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= 국문초록 =

본 연구는 생쥐 미수정란을 초자화 동결하였을 때 , 체내 /외 발달율에 미치는 영향

을 연구하고자 실시하였다 . 생쥐 미수정란은 30 , 35 , 4 0 % e thy len e g ly c ol , 18 %

f ic oll 과 0 .5 M s u c ro s e가 함유된 M 2 배양액으로 구성된 E F S 30 , 35 , 4 0을 이용하여

초자화 동결되었다 . 노출 또는 초자화 동결 -융해 후 , 형태학적으로 정상적인 미수정

란은 1- 2x 10 6 / m l 농도의 정자로 체외수정되었고 , 수정율과 체내 /외 발달율 그리고 배

반포의 세포수 (inn er c e ll m a s s 와 t rope ct o derm c ell )가 조사되었다 . 본 실험에서

얻어진 결과는 다음과 같다 . 35 %의 et hy le n e g ly c ol이 함유된 E F S 35에서 E F S 3 0과

E F S 4 0보다 높은 분할율을 나타냈다 . 초자화 동결 -융해 후 체외수정된 미수정란의

2 -세포기까지의 발달율 (5 1 .1%) 은 동결없이 초자화 동결액에 노출만된 군 (6 0 .0 % )

과 대조군 (6 8 .2 % ) 에 비해 유의하게 감소하였다 (p < 0 .05 ) . 그러나 이들 처리군에 있

어서 난할된 난자로 부터의 배반포기배까지의 발달율에는 유의한 차가 없었다 (75 .0 ,

7 3 .3 과 8 0 .0 % ) . 또한 초자화 동결된 군의 배반포기배 세포수 (92 .5± 2 .9 ) 도 노출군

(98 .5± 5 .3 ) , 대조군 (100 .9± 4 .8 ) 과 유사하였다 . 초자화 동결 -융해하여 얻어진 배반

포기배를 가임신 생쥐에 이식하였을 때 체내발달율인 산자발달율 (5 0 .7 %) 과 착상율

(8 0 .0 %) 도 , 대조군 (58 .2 , 7 8 .2 % ) 과 유사하였다 . 이러한 결과로 보아 , 생쥐 미수정

란은 et hy len e g ly c ol를 기본으로 한 E F S 35라는 초자화 동결액을 이용하여 동결보존

될 수 있음을 알 수 있었다 .



IN T ROD U CT ION

M any inv e s t ig at ors h av e report e d th at m am m alian e m bry o s c ou ld b e

s u c c e s s f u lly c ry opre s erv e d (W hitt in g h am e t a l., 197 2 ; F rie dler e t a l., 1988 ; K im

e t a l., 1996 a ) . H o w ev er , dev e lopm ent al c apa c ity of cry opre s e rv e d o o c y t e s w a s

s t ill po or c om pare d t o th at of em bry onic s t a g e s , b e c au s e th e c ry opre s erv at ion

m et h o d of o o c y t e s w a s n ot opt im al re s u lt in g in ov erall re du c e d s urv iv al an d

f ert iliz at ion rat e s (Glen i s t e r e t a l., 1987 ) . T h e s e f ailure m ay b e du e t o z on a

h arden in g (Carroll e t a l., 1990 ) , s pin dle di s ruption (A ig n er e t a l., 1992 ) an d

c hrom o s om e abn orm alit y (B ou qu et e t a l., 1992 ) by fre e z in g . E arlier s t u die s on

o o c y t e s cry opre s e rv ation h av e pe rf orm e d th e s lo w or c onv e ntion al c o olin g

pro c e dure s u s in g dim et hy l s u lf ox ide (D M S O ) an d 1,2 - propan e diol (W hitt in g h am ,

