHI T 1%  osmium
tetroxide (OSO4)E 4TOAl 2AZF&t 22188k 1178 o] 2 AlgeE
PBSZ Al &3t 50~100%. ethanolol Al 10~20:28 23ttt 258 AEE
propylene oxide®t epon (A+B)¢] & =0l ol 1-3AF ¢ TIAN o
=, epon 8120 ZwjstHth ZujE wv]FAHTE] AJFE & ultramicrotome (LKB,
Nova, Sweden)oll &3] FA 05~1.0 ym= semithin section¥ T}, toluidine
blueZ A5t #AAT H4E AAsIAT. #ZFL7F Gl oA s

Al 60~90 nm FAE HE St 200 mesh copper gridel| 2SRt o] *
7d

r{r

HH & uranylacetate®} lead citrate &Y O F o]F Pt Tzt

(JEM 1200 E-XI, 60~80 Kv, JEOL, Japan)2.2 323}t
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e YERE
(1) CPA T8 3 & F A EE 5 LAI
A28 B = 1~29 48 A = 8MAIZ=A, 2478 52.5+4.1 mm, ZF3L 106.
0+7.4 mm, A5 62.0+10.1 g S511.1£2.5 g©] ATHTable 5).
FE3) ST G5 A FYE NS 44 AT A A o) F m

AeS BH7MA W5 140 ym, 65 ym, 20 yme] 3% A= AF}3 H, ol

B>
£
-

EF 150 ppmO 2 A%3ta, AQA fF54A7](Jebo, China)s AX
MR sfsoll o] A&kt

A5 F AU 50% 7 HEA, DIAA, 2712497 S0 wed

-

<
TEE A AL S| A2 AEd AFsFol Zo THE 02 M
sucrose$l 2.1, o} 7] 9 EGE 8|4 N Hrtsted, HF 5 =7 242 0.5, 1.0, 1.5, 2.0,

£ % v, o7lol WEdE e FA S E3sted WSkt By

A ZHe BF 1084 gk o, CPAY f48 = 3]4 3k ¥ 0.5 mL straw (FHK,

®

Japan)oll ¥ o] \&-ddt] ¥ gl 24H Z= I YF7](Samwon Freezing
Engineering Co., Korea)dl. ¢ 3}l -35°C 7bA] 12 W5&-o & -196C o] A d4TF
(MVE, UsA)ll ¥ o] 22t ¥k e. Fa Aol We B sl e< 918 Table 49
Protocol 1 % &fl-5HH S AF8-3tA T

AEd Aol AR B SEA e DL BT H(x100)0] T A okel A

Fl

w20l S Table 62 B7FEel wel F42/dA 5 (larval activity index,

LADE AAsiglen, BE 432 3itRos At

@ UYTEHEVE S5 FAEE L LAI
HE7|] mE s & A AEE 9 LAIS A4HEY| 98t s]4 o=

0.2 M sucrose 2} 2.0 M EGE A3t W&k o3, 171 € 2 A DA FAA B



Table 5. Pacific oysters Crassostrea gigas used in the freezing experiment

Shell length  Shell height Total weight Meat weight

Sex
(mm) (mm) (8) (8)
55.3 98.7 52.1 6.7
484 115.1 47.7 10.2
Male
54.7 110.7 62.5 13.7
53.4 1073 59.5 8.8
594 1116 69.8 14.2
491 89.2 53.6 13.8
Female
53.6 108.3 73.4 11.5
45.7 107.2 77.6 9.7
Average 525+4.1 106.0+7.4 62.0£10.1 11.1+2.5

_13_



Table 6. Numerical method for evaluation of ciliated larval activity index

Index Score Motility characteristics
I 4 Larva display spiral movement rapidly
II @ Larva display spiral movement slowly
I 2 Larva display a little movement
v 3 Larva display cilial movement only
\ 0 Immobile larva

