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=국문 초록 =

본 연구는 체외 생산된 소 배반포기배를 발달 단계 및 배양일 에 따 라 구 별하여

초자화 동결 및 융해하였을 때 , 그 발달능을 유 지하는지 확인 하고자 실시하 였다 .

체외수정 후 8일간 배 양된 배 반포기배는 20 % e thy le n e g ly c ol에 3분 동안

평형시키고 , E F S 4 0 (4 0 % et hy le n e g ly c ol , 18 % f ic oll , 0 .3 M s u c ro s e 그 리고 10 %

F B S 가 함유된 m D P B S ) 동결액에 30초 동 안 노출한 후 , 액 체질소에 침지하여 초자화

동결되었다 . 체외 생존 여부는 융 해 24시간 및 48시 간에 재팽창 및 탈출 또는

완전탈출로써 평가하였다 . 그 결과를 요약하면 다음 과 같다 . 1 ) 체외 수정 후 8일간

배양하였을 때 , 난할 된 배의 배반포기배 로의 발달율은 4 1 .0 %였다 (초기 ; 7 .6 %, 팽창 ;

22 .9 %, 탈출 ; 4 .6 %, 완전탈출 ; 5 .9 %) . 2 ) 배반포기배 를 동결액에 노출 또는 초 자화

동결하였을 때 , 초자화 동결된 배반 포기배의 재팽창율 (7 3 .3 %)은 대 조군 및 동 결액에

노출된 경우 (100 , 97 .0 % ) 보다 낮았다 (P < 0 .05 ) . 그러나 융해 48시 간 후 탈출 또는

완전탈출 배 반포기배 형 성율은 초자 화 동결된 경우 (6 6 .7 , 46 .7 %)와 노출된 경우

(66 .7 , 3 9 .4 % )는 유의한 차이를 나타내 지 않았 으나 , 대 조군 ( 100 , 100 % )과는 차이를

보였다 (P < 0 .0 1 ) . 그러나 , 완전 탈출까지 발 달한 배반포 기배의 총 세포수를 조 사하였을

때 , 각 처리군간 의 유의 한 차이 는 없었 다 . 3 ) 배반포기 배의 발 달 단계 에 따른 체외

생존율을 비교하였을 때 , 재팽 창율은 실 험군간에 유의한 차 이를 보이 지 않았다 (64 .5



∼ 75 .6 % ) . 그러 나 융해 48시 간 후 , 탈출 또는 완전탈출로써 평가된 초기

배반포기배의 발달율 (25 .8 , 9 .7 % )은 팽 창 (6 9 .7 , 39 .4 % ) 및 탈출 배반포기배 (5 3 .3 ,

4 3 .3 %)의 발 달율보다 낮게 나타났다 (P < 0 .05 ) . 4 ) 또 한 , 배 양 7 , 8 그리고 9일 의 팽 창

배반포기배를 초자화 동결하 였을 때 , 8일 및 9일간 배양된 배반포기배의 재팽창 율은

7일간 배양된 경우보다 낮게 나타났다 (7일 ; 93 .9 %, 8일 ; 75 .8 %, 9일 ; 87 .5 %)

(P < 0 .05 ) . 그러나 완전탈출 배반포기 배로의 발 달율에서는 처리군간에 유의한 차이를

보이지 않았다 (7일 ; 36 .4 %, 8일 ; 36 .4 %, 9일 ; 3 1 .3 %) . 이 러한 결과는 E F S 4 0을

이용한 2단계 초자화 동결 방 법이 체 외생산된 팽창 및 탈출 배반포 기배의 동결에

유용하게 이용될 수 있 음을 시사한다 .

K e y W ords : Bovine, Vitrification , EFS40, Developmental stage, Embryo age

IN T RODU CT ION

T h e cry opre s e rv ation of m am m alian em bry o s h a s b e c om e an int e g ral part of

m e th o ds t o c ontrol an im al repro du c tion (B aut i s t a an d K an a g a w a , 1998 ) . A s an

inn ov ativ e m et h o d f or em bry o c ry opre s erv at ion , v itrif ic at ion n ot on ly re du c e d

th e c o olin g s t ag e duration t o a m in im um , but al s o e lim in at e d any injurie s

c au s e d by ex trac e llu lar ic e w hich i s a m aj or c au s e of c e ll injury (K a s ai , 1997 ) .

