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본 연구 는 소 미성숙난 자를 e le ct ron m icro s c ope g rid와 동해제인 E F S 30을 이용

하여 초급속 동결 하였을 때 정상적인 배 발달의 유 도가능성 여 부를 조사하 고자 실시

하였다 . 동해제 는 30 % ethy len e g ly c ol , 18 % f ic oll , 0 .5 M s u cro s e와 10 % F B S 등

이 P B S 에 첨가되어 제작된 E F S 30을 사용하 였다 . 난자생존의 평가기준 으로는 성 숙 ,

수정 및 배발달을 조사하였다 . 본 연구 에서 얻 어진 결 과는 다 음과 같 다 . 초급속동결 -

융해 후 , 소 미 성숙란의 생존율은 4 3 .2 %을 나타내었다 . 동결 - 융 해군의 체외성숙

(8 4 .1% ) 과 정상 자 웅전핵 형성율 (57 .5 %) 은 대조군 의 결과 (9 2 .5 , 65 .0 %) 와 비교

하여볼 때 유 의한 차이는 없었다 . 또한 , 동결군 의 체외수정 이후의 ≥ 2 - 세포 기 형성

(6 5 .0 % ) 과 배반포형 성율 (30 .8 %) 도 대 조군 (7 3 .7 , 35 .7 %) 의 결과와 유의 한 차 이

를 나타내지 않았 다 . 따라서 소 미성숙난 자는 E M g rid와 E F S 30 동결액 을 이 용한

초급속 동 결방법에 의해 정상 적인 배발달이 유도 될 수 있다는 것을 알 수 있었다 .



IN T RODU CT ION

Cry opre s erv ation of b ov in e o o c y t e s at g e rm in al v e s ic le (GV ) s t a g e or

m et aph a s e II s t a g e w a s im pe de d by po or s urv iv al rat e s a c c ordin g t o m ore

in c re a s e d c h illin g s en s it iv it y th an lat er s t a g e s u ch a s m orula or b la s t o cy s t

(F ahn in g an d Garc ia , 1992 ) . A ls o , it h a s kn o w n th at dev e lopm ent al c apa cit y of

f ro z e n im m ature b ov in e o o c y t e s w a s lo w er th an th at of f ro z en m at ure o o cy t e s

(F uku e t a l ., 1992 ) . In m ajor re a s on of th at , t ole ran c e of im m ature o o cy t e s t o

th e cry oprot e c t ant i s v ery po or th an t h at of m at ure o o cy t e s (F uku e t a l .,

1995 ) . S o f ar , th e s tu dy on c ry opre s erv ation of b ov in e o o cy t e s w a s m ore

c on c e ntrat e d at s lo w f re e z in g u s in g a pro g ram m able fre e z er t h an

rapid - f re e z in g or v itrif ic at ion . R e c e ntly , a n e w ultra - rapid fre e z in g m et h o d

u s in g e le tron m ic ro s c ope (E M ) g rids w a s in tro du c e d int o b ov in e o o cy t e

c ry opre s erv at ion , w hic h a dopt e d f rom v itrif ic at ion of ex c e e din g ly ch illin g

s en s it iv e D r os op hila. B y th i s t e c hn iqu e , M art in o e t a l ., (1996 ) re port e d t h at

h ig h e r dev e lopm ent al c apac ity of fro z e n b ov in e m ature o o cy t e s w a s obt ain e d .

T h eref ore , t h i s s tu dy w a s c arrie d out t o ex am in e w h eth e r th e dev e lopm ent al

c apa cit y of b ov in e im m ature o o cy t e s f ro z e n ultra - rapidly u s in g E M g rids an d

E F S 30 c an b e obt ain e d .

MA T ERIA LS A N D M ET H OD S

1 . Oo c y t e c olle c t ion

GV , im m ature b ov in e o o c y t e s w e re c olle c t e d f rom v i s ible f ollic le s (2∼ 6

m m ) of ov arie s w hic h w ere obt ain e d at lo c al s lau g ht erh ou s e . Oo cy t e s w ith a

c om plet e den s e cum ulu s o oph oru s an d dark ev en ly g ranulat e d c y t opla s m w ere

on ly u s e d . Re c ov e re d im m at ure o o c y t e s w ere w a s h e d w ith T A LP - H E P E S

(P arri s h e t a l ., 1988 ) an d th en th ey w ere s u s pen de d in D ulb e c c o 's

ph o s ph at e - buff ere d s alin e (D - P B S ) c ont ain in g 10 % f et al b ov in e s erum (F B S )

at ro om t em pe rat ure (25℃ ) .



