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= 국문초록 =

본 연구는 인간 전 핵기 수 정란의 동결시 e le c tron m ic ro s c ope g rid를 사용하

는 초급속 동결방 법이 유용하는 지 여부를 조사 하고자 실시하 였다 . 본 실험에서

는 인간 IV F 시 술시 생 성되는 다 - 전핵 기 (> 2P N ) 수정 란을 정 상 2P N 수정란 대

신 사 용하였으며 , 또한 이 들은 3P N 과 ≥ 4P N 수정란 으로 나누어 전핵의 수 에

따 른 냉해와 융해 후 체외 배발달 율을 조사하였 다 . 동해 제는 30 % ethy len e

g ly c ol , 18 % f ic oll , 0 .5 M s u c ro s e와 10 % F B S 등 이 D - P B S 에 첨가되어 제 작된

E F S 30을 사용하였 다 . 본 연구에 서 얻어진 결과는 다음과 같다 . 초급속동결 - 융

해 후 , 인 간 다 - 전핵기 수정란의 생존율은 85 .5 % 였 다 . 대조군과 동결군의 난할

율 을 전핵의 수에 따라 나누어 비 교하였을 때 , 각 군간에는 유의 한 차이를 나타

내 지 않았다 (3P N ; 8 1 .3 % 와 85 .4 % , ≥ 4P N ; 90 .0 % 와 95 .7 % ) . 또한 , 융해 후

체 외발달율을 조사 하였던바 , ≥ 4P N 수정 란에서는 동결군 (4 .5 %) 의 체 외발달이

대 조군 (44 .4 %) 보다 유의하 게 낮게 나타났 던 반면 , 3P N 수정란에서 는 동결 군

(22 .0 %) 의 결과 가 대 조군 (38 .5 %) 에 비 해 유 의한 차이를 나타내지 않았다

(p < 0 .05 ) . 따라 서 인간 다 - 전핵기 수정 란은 E M g rid와 E F S 3 0 동결액을 이 용한

초 급속 동결로 배발달 을 유도할 수 있다는 것을 알 수 있 었다 .



IN T RODU CT ION

Cry opre s e rv at ion h a s n o w b e c om e an e s s e ntial a s s i s t e d re pro du ction

t e c hniqu e in hum an in v it r o f ert iliz at ion (IV F ) pro g ram f or t h e pat ient s t o

h av e th e opportun ity of pre g n an cie s from m ore t h an on e em bry o tran s f er

w it h out h av in g t o b e s ubje ct e d t o c ontrolle d ov arian hy pe rs t im ulat ion an d

o o c y t e ret riev al e ac h tim e (A bb e e l e t a l. , 1997 ; B ak er , 19 97 ) . H um an

e m bry o s h av e b e e n cry opre s e rv e d at th e unic e llu lar pron u cle ar s t ag e , at

t h e m ult ic e llu lar c le av ag e s t a g e s or at th e bla s t o cy s t s t a g e u s in g diff erent

f re e z in g prot o c ol s w it h e ith er dim e thy l s u lf ox ide (D M S O ) , 1 ,2 - propan e diol

(P ROH ) or g ly c erol a s c ry oprot e ct iv e a g ent s (T roun s on an d M ohr , 198 3 ;

Coh e n e t a l. , 1988 ; F eicht in g er e t a l. , 199 1 ; V e ek e t a l. , 1993 ; K aufm ann

e t a l. , 1995 ) . A l s o , f or t h e s e de v e lopm e nt al s t a g e s fre e z in g m e th o d h a s

m ain ly e m ploy e d s lo w c ontrolle d - rat e c o olin g (F rie dler e t a l. , 198 8 ) . T h e s e

m et h o ds re quire ex pe n s iv e e quipm en t an d are t im e - c on s um in g . H o w ev er ,

t o e lu de t h e s e di s adv ant ag e s , s im pler an d f a s t e r f re e z in g m e th o ds h av e

b e en dev e lope d s u ch a s v itrif ic at ion (R all an d F ahy , 1985 ) an d ultra - rapid

f re e z in g (T roun s on e t a l. , 1987 ) . In a ddit ion , s e v eral pre g n an cie s by

u lt ra - rapid f re e z in g w ere report e d in hum an (T roun s on , 199 0 ; B arg an d