- 14 -



@) M FHEY AFATE YES 9 LAI

s & A ARSol] OE AEE 9 LAIE @otr7] 93t afE/A
ASARE AA AT oA FelA A WERHOE FotE CPA T
Z2EZ wet Y5t G54, DIFAY, B 21447 fA4S AL

25T 2] AstpollA F&58 s b ofFelol '70] 1523t CPAS &
AN AEFAEE 2 L BlAN &8t en, I d== S&A 80074 /mL, D

F28 600704 /mL, 2Z]4A7] §4 600/mLE st #H 3o FAo] WHET

W7hA] AASE AT AASSEAY 13 AR B, slE R HelRE
Isochrysis galbanas 1Y 23] F5, W3] 20,000 cells/mLE 10 mL 3 =33t

3. SAAE

2t ARAAZERE doAXl AEF(meantSD) Atole] ozt = SPSS
FAIH 7] A (version 18.1)° &3 ANOVA % Duncan’s multiple range test=
AA sk A .
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m. 2 3

1 vl YerE

(1) CPA A ¢} A=A

PEGE &

=i
=

s

3+ 23}, methanol, DMSO, EG

2z 3

Tk

103} 20+

Z ol A=

HEZ XAl B

ZF

AR A

A THFigs. 3, 4 &5).

)

Al 0% ATH(Table 7).

37}

e mMEZ=gopt ¥s &

X

Az}, w5 e A

_16_



80

60

40

20

80

Fertilization rate (%)

60
40

20

Fig.

DMSO

5% #10% IW15% = 20%

Methanol

®B5% 210% N15% 20%

Ethylene glycol

®5% #10% WI15% = 20%

ossssssss

Con.

30 40

SR

3. Effects of CPAs and

Paolyethylene glycol

B5% #10% W15% =~20%

Con 10 20 30 40
Immersion time (min)

concentrations on post-immersion

fertilization rates of Crassostrea gigas eggs.

- 17 -



60

40

20

60

40

Hatching rate (%)

20

Fig. 4.

DMS0 % 5% %10% 115% #20% Methanol

B 5% ##10% Il 15% = 20%

Polyethylene glycol
5% %10% 1115% 7%20%

B5% 210% I 159 = 20%

Con. 10 20 30 40 Can. 10 20 30 40

Immersion time (min)

Effects of CPAs and concentrations on post-immersion

hatching rates of Crassostrea gigas eggs.

_18_



25

- Rt 2
B &
e s
b ®
o g
S e
ﬁ =]
=
..Dr..u.. uw
[Tl — B
# 8
2 B SRR
= 2
5 =
5 £
= L
[
o
o~ o
d o
N N
B G E
Q
S
{=]
2 @
= @
i
= uw [==] [Tyl [==] Yol [=] [Te] [==] [Te] [==]
[} L o~ [aN] - —

(%) s iy

llewlouqy

n. 10 20 30 40

7

30 40

20

10

Con

[mmersion time (min)

and concentrations on post-immersion

of CPAs

Effects

5.

Fig.

abnormality rate of Crassostrea gigas eggs.

_19_



Table 7. Fertilization rate, hatching rate and abnormality rate unfertilized
eggs Pacific oyster Crassostrea gigas in three CPAs and concentrations

with freezing protocol I, II and II

Concentration ~ Freezing  Equilibration Fertilization =~ Haching  Abnormality

CPA
(%) protocol  time (min) (%) (%) (%)
5 [, I, 0 0 0
DMSO 10 [, I, I 20 0 0 0
15 I,'o, m 0 0 0
5 [,'o, m 0 0 0
EG 10 [, I, I 20 0 0 0
15 [, I,-I 0 0 0
5 I, O, I 0 0 0
Methanol 10 I, I, I 20 0 0 0
15 [, I, I 0 0 0
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8 YERE