197 2 ; T roun s on an d Kirby , 198 9 ; A ig n er e t a l., 1992 ) . Re c e ntly , u ltra - rapid

f re e z in g an d v it rif ic at ion w hic h w ere rapid an d s im ple f re e z in g m et h o d (K ola

e t a l., 198 8 ; N ak a g at a , 198 9 ; K on o e t a l., 199 1 ) h av e b e e n int ro du c e d in th e

o o c y t e s c ry opre s erv ation . S h a w e t a l . ( 199 1 ) re port e d h ig h de v elopm e nt rat e s

of v itrif ie d - th a w e d m ou s e o o cy t e s af t er f ert ilization in v it r o . S u c c e s s fu l

v it rif ic at ion re quire s a h ig h c on c e ntrat ion of c ry opre s erv ation an d optim al

f re e z in g pro c e dure t h at m in im iz e b oth o s m ot ic dam a g e an d c h em ic al t ox ic ity .

K im e t a l . (1996 a ) report e d t h at m ou s e zy g ot e s c ou ld b e v itrif ie d by E F S 4 0

w hic h b a s e d on 4 0 % e thy le n e g ly c ol w hic h ex po s e d t o E F S 4 0 f or 30 s e c .

H o w e v er , unf ert iliz e d o o c y t e s of m ou s e h av e lo w e r perm e abilit y t o

c ry oprot e ct ant , t hu s s uf f ic ient t im e f or th e cry oprot e c t ant t o pe rm e at e in t o t h e

c e ll s i s n e e d (Ray o s e t a l., 1994 ) .

T h eref ore , thi s s tu dy w a s c on du ct e d to s e lect th e optim al v itrif ication

s olution t o m aint ain th e s urv iv al of m ou s e o o cy t e s . I n v it r o/ in v iv o

dev elopm ent an d c ell n um b er of cry opre s e rv e d m ou s e o o c y t e s u s in g s e le ct e d

v it rif ic at ion s olu t ion w ere e x am in e d .



M A T E RIA LS A N D M ET H OD S

1. Production of zy g ote s in v it r o

S uperov ulat e d m ou s e o o c y t e s w ere obt ain e d f rom C57B L/ CB A F 1 hy brid

f em ale m ic e by 7 .5 IU P M S G an d 7 .5 IU h CG 4 8 hr apart . Cum ulu s c e ll s w e re

re m ov e d by in c ub at in g in M 2 m e dium c ont ain in g 0 .03 % hy aluronida s e . T h e

denu de d o o cy t e s w e re w a s h e d thre e t im e s an d po ole d in f re s h M 2 m e dium

b e f ore v itrif ic at ion or f e rt iliz at ion in v it r o .

2 . Ex perim ent al g roups

Oo c y t e s w ith n orm al m orph olo g y w ere di s tribut e d t o thre e ex perim e nt al

g roup s . T h e firs t g roup w a s s e rv e d a s a c ont rol . T h e s e c on d g roup w a s put

t hrou g h t h e s am e pro c e dure a s v itrif ic at ion ex c ept b ein g plun g e d int o liqu id

n itro g en (LN 2 ) (e x po s e d ) . T h e th ird g roup w a s v itrif ie d u s in g th e pro c e dure

de s c rib e d b elo w .

3 . V itrific ation and thaw ing

Oo c y t e s w ere f ro z en a c c ordin g t o our m o dif ie d prot o c ol de s crib e d by K im e t

a l . ( 1996 a ) . A ll fre e z in g s olu t ion w ere m a de w it h M 2 c ont ain in g 10 % F B S , an d

m anipu lat ion s w e re c arrie d out at 25℃ ro om t em perat ure . V itrif ic at ion s olu t ion

(V S ) w a s u s e d E F S (et hy len e g ly c ol , 18 % fic oll an d 0 .5 M s u cro s e in M 2

m e dium ) . T h e cum ulu s - f ree m ou s e oocy te s w ere f irs t e x po s e d t o 10 % e thy len e

g ly c ol (E G ) f or 10 m in . T h en , o o c y t e s w ere t ran s f e rre d in div idu al E F S

c on s i s t in g of 30 , 35 an d 4 0 % E G f or 3 0 s e c b ef ore b e in g plun g e d int o LN 2 .