S in c e th e f irs t s u c c e s s f u l v itrif ic at ion of m am m alian e m bry o s w a s a ch ie v e d by

Rall an d F ahy (1985 ) , m any re s e arch ers h av e f o cu s e d on v itrif ic at ion of

diff erent dev e lopm en t al s t a g e s in v ariou s s pe c ie s an d s ub s e qu ent pro du c tion of

off s prin g (Kim e t a l ., 1997 ; v an W a g t e n donk - de L e e u w e t a l ., 19 97 ; M art in e z

an d M at kov ic , 1998 ) . A n d aft er 1990 , th e cry oprot e ct an t b a s e d on et hy le n e

g ly c ol (E G ) w hich pe rm e at e s t h e c e ll rapidly an d h a s lo w t ox ic it y i s w ide ly

u s e d . A l s o , t h e E G in c om bin at ion w ith m a crom ole cu le s an d s u g ars , E F S h a s

be en u s e d s u c c e s s f u lly f or th e v itrif ic at ion of m ou s e m orula an d bla s t o c y s t s

(K a s ai e t a l ., 19 90 ; K im e t a l ., 19 97 ) , rabbit m orula (K a s ai e t a l ., 199 2 ) , b ov in e

bla s t o cy s t s (T a c h ika w a e t a l ., 1993 ) an d ov in e m orula (M artin e z an d M at kov ic ,

1998 ) .



S urv iv al of f ro z e n - t h aw e d in v it r o pro du c e d em bry o s h a s b e en re port e d t o b e

af f e ct e d by e m bry o ag e , s t ag e of e m bry onic dev e lopm ent , e m bry o qu ality ,

cry oprot e ct an t , pH of t h e f re e z in g m e dium , f re e z in g pro c e s s an d c u lt ure s y s t e m

(m e dium an d g a s e ou s atm o s ph e re ) in w hic h t h e em bry o s are pro du c e d (L eib o

an d L o s kut off , 1993 ; H a s ler e t a l ., 1997 ) .

T h e obj e c t iv e of t h i s s tu dy w a s t o ex am in e th e e ff e c t of dev e lopm ent al s t a g e

of in v it r o pro du c e d b ov in e bla s t o cy s t s v itrif ie d by E F S .

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

1 . P ro du c tion of bov in e in v it ro m at urat ion , f e rt iliz at ion an d cu lture (IV M/

IV F / IV C ) b la s t o c y s t s

T h e m et h o d u s e d f or pro du c tion of bov in e em bry o s i s de s c ribe d in de t ail by

P ark e t a l. (19 95 ) . B ov in e ov arie s w ere tran s port e d from a s lau g ht erh ou s e t o

th e lab orat ory in s alin e (32± 2℃ ) in c ont ain e r . Cum ulu s o o cy t e s c om plex e s

(COCs ) w ere c olle ct e d f rom v i s ib le f ollic le s (2 ∼ 6 m m ) of ov arie s . T h e COCs

w e re w a s h e d thre e t im e s w ith T L - H E P E S (lo w c arbon at e T A LP ) m e dium

c ont ain in g 1 m g / m l of b ov in e s e rum album in (B S A ; F ra ct ion V , S ig m a ) . T h e

ba s ic m e dium f or m aturation w a s t i s s u e cu lture m e dium (T CM - 199 ) . T h e

addit iv e s w e re f et al b ov in e s e rum (F B S ; 10 %) , s o dium py ruv at e (0 .2 m M ) , F S H

(1 µ g / m l ) , e s tra diol - 17β ( 1 µ g / m l ) an d g ent am y cin (25 µ g / m l ) . T en COCs w ere

pla c e d in e a c h m aturation drop (5 0 µ l ) , an d t h en c u lture d f or 22 ∼ 24 h at 3 9

℃ , 5 % CO 2 in cub at or .

F or in v it r o f ert iliz at ion (IV F ), h ig h ly m otile s pe rm at o z o a w e re re c ov ere d

from f ro z en - th a w e d bull s em en s eparat e d on a di s c ont inu ou s perc oll c olum n

an d re s u s pe n de d w ith S p - T A LP at a c on c entrat ion of 2 .5× 10 7 c e ll s/ m l . A ft er

22 ∼ 24 h in v it ro m aturation , th e COCs w e re w a s h e d t hre e t im e s w ith

S p - T A LP , an d tran s f erre d in t o 44 µ l f e rt iliz at ion drop s . T en COCs w ere m ov e d

t o e a ch f ert iliz at ion drop , f ollo w e d by 2 µ l of m ot ile s perm (5× 10 4 c e ll s / 5 0 µ l

drop ) , 2 µ l of h eparin (2 µ g / m l ) an d 2 µ l of P H E ( 18 .2 µ M P e nic illam in e , 9 .1



µ M H y pot aurin e an d 1 .8 µ M E pin ephrin e ) s t o ck .