2 . F re e z in g an d t h aw in g

A s fre e z in g s olu t ion , E F S 30 w hich containing of 30% ethy lene g ly col , 18 %

ficoll , 0 .5 M s u c ro s e an d 10 % F B S a dde d D - P B S w a s u s e d . In addit ion , f or t h e

u ltra - rapid fre e z in g , 4 00 m e s h c opper E M g rids (1GC 4 00 ; P e lc o in t ern ation al ,

U S A ) w ere u s e d a s a phy s ic al s upport t o a c h iev e v ery h ig h c o olin g rat e s

w h en plun g e d int o liqu id n itro g en (LN 2 ) . A m e an num be r of o o c y t e s lo ade d on

on e g rid w ere 10∼ 15 . T h e t ot al t im e th at e lap s e d from th e im m ers ion of

o o c y t e s t o cry oprot e c t ant s t o th e plun g e of o c y t e s - g rid in t o LN 2 w a s ab out

30 s e c . A ft e r t h aw in g , c ry oprot e ct ant s w ere rem ov ed by 3 - s t e p pro c e dure s at

37℃ . A t t h aw in g , g rids w it h o o cy t e s s t ora g e d in LN 2 w ere t ran s f e rre d a s s o on

a s po s s ible rapidly in t o 0 .5 M s u c ro s e (S ) . A n d th e n t h ey w ere tran s f erre d t o

0 .25 M S an d 0 .125 M S . E ac h s te p n e e ds f or 1 m in .

3 . I n v i t ro m at urat ion (IV M )/ in v i t r o f ert iliz at ion (IV F )/ in v it ro cu lt ure

T h e c u lt ure pro c e dure s em ploy e d in th e pro du c tion of pre im plant at ion

em bry o s f rom f ro z en - th a w e d b ov in e im m ature o o c y t e s w ere a s outlin e d by

P ark e t a l . ( 1995 ) . F or IV M , o o cy t e s re c ov ere d f rom w arm in g w ere c u lture d in

m at urat ion m e dium c om po s e d of T CM - 199 (Gib c o ) + 10 % (v / v ) f e t al b ov in e

s erum (F B S ) s upplem en t e d w it h s o dium py ruv at e (0 .2 m M ), f ollic le -

s t im ulat in g h orm on e ( 1 ㎍ / m l ) , e s tra diol - 17β (1 ㎍ / m l ) , an d g ent am y cin (25 ㎍

/ m l ) at 39℃ , 5 % CO2 in cub at or . A ft e r 22 - 24 h in cub ation , o o c y t e s w ere

in s em in at e d w ith h ig h ly m otile fro z en - th a w e d s perm re c ov ere d on a di s c on -

t in u ou s perc oll c olum n an d h eparin (2 ㎍ / m l ) an d P H E ( 18 .2 M P e nic illam in e ,

9 .1 M H y pot aurin e an d 1 .8 M E pin ephrin e ) w e re al s o adde d in f e rt iliz at ion

drop . F rom day 2 aft e r IV F , c le av e d em bry o s w ere c o - c u lt ure d in c um ulu s

m on olay er c e ll drop adde d CR 1 m e dium s upplem ent e d w ith 10 % F B S . Cum ulu s

c e ll drop w a s prepare d w ith th e re c ov ere d c um ulu s c e ll s from m ature d b ov in e

o o c y t e s . F in al a s s e s s m ent of dev e lopm ent al c apac ity in t h i s s t u dy w a s

de t erm in e d w ith b la s t o c y s t f orm ation at day 8 af t er IV F .

4 . E v alu ation of o o cy t e s urv iv al

T o an aly s e t h e abn orm alit y of m aturat ion an d f ert iliz at ion aft e r u ltra - rapid



f re e z in g of b ov in e im m at ure o o c y t e s , o o c y t e s an d e g g s w ere ex am in e d by

h o e c h s t s t ain in g at 24 h af t er IV M (F ig . 1E ) an d 18 h aft er IV F , re s pe c t iv e ly .