V it rif ie d s am ple s w e re w arm e d in a 25℃ w at e r b at h ; th en cry oprot e c t ant w a s

re m ov e d by t w o - s t ep m et h o ds w hich o o cy t e s w e re e x po s e d t o 0 .5 M

s u cro s e - M 2 m e dium an d M 2 m e dium f or 5 m in at 25℃ , re s pe ct iv e ly an d t h en

t ran s f e rre d t o fre s h M 2 m e dium f or 10 m in at 37℃ .



4 . A s s e s s m ent of in v it r o/ in v iv o dev elopm ent

M orph olog ically n orm al e g g s at 1 hr af t er th a w in g or e x po s ure w ere

un derw ent in s em in ation in v i t ro w ith epididy m al s perm ( 1- 2 x 10 6 / m l ) in M 16

m e dium . A f t e r b e in g in c ubat e d f or 6 hr , s om e o o cy t e s w ere s t ain e d by h o e c h s t

f or th e a s s e s s m ent of f e rt iliz at ion . A l s o , th e rem ain ders w ere c u lture d an d

s c ore d th e c le av a g e rat e s t o th e t w o - c e ll s s t a g e at 24 hr aft er in s em in ation .

D ev e lopm en t t o t h e b la s t o c y s t s w a s a s s e s s e d at day 4 af t e r in s em in ation . A n d

s om e of t h e s e b la s t o cy s t s w e re t ran s f e rre d t o th e ut eru s of day 3

p s eu dopre g n ant f em ale ICR rec ipient s . T h e re c ipient s w e re kille d on day 15 of

pre g n an cy an d th e n um b er of liv e an d re s orb in g f e tu s e s a s w ell a s t h e

im plan t at ion s it e s w e re det e rm in e d .

5 . Inner cell m as s (ICM ) and trophectoderm (T E ) cell count

D ay 5 cu lture d em bry o s w ere s t ain e d a s de s crib e d by Kim e t a l. ( 1996b ) .

T h e c e ll num be rs of ICM an d T E c e ll in v itrif ie d - th a w e d em bry o s by

diff erent ial lab e llin g of th e nu c le i w ith im m un o s urg ery an d poly nu cle ot ide

- s pe c if ic f lu oro c hrom e s w ere c om pare d t o th at of e x po s e d an d c ont rol .

6 . D at a analy s i s

A ll th e e x perim ent s w e re re pe at e d at le a s t thre e t im e s . D at a w e re an aly z e d

by ch i - s qu are t e s t s .



RE S U LT S

1. Effect of ethy lene g ly col concentration on dev elopm ent

T o s e le ct th e optim al v it rif ic at ion s olu t ion of m ou s e o o c y t e s , w e ex am in e d

t h e in v i t r o f ert iliz at ion an d bla s t o cy s t s f orm ation of o o cy t e s v itrif ie d t o

v ariou s E G lev e ls (30 , 35 an d 4 0 % ) . T h e s urv iv al rat e s at E F S 30 , 35 an d 4 0

w e re 95 .5 , 94 .3 an d 2 0 .8 %, re s pe c t iv e ly (T able 1 ) . T h e c le av a g e an d

bla s t o cy s t s f orm at ion of E F S 30 an d 35 w ere s ig n if ic an tly h ig h er th an t h o s e of

E F S 4 0 (p < 0 .0 1 ) . N o s ig n if ic ant dif f e re n c e w ere b et w e en E F S 30 an d E F S 35 .

H o w e v er , h ig h e r f ert iliz at ion an d bla s t o c y s t s f orm at ion rat e s w ere obt ain e d in

E F S 35 th an in E F S 30 . T h eref ore , in t h e f ollo w in g ex pe rim en t , o o c y t e s w e re

v it rif ie d in E F S 35

2 . F ertilization rate s

T h e re s u lt s of s perm pen et rat ion int o th e o o c y t e s at 6 hr af t er in s em in ation

w e re s um m ariz e d in T able 2 . T h e pronu cle ar rat e s of v itrif ie d o o cy t e s w ere

s ig n if ic antly lo w e r t h an t h o s e of c ont rol o o c y t e s (p < 0 .05 ) . B ut th ere w e re n ot

s ig n if ic ant dif f e ren c e s b et w e en c ontrol an d ex po s e d g roup . M ore ov e r ,

poly s perm y rat e s of v itrif ie d g roup (28 .9 % ) w ere s ig n if ic antly h ig h e r t h an

t h o s e of c ont rol (5 .2 % ) an d ex po s e d (9 .3 %) g roup .