(1) CPA =4 35 & JE& 4 LAl

&4 F482 02 M sucrose®t CPAEE EG 55 22} 05, 1.0, 1.5, 20,
25, 3.0 ME A&t A7, AEEL 638%13%, 02 M B=7F 7M3 =3t
(Fig. 7). LAIZ 05 M F=oA ggon, b2 HFFoe Fo3t Aol

RN A (Fig. 8). BEHIOIEEE 05 M =4 =Ehon, & AT olA

r{r

DE #4220 M, 25 MolA. 7}z 84.0+1.9%, 84.1+1.5%=% Th2 A g o
H&) =S AEES BJSH(Fig. 7), LAIE 20 M 3 25 M oA 3.3+0,
34002 T& F=d HI&| FofstAl E=UTHFig. 8). FHOIGES 05 M &
TolA 13440.6% = THE w=o HIE} FYsHA Ekom HxF Ak 2.0
M3} 25 M s=oA 22t 93+04%, 9.4t4% = THE AT nlis] vkgith
3.0 M F=A+ A EokA= AEFS YEFH UTHFig. 9).

271447 AL 2.0 M3t 25 MollA Zh2; 56.3+0.6, 55.1+14=% & A F
T=°l Bls] yEEC] =& AR FAFHAT(Fig. 7). LAI= 2.0 M 2.8£0.1

2 7} E9k 1 (Fig. 8), FHIoJFEL 0.5 Mo A 65+02% = = UTH(Fig. 9).



Fig. 6. Electron micrographs of cytoplasmic organelles of unfertilized eggs
in Pacific oyster Crassostrea gigas. @: Pre-freezing, (®: Post-thawing,

YG: yolk granule, LD: lipid droplet, M: mitochondrion, Bar=1 um.
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Fig. 7. Effect of ethylene glycol (EG) concentrations on survival rate

post-thawed larvae in Pacific oyster Crassostrea gigas.
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Fig. 8. Effect of ethylene glycol (EG) concentrations on larval
activity index of post-thawed larvae in Pacific oyster

Crassostrea gigas.
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Fig. 9. Effect of ethylene glycol (EG) concentrations on abnormality

of post-thawed larvae in Pacific oyster Crassostrea gigas.
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@ YF5EE 7178 T F 4= € LAI

0.2 M sucrose®} CPAZ+= 2.0 M EGolA E&EA S W53 oL, 14
b, 24A17F, 39, 59, 74, LA SiEsted MESS #ES A, A4
60.9+1.7%, 59.6+2.9%, 60.1£0.7%, 60.5+1.2%, 60.3+0.8%, 59.6+0.9% = HZE7]7t
Ao WE Fo% Zol= UAJTKP<0.05)(Fig. 10). LAT HAl Z+zh, 3501,
3.4+0, 3.5+0.1, 3.5+0.1, 34+0.1, 34012 HZE 7|7t¥ Zo]E Ho|xA gt}
(P<0.05)(Fig. 11).

DERFAYL 47 86.3+0.8%, 87.840.7%, 88.0+12%, 86.5+0.4%, 87.3+1.2%,
87.4+08% = HE7|Zt AIte] wWE Aol= RIATHP<0.05)(Fig. 10). LAI <A

Zyzy, 3.1+0.1, 31#0.1, 3.2+0.2,,3.3+0.1, 84+0.1, 3.2+0.1= HE7|IHH Z}o]

rr

HolA] eFUTHP<0.05)(Fig, 11).

2717447 AL 44, 553+1.2%, 55.1+0.6%, 54.9+1.2%, 55.1£0.9%,
54.9£0.7%, 55.5+05% % HEZ|t Ao mE ztol= U ATHP<0.05)(Fig. 10).
LAI A Z+7}, 2.9+0.1,02.8+0.1, 2.8+0.1, 2.8+0, 2.9+0:1, 2.9+0.12 RZE7|7Hd