T h e cle av e d e m bry o s w e re s e le c t e d at day 2 af t er IV F an d th en cu lt ure d in

5 0 µ l of m CR 1- F A F m e dium (w hich w a s s upplem en t e d w ith 3 m g / m l of f att y

ac id fre e B S A ) un der m in eral oil . A t day 4 , th e e m bry o s w ere t ran s f e rre d t o

m CR 1- F B S m e dium (w hic h w a s s upplem ent e d w ith 10 % F B S ) . F or

ex perim ent s , t h e e x pan de d bla s t o cy s t s pro du c e d at day 7 , 8 an d 9 aft er IV F

an d t h e e arly , ex pan de d an d h at ch in g b la s t o cy s t s obt ain e d at day 8 (F ig . 1 . A )

w e re u s e d .

2 . F re e z in g an d th a w in g

T h e v itrif ic at ion s olu t ion u s e d f or e x perim ent w a s ba s e d on t h at de s c rib e d by

K a s ai e t a l. (19 90 ) . T h e v itrif ic at ion s olu t ion , E F S 4 0 , c on s i s t e d of 4 0 % (v / v )

ethy len e g ly c ol (E G , S ig m a ) , 18 % (w / v ) f ic oll 7 0 (S ig m a ) an d 0 .3 M s u c ro s e

(S ig m a ) an d 10 % F B S di s s olv e d in m o dif ie d D ulb e c c o 's ph o s ph at e - buff ere d

s alin e (m D P B S , Gib c o B RL ) . B la s t o c y s t s w ere e quilibrat e d in 20 % E G f or 3

m in . an d e x po s e d t o E F S 4 0 (F ig . 1 . B ) an d lo a de d int o 0 .25 m l s traw f or 30

s e c . at 25℃ . T h e plu g e n d of e a ch s traw s w a s tre at e d w ith po w der an d h e at

s e ale d . T h e n th e s t raw w a s s lo w ly im m ers e d int o liqu id n it ro g en (LN 2 ) f or 10

s e c . A b out 5 ∼ 9 em bry o s w e re lo ade d in e a ch s traw .

A ft er a f e w day s or m ont h s of s t orag e in LN 2 , th e s traw s w e re pla c e d in air

f or 3 s e c . an d th e n w arm e d rapidly in w at e r b ath at 25℃ . T h e c ont e nt s of e ac h

s tra w w ere ex pe lle d in t o di s h c on t ain in g 0 .8 m l of m D P B S c ont ain in g 0 .3 M

s u c ro s e an d 10 % F B S (S - D P B S ) by c utt in g t h e c ott on plu g an d th en t h e

re c ov e re d em bry o s w ere put in t o f re s h 0 .3 M S - D P B S f or 5 m in . T h e e m bry o s

w e re t ran s f e rre d t o m D P B S w ith 10 % F B S f or 5 m in . B la s t o c y s t s w ere

cu lture d in a 10 µ l droplet of c o - cu lture m e dium (c um ulu s c e ll m on olay er +

m CR 1- F B S ) .

3 . A s s e s s m e nt of s urv iv al

S urv iv al rat e af t e r t h aw in g w a s m orph olo g ic ally a s s e s s e d by e x am in in g



re - e x pan s ion of b la s t o c o e l at 24 h of in v i t r o c u lt ure an d dev e lopm en t t o

h at ch in g or h at ch e d s t ag e at 4 8 h of cu lture (F ig . 1 . C ) .

4 . T ot al c e ll c ount

T o c om pare th e ef f e ct of v itrif ic at ion s olu t ion an d fre e z in g t o t h e c e ll num b e r

of b la s t o cy s t , t ot al c e ll num b er of h at c h e d bla s t o cy s t s (H B s ) aft e r f in al

ob s erv ation w a s c ount e d . T h e H B s w ere f ix e d w ith 2 % f orm alin s olu t ion f or 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 µ g / m l , S ig m a ) .