F eic htin g e r ., 1990 ; Gordt s e t a l. , 19 90 ; F e icht in g er e t a l. , 199 1 ) . On t h e

ot h er h an d , M artin o e t a l. , ( 1996 ) dem on s trat e d t h at h ig h ly dev e lopm ent al

c apa c ity of b ov in e o o cy t e s c an be obt ain e d by a n e w ultra - rapid f re e z in g

m et h o d u s in g e le c tron m ic ro s c ope (E M ) g rids . T hi s f a ct w a s prov e d in

our re s u lt s (K im e t a l. , 1998 a ,b ) . B a s e d on th e s e dat a , w e t e s t e d w h e th er

t h e dev elopm ent al c apac ity of hum an m ult i - pronu c le ar (P N ) zy g ot e s aft e r

u lt ra - rapid fre e z in g u s in g E M g rids c an b e m aint ain e d .



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

1 . Re c ov e ry of hum an m ult i - P N zy g ot e s

H um an abn orm ally f ert iliz e d o o cy t e s w ere obt ain e d f rom patient s

un derg oin g IV F . B rief ly , th e pat ient s , af t e r pitu it ary - g on adal s uppre s s ion

w it h a lu t e in iz in g h orm on e re le a s in g h orm on e (LH RH ) ag oni s t (B u s ere lin ,

H o e ch s t ) , w e re s t im ulat e d w ith g on a dotrophin (F S H/ hM G or hM G alon e )

f ollo w e d by th e a dm in i s t rat ion of hum an ch orion ic g on a dotrophin (h CG ;

H um e g on , Org an on ) f or f in al s t a g e of f ollic u lar m aturation . P re ov u lat ory

o o c y t e s w ere ret rie v e d at 34 - 36 h af t er h CG inje ct ion , cu lture d an d

in s em in at e d w ith fin al c on c e ntrat ion of 1 x 10 6 s perm/ ㎖ . P N zy g ot e w a s

det e rm in e d 16 - 18 h af t er in s e m in ation f or th e pre s en c e an d num b er of

pronu c le i , an d poly s pe rm ic zy g ot e s e x h ib it in g m ore th an t w o pronu cle i

(m ult i - P N zy g ot e s ) w ere s eparat e d from n orm al f e rt iliz e d o o cy t e s t o b e

ut iliz e d f or th e s tu dy . A l s o , t h e m ult i - P N zy g ot e s w ere div ide d int o th e

t hre e - P N (3P N ) zy g ot e s or m ore th an 3P N zy g ot e s (≥ 4P N ) .

2 . U lt ra - rapid f re e z in g

T h e pro c e dure u s e d t o fre e z e th e m ult i - P N zy g ot e s w a s th e s am e a s

de s c rib e d in pre v iou s s t u dy (K im e t a l. , 1998 a ,b ) . T hi s ex pe rim e nt h a s

t w o s pe c if ic f ac t ors . F irs t ly , e le c tron m icro s c ope g rids (E M g rid s , P e lc o

in t ern ation al ) w ere u s e d a s a phy s ic al s upport t o a ch ie v e v ery h ig h

c o olin g rat e s w h e n it w a s plun g e d int o liqu id n itro g en (LN 2 ) . S e c on dly , a s

f re e z in g s olu t ion , E F S 30 w hic h c ont ain in g of 30 % et hy le n e g ly c ol , 18 %

f ic oll , 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 . A m e an

n um b er of m ult i - P N zy g ot e s lo a de d on on e g rid w ere ab out 5 . F re e z in g

w a s un dert ak en at 22 - 24 h af t er in s em in ation . T h e t ot al t im e t h at e lap s e d

f rom th e im m e rs ion of m ult i - P N zy g ot e s t o cry oprot e c t ant s t o th e plun g e

of g rid lo ade d m ult i - P N zy g ot e s in t o LN 2 w a s ab out 30 s e c .



3 . T h aw in g an d in v i t ro c u lt ure

F or th e th a w in g , c ry oprot e ct ant s w ere re m ov e d by 3 - s t ep pro c e dure s

at 37℃ . T h e g rids w ere tran s f erre d a s s o on a s po s s ib le rapidly in t o 0 .5 M

s u cro s e (S ) dilu t e d in P B S . A n d th e n th e y w ere tran s f erre d int o 0 .25

M S - P B S an d 0 .125 M S - P B S . E ac h s t ep n e e ds f or 1 m in . A ft er 3 m in .,

re c ov ere d m ult i - P N zy g ot e s w ere w a s h e d an d c o - cu lt ure d in c um ulu s c e ll

m on olay e r drop adde d m - CR 1 m e dium (P ark e t a l. , 1996 ) s upplem ent e d

w it h 10 % F B S .