2ol = HolA| & hth(P<0.05)(Fig. 11).
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Fig. 10. Effects of storage time on survival rate of post-thawed

larvae of Pacific oyster Crassostrea gigas.
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Fig. 11. Effects of storage time on larval activity index of post-thawed

larvae of Pacific oyster Crassostrea gigas.
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Fig. 12. Electron micrographs of inside structure of early umbo larva in
Pacific oyster Crassostrea gigas. @): pre-freezing, (b): post-thawing,

N: nucleus, Bar=2 ym.
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Fig. 13. Effects of rearing time on survival rates of post-thawed larvae

in Pacific oyster Crassostrea gigas.
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Fig. 14. Effects of rearing time on larval activity indices of post-thawed

larvae in Pacific oyster Crassostrea gigas.
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& 25 A BERE lelA wl e CPAS =4 tiek A u
o WA8L Aokdle AMEE WerIshy] 913 AH9 AAHS AHst= T8

gelolth. 53] Washy]l A BIALEE W =M CPAC =5
=

qE& ZFaAZIgE Bavt Jt(Kasai et al, 1981). =3 CPAE

T~

Yol o3 &42 9] 98l Hrbete B E AlEZU AsEY sFolu A

Fokol Ao Axzuelo UAdd ¥4 5, ¥-sle & 2] A& =
Be e g astaly 2deke 44¢ ATH@FEH D045, 1995). &
AT = mA4AT XA Pl CPAE DMSO, EG, methanol, PEGE A}

&3 AR 23, FAAZE] AADFS CPAS w57 woldTE FAE
ot F

5 20%, HAARE 40&NA FHolYEC] Haste FFS HEUUET, ©

rr

CPA-/] EH oz O]gH /\;GE tﬂ E,Lﬁ,.%o]

HE
o
-
R
jin)
=2
N
[-'0
ol
i
rlr
P
o
ut

A ZE . Renard and ‘Cochard (1989)= CPA =40 & I3 Hje &40
CPAS =2 AFEdH sy G ot A2 CPA EXFH AA7}
ATHIL 8} A7Aadet FdEna & 5 Av EG 3 methanolol A=

0E CPART AHE 3 F3&°] FosiA =3%ey, DMSO= CPATE

£
r

10% 58 o2 CPAETZo v ¥deS & & 9d%oH, PEGE tE CPAC

H3 FAHE 9 F3&o] u-g It ole 7|EY dFF F=ol & 20
Froll Wlsl DMSOol| &g 43 HAS el th= 23 (Renard and Cochard,
1989)¢F F@}HA =Tt ol F CPAS F 5eol4do] dttal A€

F=o reAde e BEUHAA T F FHES %A ol 74
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W, W Bo AN Aol sl T RoE AztEnh

a7 WERES JaA TEHE E 02 R AT 3 BAwA

HAg Aot AF7A Y ZAF WA WERE ATA ALE A

Flt
2

o

SAE MEZEE 27|19 HirE o FEEo] e Toledo et al. (1989)2 XFHA|
of IHGHA F 2~8AEG HEAE AHET WERIZNA FEAY YER
Fo] 7bsdE YT Renard (1991)% 2~4A4|327]0) e = wle WBH
EA WAS HEEd, $A9 HANE AM8St= Zo] WA WEHHA
2] S}(vitrification) W4 Boh 2 =SS BAotal rf =3 FHo T
el 5 24271, 4 ~8AET], A, ZulE ol.&ste WEd A, Zufr]ol
A 80%9] EL AEES HYPOT(Cseh et al., 1997), &olA = Ful7]e] A

&3 Aol dF F =2 YEES I} (Carvalho et al, 1996; Im et
al,, 1997). & ATolAxE #F29 FEAL D-shape ¥ 271447 A& ol &

3t YEHE & AHELS AVE Ay GE5A 63.8%°] W DIFYE

obxth ol Z fFAY dAFTE CPAS EAo] b2 YeEtdS & F AN
o} 283, Gwo (1995)E FZ o TAGA F AAu), G @ GEAZE ol &
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ol FHASE oW, DEFAE 7BAIRE, 2714 7] FAL S7TAA A 5
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