Ob s e rv at ion w a s c arrie d out un der u lt ra v iole t f ilt er in c orporat e d flu ore s c en t

m ic ro s c ope on day 1 aft e r m akin g s am ple (F ig . 1 . D ) .

5 . E x pe rim en t al de s ig n

1 ) T ox ic it y an d f re e z in g e ff e ct of v itrif ic at ion u s in g E F S 4 0

T o inv e s t ig at e th e t ox ic it y of v itrif ic at ion s olu t ion an d f re e z in g e ff e ct , t h e

ex pan de d bla s t o c y s t s on day 8 w e re div ide d at ran dom int o 3 g roup s (c ontrol ,

ex po s e d an d v it rif ie d ) . T h e ex po s e d g roup w a s put t hrou g h th e s am e pro c e dure

a s v itrif ic at ion ex c e pt b e in g plun g e d int o LN 2 . A n d th e v it rif ie d g roup w a s

tre at e d a s de s c rib e d abov e .

2 ) I n v it ro s urv iv al of b ov in e b la s t o cy s t s v itrif ie d at dif f e rent de v e lopm e nt al

s t ag e

T o inv e s t ig at e t h e eff e c t of v itrif ic at ion u s in g E F S 4 0 a c c ordin g t o diff eren t

dev e lopm ent al s t a g e , th e em bry o s on day 8 w ere div ide d int o e arly , ex pan de d

an d h at c h in g b la s t o cy s t s by m orph olo g ic al c h ara ct eri s t ic s (Kim e t a l ., 1996 ) .

A n d th e t w o - s t ep v it rif ic at ion an d th a w in g m et h o ds w e re c arrie d out a s

de s crib e d ab ov e .

3 ) I n v i t r o s urv iv al of b ov in e b la s t o cy s t s v itrif ie d at diff eren t em bry o a g e

T o ex am in e th e v iab ility of em bry o a c c ordin g t o em bry o a g e s , th e e x pan de d

bla s t o cy s t s dev e lope d on day 7 , 8 an d 9 of cu lt ure aft er IV F w e re v itrif ie d an d



th a w e d , re s pe ct iv e ly .

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

T h e s urv iv al rat e s aft e r e ac h t re atm ent w ere c om pare d u s in g Chi - s qu are

t e s t s u s in g S A S in s t itu t e s of t w are . A n d th e diff eren c e in num b e r of c e ll s

be t w e e n th e H B s of e ac h tre at e d g roup w a s c om pare d u s in g th e S tu dent 's

t - t e s t .

RE S U LT S

1 . P ro du ct ion of b ov in e IV M/ IV F/ IV C bla s t o c y s t s

T h e dev elopm ent rat e s of in v i t r o pro du c e d em bry o s w ere s h o w n in T able 1 .

T h e c le av ag e rat e on day 2 aft er IV F w a s 8 7 .3 % an d bla s t o c y s t f orm at ion rat e

on day 8 w a s 4 1 .0 % . A l s o , w h e n th e b la s t o cy s t s on day 8 w ere c la s s if ie d t o

e arly , ex pan de d , h at c h in g an d h at c h e d , th e ir de v e lopm e nt rat e s w ere 7 .6 , 22 .9 ,

4 .6 an d 5 .9 %, re s pe c t iv e ly .

2 . T ox ic it y an d f re e z in g e ff e ct of v itrif ic at ion u s in g E F S 4 0

T h e s urv iv al rat e s in v i t r o of day 8 b ov in e b la s t o c y s t ex po s e d or v itrif ie d in

E F S 4 0 w ere pre s e nt e d in T able 2 . W h en th e em bry o s w e re e x po s e d or v itrif ie d

t o t h e fre e z in g s olu t ion , th e re - ex pan s ion rat e s of c ontrol , e x po s e d an d v itrif ie d

em bry o s w ere 100 , 97 .0 an d 7 3 .3 %, re s pe ct iv e ly . T h e re - ex pan s ion rat e of

v itrif ie d e m bry o s w a s lo w er t h an th at of c on trol an d ex po s e d em bry o s

(P < 0 .0 1 ) . B ut th e f orm ation rat e s of h at ch in g or H B s of v itrif ie d em bry o s (66 .7 ,

46 .7 %) at 48 h aft er t h aw in g w ere s im ilar t o th o s e of e x po s e d em bry o s (66 .7 ,

39 .4 %) but n ot c ont rol ( 100 , 100 % ) (P < 0 .0 1 ) .