In a ddit ion , t o a s s e s s th e dev e lopm en t al c apa city of fro z en - th a w e d im m ature

o o c y t e s , th e rat e s of s urv iv al , f eriliz at ion an d bla s t o cy s t f orm ation w ere

ex am in e d (F ig . 1 ) . S urv iv al w a s a s s e s s e d w ith o o cy t e s s h o w e d n o diff eren c e

of c y t opla s m ic appe aran c e an d m em bran e int e g rit y at day 1 af t er IV F .

F e rt iliz at ion an d bla s t o cy s t f orm ation w e re de t erm in e d at day 2 an d day 8

aft er IV F , re s pe c t iv e ly .

5 . H o e c h s t s t ain in g

F or th e c om pari s on of rat e s of m aturat ion an d f e rt iliz at ion b et w e en c ontrol

an d fro z en - th a w e d o o cy t e s , th e m ature d o o c y t e s an d f ert iliz e d e g g s re c ov ere d

at appropriat e tre atm ent t im e w ere f ix e d w ith 2 % f orm alin s olu t ion f or 2∼ 3

m in an d s t ain e d w it h bi s b en zim ide s olu t ion (N o . 3 334 2 , 2 .5 ㎍ / m l , S ig m a ) .

Ob s erv ation w a s c arrie d out un de r u lt ra v iole t f ilt e r in c orporat e d f lu ore s c ent

m icro s c ope on 1 day af t er m akin g s am ple .

6 . S t at i s t ic al an aly s i s

D if f e re n c e in t h e rat e s of m at urat ion , f ert iliz at ion an d dev e lopm ent al

c apa cit y am on g t re atm ent g roup w a s c om pare d u s in g t h e Chi - s qu are t e s t .

RE S U LT S

T o de t erm in e t h e ef f e c t of u lt ra - rapid fre e z in g t o t h e dev e lopm ent al

c apa cit y of b ov in e im m ature o o cy t e s , th e rat e s of m aturation , f ert iliz at ion an d

em bry on ic dev e lopm ent w ere ex am in e d aft er t h aw in g . A f t er u lt ra - rapid

f re e z in g an d th a w in g , 4 3 .2 % of im m at ure o o c y t e s w ere s urv iv e d . W h en

m at urat ion w a s ide ntif ie d at 24 h aft er th a w in g , t h e m at urat ion rat e in c ont rol

an d f re e z in g g roup w a s 92 .5 % an d 84 .1%, re s pe c t iv e ly (T able 1 ) . A l s o ,

f ert iliz at ion rat e at 18 h af t er in s em in ation w a s ev alu at e d a s t ot al pen et rat ion

(9 0 .9 , 87 .0 %) , n orm al 2 pronu c le i f orm ation (65 .0 , 57 .5 %) an d m e an num b er of

s pe rm/ o o c y t e (1 .44 , 1 .4 0 ) , re s pe ct iv e ly (T able 2 ) . T h e rat e of t w o - c e ll



f orm ation in f re e z in g g roup w a s 65 .0 %, an d th e re w a s n ot s ig n if ic ant ly

dif f e re nt w h en c om pare d t o c on trol (7 3 .7 % ) . In addit ion , dev e lopm ent t o th e

b la s t o c y s t on day 8 aft er IV F of fre e z in g g roup w a s 3 0 .8 % f rom th e c le av e d

o o c y t e s . A s s h o w n in T able 3 , dev e lopm ent t o t h e b la s t o c y s t s of

f ro z e n - t h aw e d o o cy t e s w a s n ot s ig n if ic ant ly dif f e re nt t o th at of t h e c ontrol

(35 .7 % ) .

T able 1. Maturation of ultra - rapidly frozen bov ine immature oocy tes (r=2 )

T re atm en t
N o . of

o oc y te s

N o . of

m ature d (% )*

Contro l 4 0 37 (9 2 .5 )

F re e z in g 44 37 (84 .1 )

* M at ure d o o cy t e s w e re def in e d a s M et aph a s e II s t a g e by h o e c h s t s t ain in g

at 24 h af t er IV M .

T able 2 . F ertilization of ultra - rapidly frozen bov ine imm ature oocy te s (r=2 )

T re atm en t

N o . of

o oc y te s

in s e m i .

