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Effects of FDA Treatment after Vitrified Freezing
on In Vitro Fertilization and Development of
Follicular Oocytes(Bovine, Porcine)

1. Survival of Mammal Follicular Oocytes
after Vitrification by FDA-test
J. K. Kim, B. C. Yang, M. S. Kang, G. R. Ko, H. J. Ko and D. J. Chang
Colleage of Agriculture, Cheju National Univ.

SUMMARY

This experiment was carried out to study the determination of survival of vitrified and
thawed mammal follicular oocytes by FDA-test. Qocytes were divided into 3 groups ac-
cording to attachment of cumulus cell. Group A oocytes were tightly surrounded by cumu-
lus cell, group B oocytes were partially surrounded by cumulus cell, and group C oocytes
were poorly surrounded by cumulus cell. Vitrification solution developed by our previous
study (Kim et al, 1992) which consisted of permeable agent (20 % glycerol + 10 % ethyl-
ene glycol) and nonpermeable agent (30 % Ficoll + 10 % sucrose). Qocytes (7~ 10) loaded
into 0.25 ml straw after 10 min equilibration were plunged into liquid nitrogen ( —196C) di-
rectly.

The FDA-score of vitrified and thawed group A oocytes was higher in rat (4.2) than in
rabbit (3.9), cow (3.8), mouse (3.4) and porcine (2.4}, however that of cumulus cell was
higher in rabbit (4.7) than in rat (4.1), cow (2.9), porcine (2.6) and mouse (1.4).

The FDA-score of vitrified and thawed group B oocytes were 3.1 (cow), 2.9 (rabbit), 2.9
(mouse), 2.6 (rat) and 2.5 (porcine), respectively. However that of cumulus cell was
higher in rabbit (3.7) than in porcine (2.6), rat (2.3), cow (1.7) and mouse (0.3). The
FDA-score of vitrified and thawed group C oocytes was higher in mouse (4.1) than in cow
(2.9), rabbit (2.6), rat (1.3) and porcine (1.1).

As shown in the above results, The survival rates of oocytes were higher in group A

than in group B and C except in mouse and cow. These results suggest that the survival of
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cumulus cell as well as follicular oocytes can be reliably judged by their fluorescence with

FDA-test.

(Key words: vitrification solution, oocyte, cumulus cell, FDA-test, mouse, rat, rabbit,

porcine, Cow)
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FDA-test® Rotman¥ Papermaster (1966)¢°l
ol ZREIRNA in vitro WA FE ] TS HIE
shzd Aoz A& FDAE JA= ks
KA Aot = Aol Rl EAlskes
Ak srff BEFSQ) esterasesb Wh3-Ete] AS B
gehelar shdth McGrth % (1975) sl il
FDAoﬂ F A M= B - AR Bl K
fom, o] AL AE Uyl kRFEKeE A
B s b}&'i%@r o] ok shgith $HA, Leibo
9} Mazur (1978a,b) = ##& ALl mouse T3 &9
H:7r Aol FDAE o]8-d 2w, Schilling %
(1979a)o- 9} &7] 45800 4] DAPI(4'- 6 diam-
idino phenylindole) ¢+ FDAE &%+ AF&3F Havt
glth ol@lx: FDA-testoll 2lsf zhgtaldal gal 4

g A el Hast dgSs 3 4 Avke F
wo] Wil ik L AeE
Aol o] gHold 7px g YoR v B2 ATE T
o] Zaffol & Ao g AlEFICh ulebA A HER
ol 4 199241 %= mouse 4 ¥l Ha L HkE o Hol
A 7b 2o kS (G20 E10) & o] &35t Xf-5
-2 porcine, cow, rabbit, mouse2} rate} SEAEHR
I PHEAMER L] ke ok miS kel A
4ol FDAtest9] ol & V154& AR $st
o AAlEksTh

o5
19 hdoRs o 7]

¥ X FE

1. BRF #RER

ICR mouse, &2 SFluIlS 7t REBES B&
3+ 1% 3050 LAROl, A A9 Ao Aew w4
ol A wadF 208 ool Wag sfHEt AP
2] ed 42(0.9% NaCl, penicillin GK :0.075g /1, strep-
tomycin sulfate:0.05g /1)7F o]y K23 (37
+27)0l &7 17 ool AddR gukste 4
ol FalstAh. 7t gps el JRfuel 4 18~26 gage