4 . E v alu at ion of f ro z e n - t h aw e d m ult i - P N zy g ot e

T o an aly s e t h e c ry oinjury a c c ordin g t o fre e z in g an d th a w in g of

m ult i - P N zy g ot e s , s urv iv al , c le av a g e an d bla s t o cy s t f orm ation w ere

e x am in e d (F ig . 1 ) . E m bry o s urv iv al w a s def in e d a s th e perc ent ag e s of

re c ov ere d em bry o s th at w ere m orph olo g ic ally in t ac t aft er th a w in g an d

s ub s e qu ent dilu t ion of t h e cry oprot e c t ant . E s pe c ially , pa s s a g e t hrou g h

s y n g am y t o th e f irs t c le av ag e w a s a s an in dic at or of de v e lopm e nt al

pot ential of f ro z e n - t h aw e d m ult i - P N zy g ot e s . F in al a s s e s s m ent of

dev e lopm ent al c apa cit y in t h i s s tu dy w a s det erm in e d w it h b la s t o c y s t

f orm ation at day 6 af t er IV F .

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

D iff eren c e in th e rat e s of s urv iv al an d de v elopm e nt am on g tre at m e nt

g roup w a s c om pare d u s in g t h e Chi - s qu are t e s t (p< 0 .05 ) .



RE S U LT S

T h e s urv iv al of th e hum an m ult i - P N zy g ot e s an d th e c orre s pon din g

dev elopm ent rat e s aft er u ltra - rapid f re e z in g u s in g E M g rid are s h o w n in

T able 1 . W h e n th e m ult i - P N zy g ot e s w ere u ltra rapidly fro z e n an d

t h aw e d , th e s urv iv al rat e s w ere all h ig h in t w o g roup s (3P N ; 8 1 .4 % an d

≥ 4P N ; 95 .8 %) . In P N num be r , c le av a g e rat e s b et w e en c on trol an d

f re e z in g g roup w ere n ot s ig n if ic antly diff eren t in e ac h g roup (3P N ; 8 1 .3 %

& 85 .4 % an d ≥ 4P N ; 90 .0 % & 95 .7 %) . In a ddit ion , w h e n th e in v it r o

dev elopm ent rat e s aft er thaw in g w ere ex am in e d on day 6 po s t in s em in ation ,

t ot al in v i t r o dev e lopm ent pot e ntial of m ult i - P N zy g ot e s af t e r u ltra - rapid

f re e z in g ( 15 .9 %) w a s in dic at e d s ig n if ic antly lo w er th an t h at of c ontrol

m ult i - P N zy g ot e s (4 0 .9 %) (p < 0 .05 ) . H o w e v er , th e de v e lopm e nt re s u lt of

f re e zing 3PN g roup (22 .0%) w a s n ot diff ere d t o th at of c ontrol 3PN g roup

(38 .5 %), alth ou g h f re e z in g ≥ 4P N g roup (4 .5 %) w a s s ig n if ic antly lo w er

t h an c ontrol ≥ 4P N g roup (44 .4 % ) (p < 0 .05 ) .

DIS CU S S ION

S in c e t h e f irs t report on a pre g n an cy f rom a f ro z e n - t h aw e d hum an

e m bry o (T roun s on an d M ohr , 198 3 ) an d th e f irs t re c orde d birt h af t er s u c h

a tran s f er (Zeilm ak e r e t a l. , 1984 ) , m any IV F g roup s h av e w ork e d out

t h e ir s t an dard s f or a cry opre s erv ation pro g ram . H o w e v er , th e re s u lt s

obt ain e d are s t ill c le ary w ors e th an w it h f re s h em bry o s or in c om pari s on

w it h oth er m am m alian s pe c ie s . In a ddit ion , th e re i s n o doubt t h at th e re i s

a m ark e d a dv an t a g e of u ltra - rapid fre e z in g w h en c om pare d t o

c onv en tion al s lo w f re e z in g m eth o d s in t erm s of c o s t an d tim e . H um an

e m bry o s h av e be en fro z e n ult rarapidly in m e dia c ont ain in g 2 .0 - 3 .0 M

D M S O an d 0 .24 - 0 .5M s u cro s e w it h h ig h rat e s of s urv iv al an d

dev elopm ent in v it r o (T roun s on e t a l. , 1988 ; T roun s on an d S j öb lom , 1988 ) .