T ot al c e ll num b er of de v e lope d H B s of c ontrol g roup w a s 14 2 .7± 16 .0 an d t h at

of e x po s e d an d v itrif ie d g roup w a s 120 .1± 8 .1 an d 1 18 .9± 12 .0 , re s pe ct iv e ly .

T h e re w ere n ot s ig n if ic antly diff erent am on g th e tre atm ent g roup s .



3 . I n v i t r o s urv iv al of b ov in e b la s t o cy s t s v it rif ie d at dif f e rent dev e lopm ent al

s t ag e

A s s h o w n in T able 3 , w h en th e e m bry o s urv iv al rat e s by diff erent

dev e lopm ent al s t a g e w ere e x am in e d , th e re - e x pan s ion rat e s of e arly , ex pan de d

an d h at c h in g b la s t o cy s t w ere 64 .5 , 7 5 .6 an d 7 0 .0 %, re s pe c t iv e ly . T h e

re - e x pan s ion rat e w a s n ot dif f ere nt am on g th e g roup s . A ft er w arm in g 48 h , th e

h at ch in g or h at ch e d f orm at ion rat e of e arly bla s t o cy s t s w a s 25 .8 or 9 .7 % an d

th at of ex pan de d an d h at c h in g bla s t o cy s t s w a s 6 9 .7 or 39 .4 % an d 5 3 .3 or

4 3 .3 %, re s pe ct iv e ly . T h e de v elopm e nt al rat e of e arly b la s t o cy s t w a s

s ig n if ic ant ly lo w er th an th at of ex pan de d an d h at ch in g b la s t o cy s t s (P < 0 .05 ) .

4 . I n v i t r o s urv iv al of b ov in e b la s t o cy s t s v itrif ie d at diff eren t em bry o a g e

In T able 4 , w h en th e e x pan de d bla s t o cy s t s on day 7 , 8 an d 9 w ere v itrif ie d ,

th e re - e x pan s ion rat e of day 7 e m bry o s w a s 93 .9 % an d th at of day 8 an d 9

em bry o s w a s 75 .8 an d 87 .5 %. T h e re - e x pan s ion rat e s of day 8 an d 9 em bry o s

w e re s ig n if ic an tly lo w er t h an t h at of day 7 (P < 0 .05 ) . H o w ev e r , th e f orm ation

rat e s of h at ch in g an d h at ch e d w ere 7 2 .7 an d 36 .4 % f or day 7 , 6 3 .6 an d 36 .4 %

f or day 8 an d 56 .3 an d 3 1 .3 % f or day 9 e m bry o s , re s pe ct iv e ly . T h e

dev elopm ent al c apa city w a s n o diff eren c e am on g th e g roup s .

DIS CU S S ION

In t h e v itrif ic at ion of b ov in e ex pan de d bla s t o c y s t s , it w a s re port e d t h at

t w o - s t ep m e th o d u s in g 20 % E G an d E F S 4 0 w a s ef f e ct iv e (M ahm ou dz a de h e t

a l ., 1995 ) . H o w e v er , in th e pre s e nt e x perim ent s , t o c onfirm t ox ic it y of

v itrif ic at ion s olu t ion an d fre e z in g ef f e c t , th e re - ex pan s ion rat e an d

dev elopm ent al c apa c ity of th e ex po s e d an d v itrif ie d e m bry o s w e re lo w er t h an

th o s e of c on trol . T h at i s , it w a s appe are d t h e t ox ic ity t o v itrif ic at ion s olu t ion

an d th e fre e z in g ef f e ct . Gen erally , it i s kn o w n th at on e e s s e ntial f a ct or in

s urv iv al of fro z e n - t h aw e d em bry o s i s th e pe rm e at ion of a c e rt ain am ount of



th e cry oprot e c t ant in t o th e e m bry o (T ac h ik aw a e t a l ., 199 3 ) . T hu s , t o av oid th e

t ox ic ac t ion of th e cry oprot e ct an t , th e durat ion of e x po s ure s h ould b e a dju s t e d .

H o w ev er , t ot al c e ll num b er of dev e lope d h at c h e d bla s t o c y s t s of c ont rol , ex po s e d

an d v itrif ie d g roup s w a s n ot dif f e re nt . T hi s f in din g s s h o w e d th at w h e n in v it r o

pro du c e d bov in e b la s t o c y s t s w ere v it rif ie d th e t w o - s t ep m et h o d , th e s urv iv al

rat e of th o s e w a s re du c e d th an c on trol , but th e qu alit y of f ro z e n - t h aw e d

bla s t o cy s t w a s n ot b ad (S ah a e t a l ., 1996 ) .