3 . I n v it r o dev elopm ent

T h e c le av ag e rat e s of v itrif ie d o o cy t e s (5 1 .1 %) (T able 3 ) w ere s ig n if ic antly

lo w er th an th o s e of c ont rol an d ex po s e d (68 .2 , 6 0 .0 %) (p < 0 .05 ) . H o w ev e r ,

7 5 .0 % of c le av e d e m bry o s in v itrif ie d g roup dev elope d t o th e bla s t o cy s t s

s t a g e s at day 4 aft er in s em in ation . T hi s dat a w a s s im ilar t o th at of c ont rol

an d e x po s e d (80 .0 , 73 .3 %) .

4 . N umber of ICM and T E cell per blas tocy s t s

T o ev alu at e e m bry o qu alit ie s , day 5 b la s t o c y s t s w ere f ix e d f or c ountin g th e ir

n um b er of ICM an d T E c ell . T h e c ount s of t ot al an d ICM/ T E c ell n um b er



u s in g diff erent ial lab e llin g are s um m ariz e d in T able 3 . T h ere w ere n o

s ig n if ic antly dif f ere n c e s in t h e num b er of t ot al c e ll am on g fre s h cu lture d

bla s t o cy s t s (10 0 .9± 4 .8 ) , ex po s e d (98 .5± 5 .3 ) an d v itrif ie d (92 .5± 2 .9 ) . A l s o , th e

ICM an d T E c e ll num b er am on g g roup s w a s n ot diff eren t .

5 . I n v iv o dev elopm ent

T h e de v elopm e nt in v iv o af t e r e m bry o tran s f er of b la s t o cy s t s de riv e d from

v it rif ie d o o c y t e s an d of c ontrol b la s t o cy s t s i s s h o w n in T able 5 . T h e

b la s t o cy s t s deriv e d from v it rif ie d - th a w e d o o c y t e s t h at dev e lope d t o liv e

f et u s e s (5 0 .7 %) on 15 day w e re s im ilar t o th o s e from c ontrol (58 .2 %) .

M ore ov er , t h e im plant at ion rat e of v it rif ie d (8 0 .0 % ) w a s n ot s ig n if ic antly

diff erent f rom t h at of c ont rol (78 .2 %) .



D IS CU S S ION

T h e E G a s a cry oprot e c t ant w a s f irs t e x am in e d by M iy am ot o an d Is h iba s h i

( 1994 ) w h o f oun d th at em bry o s fro z en in E G s h o w e d s urv iv al rat e s th a t w ere

e qu al t o or h ig h er th an e m bry o s f ro z e n in D M S O . In th i s s tu dy , m ore th an

9 0 % of t h e fro z e n o o cy t e s w ere re c ov ere d an d s urv iv e d in E F S 30 an d 35 af t er

t h aw in g , but m o s t of o o c y t e s w ere ly s e d im m e diat e ly in E F S 4 0 (T able 1 ) .

W h e n th e s t ra w v itrif ie d in E F S 3 0 w a s th a w e d , v itrif ie d g la s s of t h e E F S 30

droplet b e c om e s t e m porarily opaqu e durin g w arm in g w hich i s an in dic at ion of

dev itrif ic at ion (ic e f orm ation ) . It c au s e s t h erm al s t re s s t o o o cy t e s . F orty

pe rc ent E G c au s e ly s i s of o o c y t e s . P rolon g e d ex po s ure of o o cy t e s t o h ig h E G

c on c entrat ion c au s e d bleb f orm ation s on t h e em bry o s (H ot am i s lig il e t a l. ,

1996 ) . Ray o s e t a l. (1994 ) report e d th at ethy len e g ly c ol in c om bin at ion w ith

e ith er s u c ro s e or treh alo s e c an b e u s e d ef f e c t iv e ly in th e quic k f re e z in g of

un f ert iliz e d m ou s e o o c y t e s .