FabHo R PMOES $REESIA .M, PBS= 33



washing &+ & ®o}A I ES YA E e Ay
ol wja} th2# o] 3 grouplE B Fele] ¥4
B =
group A ; BREMRAEZE #aE = ol -2 A (tight
oocytes).

group B ; iR} $heray 0.2 F2kH Zl(par-

tial cocytes).

group C : BUAAR7F 2= %] 242 2 (poor
oocytes),
2. Rt - RinR

AR TE T (vitrification solution) ¢ &4 & Fic-

oll 30%, glycerol 20%, ethylene glycol 10%, su
+ PBSo.= olfolflom H#HiKS
1ml FA715 A2 4171 0.25 ml strawel] W¥x}& F
A&F7] #oll ma] PS(504), air bubble(204d),
PS(304), air bubble(20), 5019 #HiEH =02
EAsIAHFig. 1A).

PRREOR(7 ~107] /straw) & @E&&# dropell #H=A
1k P BEECRE I 7 ow vg Fug
strawd] o] ##Em ol mouth pxpetO L 27 straw
powder 2 #HEI3}31(Fig. 1B), £i8(26+1 ¢)olA
LN, container(~196¢)ol» 24 #@EE @A
o, ks PRS-l Al 1053 A4
stttk AA I Bok REH Wb 38T imkel
A 102 Tk TEWA ARESH 1%, IRT-R o
& Br#E7 A8 PSi(PBS+10% sucrose)oﬂ 5
4 Bot EEdbe] wHaed PBSH 3@ &3 ¥
FDA-test 2 A4 A} B3 &biu),

crose 10%

vitrification solution E3#3% dilution media

$§5EE straw powder plug air

RRRERE  colton plug cmbryos in VS

Fig. 1. Configuration of vitrification solution, di-

lution medium and air in 0.25 ml straw, just
before loading embryos (A) and after seal-
ing with straw powder (B).

3. FDA-test

1) FDAK 8h&

FDA &2 fluorescein diacetate(Sigma, Cat.
No. F-7378) 5mg /ml acetone2] stock solution
(Linda & Trounson., 1930) & 1:400,0002] v]&=2
PBS9} s Matolch mAE - AR OPIRERS EE
(26xC)oll A 2~35r 5<F FDA &0 =3k &
PBSE &7 {riizgrsEmsel UV, lightellA
HHE e stvh, SRBEMEES B460, G520 fil-
ter &} Mercury lamp7} i % ¥ reflected-light flu-

=

orescence microscope (Olympus) & AF&3it},

2) FDA score
FDA-scoret th&2 @& #ifeol olste] $lwE s}
s

P5: gnpugn &#7t sEghE
(53 :100% 477 )

P4: pufagrel 80%7F &3S oAt PSL*_‘;} e
#o) g5ekA § 38 Bacshe 4R

P3: 9iRERS] 60%7F 8 3s uE=
uh ggshAl o2 BReke A (

P2: Bijuspe] 40%7) 28 w= A
v} et Al &3-S EEehe A2H:

P1: gppugnel 20%7F 8 3-8 e 3, B P2R
gt Al 838 giwste R(13:20%)

Po: d#s Ad8 gEcehA 2v R0%:0%,
Negative)

2535 FDA-scoret= thf 2ol 2lste] FHHEENU

i3k Bk

Mean score = [(AX5)+(Bx4)+(Cx3)
+(Dx2)+(Ex1)]/N

A :No.of P5 B : No.of P4

C : No.of P3 D : No. of P2

E : No. of P1 N : Total of PO~P5

4. #REt AR
Bt ir-& FDA-scoreo] ¢l3 Minitab®] T-test
2 3T
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Mouse follicular cocytes®] afi% - RfFET 48
B adsol oElA] I A et T A&
T HEE FDAYIEH:2 A48 & v whek
AES7] $1ta], Rl A 34 ¢ v s
Gt e Z“‘Eﬂoﬂ w}zl 3 groupo.g H
919}11, =Ags) & FDA testi 430 g s