P o s s ib le f ac t ors pro du c in g dif f ere n c e s in th e s urv iv al rat e s of v itrif ie d

o o cy t e s an d em bry o s at dif f e re nt s t a g e s of dev e lopm ent w ould b e 1 ) ch e m ic al

t ox ic ity of t h e c ry oprot e ct ant s , 2 ) o s m otic s hrink ag e of t h e c e ll , 3 ) in tra c e llu lar

ic e f orm ation , 4 ) v it rif ic at ion , 5 ) o s m otic s w ellin g of th e c e ll durin g rem ov al of

th e perm e at e d cry oprot e c t ant , 6 ) qu ality of em bry o s an d 7 ) dev e lopm ent al

s t a g e s of b la s t o c y s t s (H an e t a l ., 1994 ; M artin e z an d M atk ov ic , 1998 ) .

In th e pre s ent s tu dy , th e re - e x pan s ion or dev e lopm ent al rat e s of e arly

bla s t o cy s t w e re lo w er th an th o s e of ex pan de d an d h at c h in g bla s t o cy s t s .

M ahm ou dz a deh e t a l . (1995 ) an d H a s le r e t a l. (19 97 ) re port e d th at t h e s t a g e of

em bry onic dev e lopm ent h a s in f lu en c e on fro z e n - t h aw e d s urv iv al rat e . It i s

c au s e d t h at e arly b la s t o cy s t s s t ag e of in v i t r o pro du c e d em bry o s h a s b e en

s h o w n t o b e m ore s e n s it iv e t o ch illin g injury t h an e x pan de d bla s t o c y s t s

(P ollard an d L e ibo , 1994 ) . A l s o , it i s kn o w n th at b la s t o c y s t s dev e lope d e arlier

h av e m ore c e ll s an d f e w e r chrom o s om al an om alie s th an th o s e de v e lope d lat e r

(Zhu e t a l ., 1996 ) . T hu s , in v it ro pro du c e d b ov in e e m bry o s h av e b e en

eff ic ie ntly c ry opre s erv e d on day 7 rath e r th an on day 8 or 9 (Zhu e t a l ., 1996 ) .

H o w ev er , our re s u lt s s h o w e d t h at n ot on ly ex pan de d bla s t o c y s t s on day 7 but

al s o th o s e on day 8 or 9 c ou ld b e ef f ic iently c ry opre s erv e d . H a s ler e t a l. (1997 )

re port e d th at e m bry o s at an y g iv en s t a g e of dev e lopm ent h a d hig h e s t s urv iv al

rat e s w h en f ro z en at th e e arlie s t a g e th e s t a g e appe are d . A l s o , S ah a e t a l.

(1996 ) re port e d t h at w h en day 7 , 8 an d 9 e m bry o s w e re v it rif ie d s e parat e ly , th e

v iab ility of th o s e dif f e re d s ig n if ic ant ly . B ut , our re s u lt w a s s im ilar t o oth e r

re port (H an e t a l ., 1994 ) . It i s den ot e d t h at b ov in e IV M/ IV F/ IV C s y s t e m an d



v itrif ic at ion an d th a w in g m e th o ds in our laborat ory are s t ab le .

T h e s e re s u lt s in dic at e d th at in v it ro pro du c e d ex pan de d or h at c h in g

bla s t o cy s t s c an be e ff ic ien tly cry opre s e rv e d by th e t w o - s t e p v itrif ic at ion

m e th o d u s in g E F S 4 0 .