M ore re c e ntly pre g n an cie s obt ain e d by ult ra - rapid fre e z in g w ere report e d

by T roun s on (199 0 ) , Gordt s e t a l. ( 1990 ) , B arg an d F eic htin g e r (199 0 ) ,

F e ic htin g e r e t a l. (199 1 ) an d L ai e t a l. (1996 ) . T h e s e re s u lt s c om m only

dem on s t rat e d t h at th e u ltra - rapid fre e z in g m e th o d s h ould in c re a s in g ly

b e c om e th e m et h o d of c h oic e f or hum an em bry o fre e z in g in IV F

pro g ram s . H o w e v er , in zy g ot e s , u ltra - rapid fre e z in g w a s n ot prov e d in

e ff ic ie nt m eth o d w h e n c om pare d t o s lo w f re e z in g m e th o d (A bb e e l e t a l. ,

1997 ) . In t h i s s tu dy , w e in tro du c e d a n e w an d v iab le u lt ra - rapid f re e z in g

m et h o d at hum an P N s t a g e e m bry o . H o w e v er , w e u s e d m ult i - P N zy g ot e s

pro du c e d in t h e re s u lt s of abn orm al f ert iliz at ion in hum an IV F a s an

alt e rn at iv e s of n orm al 2P N em bry o . P ro du c tion of m ult i - P N zy g ot e s i s n ot

un c om m on af t e r in v it r o f ert iliz at ion ; th e report e d in c ide n c e of poly ploidy

ran g e s from 1% t o 25 % in th e lit erat ure , w it h m o s t pro g ram s

e x perien c in g ab out 5 % (Ru dak e t a l. , 1984 ; V an der V e n e t a l. , 198 5 ;

M ich elm ann e t a l. , 1986 ; W ram s by e t a l. , 1987 ; D an de kar e t a l. , 19 90 ) .

W e s eparat e d t h e m ult i - P N zy g ot e s in t o th e 3P N zy g ot e s or m ore t h an

3P N zy g ot e s (≥ 4P N ) zy g ot e s t o c om pare th e in v it r o dev e lopm ent an d

c ry oinjury a c c ordin g t o P N n um b er of abn orm al zy g ot e s . In prev iou s

s tu dy u s in g a n e w ultra - rapid fre e z in g m eth o d (Kim e t a l. , 1998 a ,b ) , w e

c onf irm e d th e de v elopm e nt al c apa cit y of b ov in e o o cy t e s w a s m ain t ain e d

af t er t h aw in g . E s pe c ially , in m ature o o cy t e s , th e bla s t o cy s t f orm ation rat e

w a s in dic at e d s im ilary t o c ontrol dat a . A l s o , it h a s kn o w n th at th e

ob s erv ation of bov in e prot o c ol s c an be dire ct ly t ran s f e rre d f or hum an

s y s t e m (M en e z o an d Zoly , 19 97 ) .

In t h i s s tu dy , w e re c onf irm e d th e u s ab ility of a n e w ultra - rapid

f re e z in g m e th o d u s in g E M g rids w h e n it w a s applie d t o t h e hum an

m ult i - P N zy g ot e s . A s s h o w n in T able 1, af t e r u lt ra - rapid f re e z in g an d

t h aw in g , th e h ig h s urv iv al rat e (85 .5 %) an d cle av a g e rat e (88 .7 % ) w e re

obt ain e d , alth ou g h t ot al b la s t o c y s t f orm at ion (15 .9 % ) w a s s ig n if ic antly

lo w er t h an th at of c on trol (4 0 .9 % ) . H o w ev er , t h e de v e lopm e nt re s u lt s of



t w o t re atm ent g roup w ere n ot diff ere d in P N num b er . A lth ou g h th e

s pe c im e n s u s e d in t h i s ex perim ent w ere abn orm ally f ert iliz e d em bry o s an d

t h e num b ers are s t ill t o o s m all t o fu lly e v alu at e of th e m et h o d , th i s s tu dy

dem on s t rat e d th at th e n e w ultra - rapid fre e z in g m et h o d c an b e u s e d a s a

m et h o d of hum an P N zy g ot e s c ry opre s erv at ion .