= Table 13} 7t}

Bﬂﬁﬂﬁﬂﬂ By #ES PR MART 98 f-of ol
w53
oyt o s AT A (Bcumulus cell partial ooc-
ytes), L83l SREMAE/E dloFstAl AERE A
(C:cumulus-poor oocytes) 2.2 [@r3til, A} B
oocytesol A Mg S o] e SEMANTS we &
438t FDA-score S il 8194 th. Table 191 4] ooc-
ytes®] # &L vitrification ¥ mouse oocytest=
Fepzlom =5 gaoldont A B, CollA &%
P3.4(68%), P2.9(58%), P4.1(82%) ¢} FDA-score
= veld o2 SRR RS = A 98 C ooc-
ytest= A oocyteset H &7 7F LA B oocytes
o Blal AEmel oty el ArH(P<0.05). ©]

c m

i
-

o

FJ\ ForE o
to

= A(A;cumulus cell tight oocytes)

S ik - AR BFEE oocyteso] ol Mg
GRrARRE SOl ol miaREel IBF AR RE, Ko
o] ok, Zrela mEEEA] WP E Q) BRI ok KRN
W (rehydration) & fHEW-S o2 fMigRl Folb
A kgro] EaEE KES BTN ME-S

W s Aoz Wzsy, webs Ask Be] oocytes
o Al Tl AR T Bk & RS T4yl
W e Exd A8 5 ds e BEE
= Whlttlngham(1977)f mousel] 4 1.5M DM-

SO = &9h wfE - ki3 A =82 cumulus cells

o] W2 A}k gliz 3(74.6 vs 66.8%)°1M HE
gl 2ol 7t gl Aog Haste] 2 A3t A
#3 zlo] 2 veEhAgieh 18] 3 Carrol -(1989)
o] 3 cumulus cellsE #| A gF mouse oocytesE

1L.5M-DMSO= &1 s - BfgS 69%7F 84
o8 7(4 }\]—O]CH];}_E_V_ Hllllb’}ﬁitlr,

vl 44 rat oocytes®| Bi% - AU UH MR S
wzk Abeof] uhE FDA-score £ Table 20 vpER
2t} A, B, C oocytesoll A 212} 84, 52, 26 %59] A
EEE Bl PiRMiEYE 2aEtA RAEel e
Wh(A) e 18 % 92 B, C oocytesiuh 58 4
2 ERATHP<0.01). 281 W EMin JA)
apel v =gk &S vehdl o] (Ag4/82, Bi52

Table 1. The survival rate of different kinds vitrified mouse follicular oocyte by FDA-test

No. of Oocytes No. of embryos evaluated Mean
Oocyte® oocytes & by FDA test (%) FDA
categories recovered (%) cumulus P5 P4 P3 P2 P1 PO score
Oocytes 39 0 0 3 2 15 3.4
A 59 (66) (0) (0 (5B) (3) (25) (68)
Cumulus 9 5 0 7 3 35 1.4°
(15) (8) () Q2) (5 (59) (28)
Qocytes 17 0 0 2 0 12 2.9°
B 31 (55) (0 (0 (6 (0) (39) (58)
Cumulus 0 0 0 3 2 26 0.3¢
(0 () (O ((10) (6) (84 (6)
C 19 Qocytes 15 0 0 1 0 3 4.12

(799 (0 (» (5 (0 (186) (82)

@ A oocytes tightly surrounded by cumulus cells
B: oocytes partially surrounded by cumulus cells

C: oocytes poorly surrounded by cumulus cell

abod Means with different superscripts are significantly different (*, ¢¢; P<0,05, #%, 24, *<, *4: P<0.01).
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Table 2. The survival rate of different kinds vitrified rat follicular oocyte by FDA-test

No. of Oocytes No. of embryos evaluated Mean

Qocyte® oocytes & by FDA test(%) FDA
categories recovered (%) cumulus PS P4 P3 P2 Pl PO score
QOocytes 25 2 2 0 0 4 4.2¢

A 33 (76) (6} (&) (00 (0O) (12) (84)
Cumulus 20 6 4 0 0 3 4.12

(61) (18) (12) 0 (0 (9 (82)

QOocytes 8 0 6 5 1 7 2.6

B 27 (30) (0 (220 (18) (4) (26) (52)
Cumulus 6 3 2 5 3 8 2.3

(22) (1) (7) (18) (11) (30) (46)

C 12 Oocytes 3 0 0 0 0 9 1.3°

(25) (@ (© (O (O (@5 (26)

#® Means with different superscripts are significantly different(P<0.01).