S U M MA RY

T h e obj e c t iv e of t h i s s tu dy w a s t o ex am in e th e e ff e c t of dev e lopm ent al s t a g e

an d em bry o a g e of in v i t ro pro du c e d b ov in e b la s t o c y s t s aft er v it rif ic at ion an d

th a w in g . I n v it r o c u lt ure d day 8 bla s t o cy s t s af t e r IV F w ere e quilibrat e d 20 %

ethy len e g ly c ol (E G ) f or 3 m in . an d w e re v it rif ie d u s in g E F S 4 0 , w hich i s

c on s i s t e d of 4 0 % E G , 18 % fic oll , 0 .3 M s u c ro s e an d 10 % F B S a dde d in m D P B S

f or 3 0 s e c . be f ore b ein g plun g e d int o LN 2 . A l s o , s urv iv al in v i t ro w a s a s s e s s e d

by re - e x pan s ion an d h at c h in g or h at ch e d at 24 h an d 48 h po s t w arm in g ,

re s pe c t iv e ly . T h e re s u lt s obt ain e d in t h e s e e x perim ent s w e re s um m ariz e d a s

f ollo w s ; 1 ) W h en th e em bry o s w ere cu lture d f or 8 day aft e r IV F , 4 1 .0 % of th e

c le av e d em bry o s dev e lope d t o t h e bla s t o cy s t s (e arly ; 7 .6 %, ex pan de d ; 22 .9 %,

h at ch in g ; 4 .6 % an d h at ch e d ; 5 .9 %) . 2 ) W h en th e e m bry o s w e re ex po s e d or

v itrif ie d t o t h e fre e z in g s olu t ion , t h e re - e x pan s ion of v itrif ie d em bry o s (7 3 .3 %)

w a s s ig n if ic antly lo w e r t h an t h at of c on trol an d e x po s e d em bry o s ( 100 , 97 .0 %)

(P < 0 .05 ) . B ut th e f orm at ion rat e of h at c h in g or h at ch e d bla s t o c y s t s of v it rif ie d

em bry o s (66 .7 , 46 .7 % ) at 4 8 h aft er th a w in g w a s s im ilar t o th at of ex po s e d

em bry o s (66 .7 , 3 9 .4 % ) but n ot c ont rol (100 , 100 % ) (P < 0 .0 1 ) . H o w ev e r , in t h e

t ot al c e ll num b ers of t h o s e dev e lope d h at c h e d bla s t o c y s t s , th ere w ere n ot

s ig n if ic ant ly dif f ere nt am on g t h e tre atm en t g roup s . 3 ) W h en th e em bry o

s urv iv al rat e s by dif f e re nt dev e lopm ent al s t ag e w ere ex am in e d , t h e

re - e x pan s ion w a s n ot dif f e rent am on g th e g roup s (64 .5 ∼ 75 .6 %) . A ft e r

w arm in g 4 8 h , th e h at ch in g an d h at ch e d f orm ation of e arly b la s t o cy s t s (25 .8 ,

9 .7 % ) w a s s ig n if ic antly lo w er th an t h o s e of ex pan de d (6 9 .7 , 3 9 .4 % ) an d

h at ch in g b la s t o cy s t s (5 3 .3 , 4 3 .3 % ) (P < 0 .05 ) . 4 ) In a ddit ion , w h e n th e ex pan de d



bla s t o cy s t s at day 7 , 8 an d 9 w ere v itrif ie d , t h e re - ex pan s ion of day 8 an d 9

em bry o s w a s s ig n if ic ant ly lo w er t h an t h at of day 7 (day 7 ; 9 3 .9 %, day 8 ;

75 .8 % an d day 9 ; 87 .5 %) (P < 0 .05 ) . H o w ev er , th e rat e s of de v e lopm e nt t o

h at ch e d bla s t o cy s t s w ere n o diff eren c e am on g th e g roup s (day 7 ; 36 .4 %, day 8 ;

36 .4 % an d day 9 ; 3 1 .3 % ) . T h e s e re s u lt s s u g g e s t e d th at in v i t ro pro du c e d

ex pan de d or h at c h in g b la s t o cy s t s c an b e e ff ic ie ntly c ry opre s erv e d by th e

t w o - s t ep v itrif ic at ion m et h o d u s in g E F S 4 0 .
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T able 1 . D e v elopm e nt al c apa c ity of b ov in e IV M/ IV F/ IV C em bry o s on day 8
(r =6 )

N o . of

em bry o s

c ultu re d

N o . (% ) of

c l e av e d

(≥ 2 - c e ll )

N o . (% ) of bla s t o cy s t s dev e lope d in t o

T ot al E arly E x pan de d H at chin g H at ch e d

5 26 459 (87 .3 ) 188 (4 1 .0 ) 35 (7 .6 ) 105 (22 .9 ) 2 1 (4 .6 ) 27 (5 .9 )

T able 2 . S urv iv al in v it r o of day 8 b ov in e b la s t o cy s t s v itrif ie d in E F S 4 0

T re at

- m en t

N o . of

b la s t o cy s t s *

N o . (% ) of b la s t oc y s t s †

Cell n um b e r

(M e an ±

S .E . )V it . R e c ov .