N o . of o oc y te s

pe n etrat e d (% )* M e an n o . of

s pe rm/ oo cy t e
T ot al P o ly s p erm y 2P N

Contro l 44 4 0 (9 0 .9 ) 9 (22 .5 ) 26 (65 .0 ) 1 .44

F re e z in g 46 4 0 (87 .0 ) 10 (25 .0 ) 23 (57 .5 ) 1 .4 0

* Oocy t e s w ere ex am in e d by h oe ch s t s t ain in g at 18 h po s t in s em ination .

T able 3 . Dev elopm ental capacity of ultra - rapidly frozen bov ine im m ature

o o cy t e s (r =3 )



T re atm e nt
N o . of

o o cy t e s

N o . of
oo cy t e s
s urv iv e d

(% )

N o . of
≥ 2 - c e ll

(%)

N o . of
b la s to cy s t
on day 8

(%)

Con tro l 114 - 84 (73 .7 ) 3 0 (35 .7 )

F re e z in g 139 6 0 (43 .2 ) 39 (65 .0 ) 12 (3 0 .8 )

DIS CU S S ION

T h e s e dat a dem on s trat e th at im m ature b ov in e o o cy t e s c an b e s u c c e s s fu lly

c ry opre s erv e d w ith u lt ra - rapid fre e z in g m et h o d u s in g e le c tron m ic ro s c ope g rid .

U ntil n o w , c ry opre s erv ation of b ov in e o o c y t e s w a s m ain ly c arrie d out at

m et aph a s e II s t a g e . M any re s e arc h ers report e d t h at de v e lopm e nt al c apa c ity of

f ro z e n im m at ure o o c y t e s w a s v ery po or t h an th at of f ro z en o o c y t e s at m ature

s t a g e . T hrou g h t h e t w o papers (199 2 , 19 95 ) , F uku e t a l. c on c en trat e d th at

im m ature b ov in e o o cy t e s are m ore s en s it iv e t o c ry opro c e s s in g an d po or

t ole rant t o cry oprot e ct an t s t h an m ature s t ag e . A l s o , b ov in e o o c y t e s are c h illin g

s en s it iv e . A lim it in g f ac t or f or a ch iev in g cry opre s erv ation of o o cy t e s i s dire c t

c h illin g in jury (D CI) w hic h o c c urs durin g c o olin g . T h e prim ary t arg e t of D CI

i s t h e pla s m a m em bran e . A rav e t a l , ( 1996 ) re port e d th at t h e ph a s e tran s it ion

of th e m em bran e lipid s of im m ature o o c y t e s o c cure d bro a dly b et w e e n 13 an d

20 ℃ an d thu s h oldin g im m ature o o c y t e s at th e ph a s e tran s it ion t em perature

i s m ore dam ag in g t o th e ir m em bran e s . A l s o , R eb e c c a an d P ark s ( 1994 )

de m on s trat e d th at m icrotubule s of t h e m eiot ic s pin dle of b ov in e o o c y t e s are

s en s it iv e t o c o olin g , s t art t o depoly m e riz e e v en at ro om t e m pe rature an d n ot

re s ilien t a s m ou s e w ith re s pe c t t o s pin dle re c ov ery f ollo w in g c o olin g . T hu s , it

i s im port an t t o m aint ain t em perat ure s a s c lo s e t o 39℃ a s po s s ible f or th e

s urv iv al of f ro z e n - t h aw e d bov in e o o cy t e s . In th e v ie w point , a ll pro c e dure s in

th i s s tu dy w e re pe rf orm e d at 37℃ . Con s ide rin g w ith th o s e ch arac t eri s t ic s of



b ov in e o o c y t e s , M art in o e t a l. ( 1996 ) in tro du c e d a n e w ultra - rapid fre e z in g

m eth o d w hic h a dopt e d f rom c ry opre s erv ation of ex c e e din g ly ch illin g s en s it iv e

D r os op hi la. In t h e s t u dy , th ey report e d th at h ig h er de v elopm e nt al c apac ity w a s

obt ain e d in fro z en m ature o o c y t e s . H o w e v er , by t h i s t e chn iqu e , w e obt ain e d

th e de v elopm e nt al c apa cit y of fro z e n im m at ure o o c y t e s . A lth ou g h th e s urv iv al

rat e s of fro z en - th a w e d im m ature o o c y t e s w ere lo w (4 3 .2 %) , f ert iliz at ion

(6 5 .0 % ) an d em bry onic dev e lopm ent (3 0 .8 % ) of t h em w ere n o s ig n if ic ant

dif f e re n c e s w h e n c om pare d t o t h o s e of c ont rol (7 3 .7 % an d 35 .7 %, re s pe ct iv e ly ) .