/46) o155 A& WIS W, F& Fd9E g ol &rbs g AAlstd FUek iy cumulus
 deelzt A2Ent. Antonio F(1988) 2 ki ell®] HikEA]l mousedl 4= oocytes Btk WV A=
rat oocytesE cumulus celle] ¥ &g Aefol wa} H] ratoll A U ajlel s M o= FIET
A FFE vro] DMSOR @ik - semst 2 Ho] Hastrhal AzbEch

cumulus cellZo] B AAFE YE{o 5—'%‘2} A VI3 BUIaYEel H Ak § g*“‘f%‘_
¥ arstel BoAS g AR AaE el Table 3% ¢t} o1& AA IIEMARIF X2 skA
(cumulus-tight : 70 %, cumulus-partial : 42 / #Zgloy gl A oocytesell A TR FH/H9] oocytes
cumulus-free : 17 %), o|& B3k v] A< rat ooc- (B, O)it}t H2& A& (P<0.05)& e (A
ytesol| A cumulus cell Z-& ik - mﬁlﬁ}@—r— &8 7 78 %, B:58 %, C:52 %) rats} f-AFSE ks ‘/‘rb}
A Al #Ao] glrta -t B A 2% mous- ek, 18] 31 rabbit oocytes ] E -2 Bk -

eoll A s B F 2 HEEW S rat o] HE (L mENA f#t% AEEo] mousert rat Rk oA = Hhy 9

Table 3. The survival rate of different kinds vitrified rabbit follicutar oocyte by FDA-test

No. of Qocytes No. of embryos evaluated Mean

Qocyte® oocytes & by FDA test(%) FDA
categories recovered{%) cumulus P5 P4 P3 P2 Pl PO score
Oocytes 19 4 10 5 1 0 3.9°

A 39 (49) (10) (26) (13) (3) (0) (78)
Cumulus 31 4 3 1 0 0 4.7

(79) (100 (8) (3) (0 (0 (94)

QOocytes 8 1 8 3 1 5 2.9°

B 26 (31) (4 31 12y 4 a9 (58)
Cumulus 6 7 5 3 4 1 3.2%

(23) (27) (190 (12) (15) (4) (64)

C 49 Qocytes 17 2 3 9 5 13 2.6°

(35) (1) (6) (18 (100 (27) (52)

a< Means with different superscripts are significantly different (P<(.05).
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Table 4. The survival rate of different kinds vitrified porcine follicular oocyte by FDA-test

No. of Oocytes No. of embryos evaluated Mean
Qocyte* oocytes & by FDA test(%) FDA
categories recovered (%) cumulus P5 P4 P3 P2 Pl PO score
A 89 oocyte 14 26 32 17 2.4°
(16) (29) (36) (19) (48)
cumulus 6 10 31 26 16 2.6
(7) (A1) (35 (290 (18) (52)
B 89 oocyte 7 5 28 30 18 1 2.5°
(8) (6) (32) (34) (200 (0) (50)
cumulus 7 10 30 31 11 2.7
(8) (11) (34) (35) (12) (54)
C 85 oocyte 2 8 75 1.1°
(2) (9) (88) (22)

a Means with different superscripts are significantly different(P<0.01).

38 cumulus cells®] ococytes B} Q&0 &9
T Aot o] A Bl Tl o Fof
Zpoll Al B = ¢l mucino) iﬁXH &) vitrification
solutiono] &z} W72l HAF381x) Faldd Ao
2 #gsv & vl B PR S A w3
2ol s WEAE Erslodol B Aoz Abm
# o}, Vincent (1989)
A 718} propanediol ¥ DMSOE %33t ebvbisifg

Soll 23l cumulus cell &

E FEOoRA A mmse] HmMLRES, FlF
FDA-testol] s zAtel AsE%E 23 Table 4
of 7t SREMHES] F2Hade)(group A, B, C)ol
e FAga3% £AHE FDA-score= Z+ZF P2.4
(48%), P2.5(50%) 1813 P1.1(22%) 2.2 M Bk
B 22HE kvl (group A 9F B) SRRl
diokel ppiagpct &0l =4 vEude RS
B4 AATHP>0.05). Didion %(1990)2 Pig