S urv iv e d

24 h 48 h

≥ R e - ex ≥ H g ≥ H g H d

Con trol 3 1 - -
3 1

(100 )a

29

(93 .5 )a

3 1

(100 )a

3 1

(100 )a

14 2 .7

± 16 .0

E x p o s e d 33 -
33

(100 )

3 2

(97 .0 )b

15

(45 .5 )b

22

(66 .7 )b

13

(39 .4 )b

120 .1

± 8 .1

V itrif i e d 3 1 3 1
3 0

(96 .8 )

22

(73 .3 )c

14

(46 .7 )b

20

(66 .7 )b

14

(46 .7 )b

118 .9

± 12 .0

* T he blas tocy s t s of ex panded s tag e w ere ex amined .
† V it .; V itrifi ed , Rec ov .; Rec ov ered , Re - ex ; Re - ex pans ion , H g ; H atching blas tocy s t s ,

Hd ; Hatched blas tocy s t s
a , b , c S upers cripts w ere s ig nific antly different w ithin the s am e c olumn (P < 0 .01) .



T able 3 . S urv iv al in v it ro of day 8 bov in e b la s t o cy s t s v it rif ie d in E F S 4 0 by
diff erent dev e lopm ent al s t ag e s

B la s to cy s t

s t ag e

N o . of

b la s t o cy s t s

N o . (% ) of b la s t oc y s t s †

V it . R e c ov .

S urv iv e d

24 h 48 h

≥ R e - ex ≥ H g ≥ H g H d

E arly 3 1 3 1
3 1

(100 )

20

(64 .5 )

4

(12 .9 )a

8

(25 .8 )c

3

(9 .7 )a

E x p an de d 33 33
33

(100 )

25

(75 .6 )

16

(48 .5 )b

23

(69 .7 )d

13

(39 .4 )b

H at ch in g 3 1 3 1
3 0

(96 .8 )

2 1

(7 0 .0 )

2 1

(7 0 .0 )b

16

(53 .3 )d

13

(43 .3 )b

a , b , c , d S upers cripts w ere s ig nific antly different w ithin the s am e c olumn
(a , b ; P < 0 .0 1 , c , d ; P < 0 .05 ) .

† V it .; V itrifi ed , Rec ov .; Rec ov ered , Re - ex ; Re - ex pans ion , H g ; H atching blas tocy s t s ,

Hd ; Hatched blas tocy s t s

T able 4 . S urv iv al in v i t ro of b ov in e bla s t o cy s t s v itrif ie d in E F S 4 0 by dif f e rent
a g e s

Cultu re

day

N o . of

b la s t oc y s t s *

N o . (% ) of bla s t oc y s t s †

V it . R e c ov .

S u rv iv e d

24 h 48 h

≥ R e - ex ≥ H g ≥ H g H d

7 33 33
33

(100 )

3 1

(93 .9 )a

11

(33 .3 )

24

(7 2 .7 )

12

(36 .4 )

8 34 34
33

(97 .1 )

25

(75 .8 )b

13

(39 .4 )

2 1

(63 .6 )

12

(36 .4 )

9 3 2 3 2
3 2

(100 )

28

(87 .5 )b

9

(28 .1 )

18

(56 .3 )

10

(3 1 .3 )



* T he blas tocy s t s of ex panded s tag e w ere ex amined .
† V it .; V itrifi ed , Rec ov .; Rec ov ered , Re - ex ; Re - ex pans ion , H g ; H atching blas tocy s t s ,

Hd ; Hatched blas tocy s t s
a , b S upers cripts w ere s ig nific antly different w ithin the s am e c olumn (P < 0 .05 ) .



F ig . 1 . A s erie s of c ours e from v itrif ic ation to s urv iv al aft er thaw ing . A . Ex pande d
bla s t ocy s t s on day 8 (× 150 ) , B . Ex panded blas t ocy s t s ex po s ed t o 20% E G
and EF S 40 (× 150 ) , C . D ev elope d bla s t ocy s t s at 48 h aft er thaw ing (× 100 ) ,
D . H oech s t s t ained hat che d bla s t ocy s t at 48 h aft er thaw ing (t ot al ce ll
num ber ; 152 ) (×300 )