On th e oth er h an d , w e u s e d E F S 30 w hic h i s m o dif ie d f rom E F S 4 0 u s e d f or

v itrif ic at ion of m ou s e an d b ov in e b la s t o c y s t a s fre e z in g s olu t ion (Zhu e t a l. ,

199 3 ; T a c h ika w a e t a l ., 1993 ) . E F S 30 c ont ain in g n on - pe rm e able f ic oll an d

s u cro s e in dic at e d t h e b et t er s urv iv al rat e s t h an E G5 .5 M w hic h u s e d by

M artin o e t a l . (1996 ) (dat a n ot s h o w n ) . T h ere f ore , t h e s e re s u lt s de m on s trat e

th at dev e lopm ent al c apa cit y of f ro z en - th a w e d b ov in e im m ature o o c y t e s c an b e

s u c c e s s fu lly obt ain e d by ultra - rapid fre e z in g m et h o d u s in g E M g rid an d

E F S 30 .

S U M MA RY

T hi s s tu dy w a s c arrie d out t o ex am in e w h e th er th e dev e lopm en t al c apa city

of b ov in e im m ature o o cy t e s fro z en ultra - rapidly u s in g e le ctron m icro s c opic

(E M ) g rids an d E F S 30 c an b e obt ain e d . A s fre e z in g s olu t ion , w e u s e d E F S 30

w hich c on s i s t e d of 30 % ethy len e g ly c ol , 0 .5 M s u c ro s e , 18 % f ic oll an d 10 %

F B S adde d in D - P B S . A s c rit erior of o o cy t e v iab ility , t h e rat e s of m aturat ion ,

f ert iliz at ion an d em bry on ic de v e lopm e nt w ere det e rm in e d . T h e re s u lt s obt ain e d

in t h i s e x perim ent w ere s um m ariz e d a s f ollo w s : W h en ultra - rapidly f ro z e n

im m ature o o c y t e s w ere th a w e d , 4 3 .2 % of t h em w ere s urv iv e d . T h e rat e s of

m at urat ion (84 .1% ) an d n orm al 2 pronu c le i f orm ation (57 .5 %) of f ro z en

im m ature o o cy t e s w ere n ot s ig n if ic ant ly dif f e rent w h e n c om pare d t o th o s e of

c ontrol (92 .5 , 65 .0 % ) . In a ddit ion , th e rat e s of ≥ 2 - c e ll (6 5 .0 % ) an d bla s t o cy s t

f orm ation (30 .8 %) of f re e z in g g roup w ere n ot s ig n if ic antly diff erent w h en



c om pare d t o th o s e of c ont rol (7 3 .7 , 35 .7 % ) . T h e s e re s u lt s dem on s t rat e th at

de v e lopm e nt al c apa cit y of f ro z en - th a w e d bov in e im m ature o o cy t e s c an b e

s u c c e s s fu lly obt ain e d w h e n s urv iv e d f rom th e u ltra - rapid f re e z in g m et h o d

u s in g E M g rid an d E F S 30 .
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F ig . 1 . T re atm en t pro c e dure s an d de v elopm e nt al m orph olo g y of ultra - rapid
freezing and thaw e d im m ature bov ine oocy te s . A ) Im m ature bov ine oocy te s
bef ore being ex po s ed to cry oprote ctant s . B ) Im m ature oocy te s loaded on
electron m icro s cope g rid im m ediately bef ore being plung e d in LN 2 . C) Oocy te s
aft er w arming . A rrow s indicat e dam ag ed oopla sm after freezing - thaw ing . D ) In
v itro m atured oocy t e s after freezing and thaw ing . E ) H oe ch s t s tained oocy te s
at 24 h aft er IV M . F ) H atche d blas t ocy s t s at day 9 aft er IV F .