MY A} FEE - BUES in vivo O A] 39% 9] e oocytesoll A sRAF A1 7] 2] &2 31& oocytes ) cum-
AEEE 2ast ulus & BF S ety o1} 1.5M glycerol +
ERTE T A= Ax B e 2do) 3l 0.5M sucrose® programmable freezerZ o]-& 3k
Table 5. The survival rate of different kinds vitrified cow follicular oocyte by FDA-test
No. of Qocytes No. of embryos evaluated Mean
Qocyte® oocytes & by FDA test(%) FDA
categories recovered( cumulus P5 P4 P3 P2 P1 PO score
Oocytes 4 1 1 2 3.8
A 8 (50) (13) (13) (25) (76)
Cumulus 2 3 2 1 2.9
(25) (38) (25) (13) (58)
Qocytes 3 1 2 3.1°
B 6 (50) (17) (33) (62)
Cumulus 2 1 2 1 1.7°
(33) (17) (33) (17) (34)
C 17 Oocytes 6 5 6 3.0
(35) (29) (35) (60)

 Means with different superscripts are significantly different (P<0.05).
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e 54 - Fal 1% Bk el cocytests &
& glglom, SRmMi ol 50% #ifkel & U
BT #Ee A easte] A EE el S
B RS VERA =, ol BRESH T BRES
FHikel R Yelo] Sl Aoz B

9] RAH IO GRAL - AR EEHE B
e Table 59 7tk A, B, C oocytesoll 4] zhzt
76, 62, 60209 YEES VIR o] JiE AR e -2
Arej e Ar#gle]l =% vitrification® ¥3 3 A
Z2&8 HYcHP<0.05). o9 22 =82 FA
a7 A Fol A 8l ‘3} ol sl x| vk Ao g A
dE Adste] Waksh 448 TR ool &
9] oocytes o thed F4 - g3l H it oocytes2t
FDAE AAIAH £HHS 2AE Hie 3olE
9 Aot} Otai 5(1992)8 1] A< bovine
ococytesE #84kH sk A A propanedloli A - R
& & gl ARl 36~37.2% o, ol F
42.4%7} gpglel H9a, 1.1~31% *01 blastoc-
ystsZbA] st gl fok mrefal @ $(1993) ¢l
1.5M
DMSO, 1.5M propanediol & #E8 & - aifE st
7}7} 54.2, 63.3%9) WE2&3 74.4, 78.9%°2 A=
&5 B b S

ZREE UoA moused A Ydtals BIEM
fE7) Hake o] 9l oocytesi FEH o R 3y
A BRI Q13 oocytes MU ERIELEARL
o AES9 Jelll 3 rabbit oocytesel
AE mucinZz o 2 <18 ococytes7} %3] Bﬁ*ﬂ
A kol M Qe HEL HkE VERA &

Ewdo) bz BEQl cumulus cells?t #4958 sl
wWRIE o] wel WAy 18
wal A apolr) Wk, o] AL oocytes 2] Ak
- WERE B2 Foi 2 2ol YR 8 Nak-
agata(1989) ] W iish SAFSHRaL, ob 4 B4 e 2
e} By glAT L*X}Oﬂ NOIM I A Rpo} o]
ZE, WEEHE, £, 53] kol ot Zolvl A
£ Aos AH oz oo U Aol ol
olxor FH Aoz HzrEch

B Ao = FDA test ¥ f#4) 35S 4418}
A EkAINE, iHfE A 24 o) kT fsa g, el
R 7EA ek kel o] FDA-test

)