A num b er of s tu die s h av e s u g g e s t e d t h at c o olin g of unf ert iliz e d o o c y t e s ,

e v en t o ro om t e m pe rature , m ay im pair th e ir ab ility t o b e f ert iliz e d an d

dev elope d n orm ally (Glen i s t e r e t a l., 1987 ; W o o d e t a l., 1992 ) . In th e s tu dy

re port e d h e re , w e obt ain e d a hig h m e an perc ent a g e s of m orph olo g ic ally n orm al

o o c y t e s (ov e r 90 % ) . A lth ou g h a hig h s urv iv al rat e w a s obt ain e d , w e report e d a

m e an perc e nt a g e s of t w o - c e ll s t h at w a s lo w e r th an ex po s e d an d c ontrol . In

a ddit ion , poly s pe rm y w a s s ig n if ic antly in c re a s e d in v it rif ie d g roup . Carroll e t

a l . ( 1990 ) re port e d an in c re a s e d fre qu en c y of poly ploidy in f ro z e n - t h aw e d

o o c y t e s c om pare d w ith th e n on - f ro z en c ontrol . T h e y e x plain e d th at t h i s w a s

c au s e d m ain ly by th e ret ention of th e s ec on d polar b ody . A l s o , an in crea s e d

frequ en cy of poly ploidy m ay b e du e to poly s perm y (R ay o s e t a l., 1994 ) .

H ow ev er , th e dev e lopm en t rate of v itrif ied - th aw ed oocy t e s to th e blas tocy s t s

s tag e af t e r in v it r o f ert iliz at ion w a s n ot s ig n if ic antly dif f e rent c om pare d t o

t h at of e x po s e d an d c ont rol . It h a s be en report e d th at c o olin g of o o cy t e s ,

e x po s ure t o v itrif ic at ion s olution c an h av e a z on a - h arden in g an d

f ert iliz at ion - de c re a s in g e ff e c t (John s on e t a l., 1988 ; W o o d e t a l., 199 2 ) . S in c e



e x po s ure t o t h e c ry oprotec tant did n ot de c re a s e f ert iliz at ion rat e s in our s t u dy ,

it i s po s s ib le th at t h e f ert iliz at ion de cre a s in g ef f e c t i s re lat e d t o v ariat ion s in

t h e fre e z in g it s e lf .

W e als o perf orm e d c om parin g ICM an d T E c ell num b e r in c ontrol (19 .1± 1 .7 ,

8 1 .8± 3 .7 ) , e x po s e d ( 18 .5± 1 .4 , 78 .5± 5 .0 ) an d v itrif ie d g roup (17 .5± 1 .0 ,

7 4 .9± 2 .7 ) . T h e re w ere n o dif f ere n c e s am on g g roup s . Liv e n orm al f e tu s e s on

day 15 obt ain e d aft er t ran s f e r of b la s t o c y s t s de riv e d from f ro z e n - t h aw e d

o o c y t e s w ere s im ilar t o th o s e of c ont rol . T h e s e re s u lt s dem on s t rat e d th at

b la s t o cy s t s deriv e d f rom fro z e n - t h aw e d o o c y t e s h a d n ot lo s t t h e ir ab ility t o

e nt e r m it ot ic div i s ion . M oreov er , th e im plantation rate s an d liv e f etu s rat e s to

th e blas tocy s t s obtain ed from v itrif ie d - th a w e d o o c y t e s th at w ere in s em in at e d

an d culture d in v i t r o w ere s im ilar t o th o s e of c ontrol (T able 5 ) . T hi s f in din g

w a s in c on s i s t ent w ith report s by V an der E l s t e t a l. (19 93 ) , w h o s h o w e d th at

u lt rarapid f re e z in g in du c e d abn orm al f etu s .