T h e re f ore , th e s e re s u lt s dem on s t rat e t h at dev e lopm ent al c apac ity of

hum an m ult i - P N zy g ot e s c an b e m ain t ain e d by ultra - 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 .



S U M MA RY

T h e obj e c t iv e of th i s s tu dy w a s t o t e s t w h eth e r th e dev elopm ent al

c apa c ity of hum an m ult i - pronu cle ar (P N ) zy g ot e s af t e r u lt ra - rapid

f re e z in g u s in g E M g rid c an be m aint ain e d . F or th i s e x perim ent , m ult i - P N

zy g ot e s w hich pro du c e d in hum an IV F pro g ram w e re u s e d a s an

alt e rn at iv e s of n orm al 2P N zy g ot e s , an d t h ey w ere s e parat e d int o 3P N or

≥ 4P N zy g ot e s t o c om pare th e ir in v i t r o de v elopm e nt an d c ry oinjury

a c c ordin g t o P N num be r . A s f re e z in g s olu t ion , E F S 30 w hic h c on s i s t e d of

3 0 % et hy len e g ly c ol , 18 % fic oll , 0 .5M s u c ro s e an d 10 % F B S adde d D - P B S

w a s u s e d . T h e re s u lt obt ain e d in th i s ex pe rim en t w a s s um m ariz e d a s

f ollo w s ; W h en t h e m ult i - P N zy g ot e s w ere u ltrarapidly fro z en an d th a w e d ,

t h e h ig h m e an pe rc en t a g e s (8 5 .5 % ) w ere s urv iv e d . A l s o w h en th e

c le av ag e rat e s be t w e e n c ont rol an d f re e z in g g roup w e re c om pare d w ith

P N num b e r , th ere w e re n ot s ig n if ic ant ly diff erent in e a c h g roup (3P N ;

8 1 .3 % & 85 .4 % an d ≥ 4P N ; 90 .0 % & 95 .7 % ) . W h en th e in v it r o

dev elopm ent rat e s af t e r th a w in g w ere ex am in e d , fre e z in g 3P N g roup

(22 .0 %) w a s n ot diff ere d t o c on trol 3P N g roup (38 .5 % ), alt h ou g h t h e

dev elopm ent re s u lt of fre e z in g ≥ 4P N g roup (4 .5 % ) w a s s ig n if ic antly

lo w er th an th at of c ont rol ≥ 4P N g roup (44 .4 % ) (p< 0 .05 ) . T h e s e re s u lt s

dem on s t rat e th at dev e lopm ent al c apa cit y of hum an zy g ot e c an b e obt ain e d

by ultra - 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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T able 1. Cry opres erv ation of hum an multi - PN zy g otes by ultra- rapid freezing us ing EM

g rid

T re at .
N o . of

3 - or ≥ 4 - PN
Re pli .

N o . of
s urv iv e d

N o . of
c le av e d

(on d ay 2 )

N o . of b las toc y s t *

(on d ay 6 )

Cav it at ion ≥ ErB * * T otal

Control

3P N 16 2 13 (8 1 .3 ) 2 3 5 (38 .5 )a

≥ 4PN 10 2 9 (90 .0 ) 1 3 4 (44 .4 )a

T otal 26 4 22 (84 .6 ) 3 6 9 (40 .9 )c

F ree z in g

3P N 59 11 48 (8 1 .4 ) 4 1 (85 .4 ) 6 3 9 (22 .0 )a ,b

≥ 4PN 24 7 23 (95 .8 ) 22 (95 .7 ) 1 1 ( 4 .5 )b

T otal 83 18 7 1 (85 .5 ) 63 (88 .7 ) 6 4 10 (15 .9 ) d

* Blas tocy s t w as defined as blas toc oel c av ity form ation * * ErB ; Early blas tocy s t
a - b ,c - d M eans in the c olumn w ithout c omm on s upers cripts are s ig nific antly different

(p< 0 .05 )

F ig . 1 . I n v it r o dev elopm ent al m orph olo g y of hum an m ult i - P N zy g ot e s

af t e r f re e z in g an d th a w in g ultra rapidly . (A ) M ult i - P N zy g ot e s ju s t

b ef ore fre e z in g (B ) Cle av e d em bry o s at 24 h af t er t h aw in g . It s h o w e d

al s o un cle av e d m ult i - P N zy g ot e s . (C ) E arly or h at c h in g b la s t o cy s t

dev e lope d from m ult i - P N zy g ot e s at day 6 af t er th a w in g . x 200 .