25 cocytes

e

- cumulus complexesE

77 T8 Fel

7} AEe sivh glvke Zle Zieivtd Hok AR
Hog YEEL Folid vodg oz AlEE
t}h FDA‘&*P Hg& ¢ W R Fo] WY LIt
che] Zalaok 3 Z& whabel Fold PRt
tightslA Eeiste] q& of o} BHJ’I%HJHEQPQ]
B B Tl WA RaskE Zlo] Fask,
Aol o] & ul= - ARESHR] 942 whrket BI‘J
RIS #6 dandate duEw 1 zols
£ &4 4 et Oocytes ] FDA-testo] tf 8F 4
of 2latw wiAdsr WA T g At AL
Shilling % (1979a)©] rabbit} cow2| HEgpg 51*%;2‘
Kool A ghehigiss % FDAS DAPIE &¢ ©) 43}
o] A9 oocytesol A& FDA- score/} oront, B
71¢] oocytesoll My= wATH 3192w, Antonio
%(1988) 2 DMSO& #K‘Tﬁﬁ% 7 - RRRRSE AR rat
o] oocytesoll A} BRI/l Bl 2w Aol 44
o] Fgtow, Kk oocytest= IPILANME 5 A =7t
B - AR AR SRR A FoTha B
shdch muiEiE REVLERITE 5 AS RS B,
ik aRsol B2 e BAMOE MEMIiETt
£,835817) W) Zoll (Cross & Brinster, 1970; Cross,
1973: Erickson & Sorensen, 1974) # H3gleA
H|E mouse BREIR (A1 ~22}F JRfaSR) ol A B0
fo] wekst rbell Al FDA score7} ko),
paph Rl R 8ol 28 HEE AV dsiMe
A32F vk o] Ao ' PREMNY) 2 ofof &
o g Mg

W, REHE mouse oocytes®] A - BEgECl o
3t @i -Foll 4 Whittingham % (1972) 2 #8218 R#
- Rl ugrg_o_i 4~13%°} B2 Y& Wit o]
o) FHALSE W o' —196 Col A T 65~76 %
9 *§+1; #Hie7k ddo, K mel 2ol vls)
8 fpaso] skt (Whittingham %, 1977).
OlE M Ey NFE BB - MR % BNV R
of 23} &t HEeI ot A WS ML &
+ pifgts FDA-testoll o13F A fpiE4lE O =2A )
FARAE ] KEag Al oF IR TR e BfR, el AT
ol &9} wighol LEE HIFES MIEHNA glol
2 #ES 5 ol figEe] dow, 53] ol #
3 EHS ASoR RESA] WFd doer g
LA wEo) Bokd Aow AlgdY ayBE
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1993 =7t & A Ho A mouse 577 FH(RE
Af) S ¢3bed sHakE vitrification solutiong o] &
gt Zf-g 5ol guiagne] HEE Rl A FDA-test &
PRiRIR e JREAEANel AWAME R ¢ e
th A & 527 e (morula, blastocysts) 2 Tk HREIIR 2}
BEEo] A E Holx

ution 7§ A o] & 23S #Rste] F9ic)
i ZE

A BB FUBLEA Y I H5E IRRspe
HFrE-S FDA-testol]l Q3 A& s+ 3sl7] 98t
of Ao, cocytest SRS -2 Abe)
o wa}t 3 group ¥H3HUth A oocytey= Ui 48 1
7} W akE o] 2 aE Zl(tight oocytes) o)™, B ooc-
vte: SPRMIZE oo r 2" #(partial
I Fr#E AR 7 w1 2kst A
SF2E A(poor oocytes)o|vh. HiFE{L BEEHS
199211 & S 23 Ao JiEtE Aoz A
glycerol 20 %, ethylene glycol 10 %, Ficoll 30%
9} sucrose 10% & A4 5] 2t} Oocyte(7~10)
= 1080 FFHAITHS Aapgt 3 0.25 ml strawol]
wol el A3 A A4 container( —196T)
o JAAA FHAE Ha A At

AL - BEEESE A 1 whAke] FDA-scoret= rat

yoll A rabbit(3.9) , cow(3.8), mouse(3.4) ¢}t
porcine(2.4) ¥.u} A0t cumulus cell@] 7%=
rabbit(4.7) ol A rat(4.1), cow(2.9), porcine(2.6)
% mouse(1.4) B} =okoh Ak - Mt B 11§
W2} 59 FDA-scorer 2+2}; 3.1(cow), 2.9(rab-
bit), 2.9(mouse), 2.6(rat) “12] 3l 2.5(porcine)o]
ot SRR cumulus cell @) 7 $-3= rabbit(3.7) ol
A1 porcine(2.6), rat(2.3), cow(1.7) and mouse (0.
NHRT AT K- MY C EH WAk
FDA-score = mouse(4.1) ol 4| cow(2.9), rabbit(2.
6), rat(1.3) =} porcine(1.1)oll 4 ®.c} Fhu},

L8] #Rel A moused Xﬂ g)akar dnkx o g
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