In c on clu s ion , m ou s e un f ert iliz e d o o c y t e s w ere c ry opre s erv e d by in t h i s

propo s e d v itrif ic at ion m et h o d w hich u s e d et hy le n e g ly c ol (E F S 35 ) . H o w e v er ,

f urth er s t u dy s h ould b e n e c e s s it at e d t o in c re a s e f e rt iliz at ion rate s an d f in d

m ore s u it ab le m eth o d . Ov e rall , t h e re s u lt s pre s e nt e d h e re s u g g e s t th at

v it rif ic at ion c ou ld b e an a c c ept ab le m e th o d f or c ry opre s erv ation of unf e rt iliz e d

ov a .



S U M M A RY

T hi s s t u dy w a s c arrie d out t o inv e s t ig at e in v i t ro/ in v iv o dev elopm ent of

v it rif ie d m ou s e o o c y t e s . M ou s e o o cy t e s w e re v itrif ie d u s in g E F S 30 , 35 an d 4 0

(30 , 35 an d 4 0 % et hy len e g ly c ol , 18 % f ic oll an d 0 .5 M s u c ro s e in M 2 m e dium ) .

A f t er b e in g e x po s e d or v it rif ie d - th a w e d , o o cy t e s of n orm al m orph olo g y w ere

in s em in at e d in v i t ro by 1- 2 x 10 6 / m l of epididy m al s perm . T h e rat e s of

f ert iliz at ion , in v i t r o/ in v iv o de v elopm e nt an d c ell num b e r (inn er c e ll m a s s an d

t rope ct o derm c e ll ) of b la s t o c y s t s in e a ch t re atm ent g roup w ere ex am in e d . T h e

re s ult s obtain ed in th e s e ex perim ent s w e re s um m ariz e d a s f ollo w s : T h e

c le av ag e rat e s w ere obt ain e d in E F S 35 c ont ain in g 35 % et hy len e g ly c ol h ig h e r

t h an in E F S 3 0 an d E F S 4 0 . T h e dev elopm ent rat e of v itrif ie d - th a w e d o o c y t e s t o

t w o - c e ll s t a g e aft er in v it r o f ert iliz at ion (5 1 .1%) w a s s ig n if ic antly diff eren t

c om pare d t o th at of ex po s e d t o v it rif ic at ion s olu t ion w it h out c o olin g (6 0 .0 % )

an d c ontrol (6 8 .2 % ) (p < 0 .05 ) . H o w e v er , th ere w e re n o dif f e re n c e s in t h e

b la s t o cy s t s f orm ation from th e c le av e d em bry o s am on g g roup s (75 .0 , 7 3 .3 an d

8 0 .0 % ) . A l s o , t h e m e an num b er of c e ll s per b las tocy s t s of v itrif ie d g roup

(92 .5± 2 .9 ) w a s s im ilar t o th at of th e e x po s e d (98 .5± 5 .3 ) an d c ont rol

( 100 .9± 4 .8 ) . I n v iv o de v elopm e nt of th e b la s t o cy s t s deriv e d f rom v itrif ie d

- th a w e d o o c y t e s re s u lt e d in f et al dev e lopm en t (5 0 .7 % ) an d im plant at ion rat e s

(8 0 .0 %) w hic h are v ery s im ilar t o th o s e of c ont rol (58 .2 , 78 .2 %) . T h e s e re s u lt s

s u g g e s t t h at m ou s e o o c y t e s c ou ld b e c ry opre s erv e d u s in g v it rif ic at ion s olu t ion

(E F S 35 ) b a s e d on e thy len e g ly c ol .
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T able 1 . S urv iv al of v itrif ie d - t h aw e d o o cy t e s ex po s e d t o E F S 30 , 35 , 4 0

v itrif ic at ion s olu t ion

T re at .
N o . of

v itrif ie d
o o cy t e s

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

N o . of
in s em in ate d

o o c y t e s

N o . of em bry o s (%)

2 - c e ll day 4
bla s t o cy s t

E F S 30 155 14 8 (95 .5 )a 14 1 4 3 (30 .5 ) a b 3 0 (7 0 .0 )

E F S 35 157 14 8 (94 .3 )a 148 7 1 (48 .0 ) a 5 5 (77 .5 )

E F S 4 0 125 26 (20 .8 )b 24 3 ( 12 .5 )b 2 (66 .7 )

a ,b S upers c ript s w ere s ig n if ic antly diff erent w it h in th e s am e c olum n (p< 0 .0 1 ) .

T able 2 . F ert iliz at ion of v it rif ie d an d ex po s e d m ou s e o o cy t e s in E F S 35

T re atm ent
N o . of

ex am in e d
o o cy t e s

N o . of o o cy t e s f ert iliz e d
M e an n o . of
s perm / o o cy t et ot al 2P N poly s perm ic

Control 8 3 58 (6 9 .9 ) a 5 5 (66 .3 )c 3 (5 .2 )c 1 .1

E x po s e d 85 54 (6 3 .5 ) a ,b 4 9 (57 .7 )c 5 (9 .3 )c 1 .2

V itrif ie d 8 3 45 (54 .2 )b 28 (33 .7 )d 13 (28 .9 )d 1 .6

a ,b S upe rs c ript s w ere s ig n if ic antly diff erent w it h in th e s am e c olum n (p < 0 .05 ) .
c ,d S upe rs c ript s w ere s ig nific antly diff erent w it h in th e s am e c olum n (p < 0 .0 1 ) .

T able 3 . In v it ro dev elopm ent of m ou s e oocy t e s v itrif ie d in EF S 35



T re at .
N o . of

ex am in e d
o o c y t e s

N o . of
s urv iv e d

o o cy t e s (% )

N o . of
in s em in at e d

o o cy t e s

N o . o f (%)

2 - cell
day 4

bla s t ocy s t

Control 110 110 (100 ) 110 75 (6 8 .2 ) a 6 0 (8 0 .0 )

E x po s e d 110 108 (98 .2 ) 100 6 0 (6 0 .0 )a ,b 44 (7 3 .3 )

V itrif ie d 110 10 1 (9 1 .8 ) 94 48 (5 1 .1 )b 36 (75 .0 )

a ,b S upe rs c ript s w ere s ig n if ic antly diff erent w it h in th e s am e c olum n (p < 0 .05 ) .



T able 4 . N um b ers of ICM an d T E c e ll of day 5 bla s t o c y s t s deriv e d
from v itrif ie d o o cy t e s

T re atm ent
N o . of t ot al c e ll
(M e an ± S .E .)

Cell num be r (M e an ± S .E .)

ICM T E

Control 10 0 .9 ± 4 .8 19 .1 ± 1 .7 8 1 .8 ± 3 .7

E x po s e d 98 .5 ± 5 .3 18 .5 ± 1 .4 78 .5 ± 5 .0

V itrif ie d 92 .5 ± 2 .9 17 .5 ± 1 .0 74 .9 ± 2 .7

S .E . : s t an dard error .
ICM : inn er c e ll m a s s
T E : troph e c t o de rm c ell

T able 5 . I n v iv o de v elopm e nt of b la s t o cy s t s deriv e d from v it rif ie d
m ou s e o o c y t e s

T re at .

N o . of
pre g n ant
re c ipien t

(% )

N o . of
tran s f erre d
bla s t o cy s t

N o . of D ay 15 of g e s t at ion (% )

t ot al P R liv e
f etu s e s

re s orpt ion
s it e

t ot al
im plan t at ion

Control
10/ 13

(76 .9 )
7 3 55

32

(5 8 .2 )

1 1

(2 0 .0 )

4 3

(78 .2 )

V itrif ie d
10/ 12

(8 3 .3 )
87 75

38

(5 0 .7 )

2 2

(2 9 .3 )

6 0

(8 0 .0 )

P R : P re g n ant re c ipient .


