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ABSTRACT

This experiment was carried out to study the
determination of survival of vitrified and thawed mammal
follicular oocytes by FDA-test. Oocytes were divided into
3 groups according to attachment of cumulus cell. Group
A oocytes were tightly surrounded by cumulus 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 % ethylene glycol)
and nonpermeable agent (30 % Ficoll + 10 % sucrose).
Oocytes (7-10) loaded into 0.25 ml straw after 10 min
equilibration were plunged into liquid nitrogen (-196T)
directly.

The FDA-score of vitrified and thawed group A oocytes
was higher in rat (42) than in rabbit (39), cow(3.8),
mouse (34) and porcine(24), however that of cumulus
cell was higher in rabbit (47) than in rat (4.)
cow(2.9), porcine(2.6) and mouse (1.4).

The FDA-score of vitrified and thawed group B oocytes
were 3.1(cow), 29 (rabbit), 29 (mouse), 2.6 (rat) and
25porcine), respectively. However that of cumulus
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cell was higher in rabbit (3.7) than in porcine(26), rat
(2.3), cow(l.7) and mouse(0.3). The FDA-score of
vitrified and thawed group C oocytes was higher in
mouse (4.1) than in cow(29), rabbit(26), 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 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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Josiane ¥, 1992). 34 $HM ¥ PRI 4ZzuYL M4
A& AM, AdeY F A PRNAGE HAso2 4
3 4AFE B9y £ Qo ERBEL CO MYl y
5% CO, MET PP NE EEAN vh} o) BERN
¥ AR B PP M, mREMI} Ko ¥
o, g& mMol FESD, MTA B2 meddy
(Looney %, 1981; Shilling %,1982). & ¢4 Fof o8 o
Ao AL wAYel o By F 2 ol4e da2A 2
FAFNAY ALY £ g7 ol ALgo] AP BT 3l
o

FDA-test Rotman® Papermaster (1966)o} 28] %
MM in vitro MYHES] 4FNE MTHED Mo
2 AH$5%T. FDAE A2 HB/EHK2ZAM Aol e
HE REERT EA%E MAIME XS esterasess ¥
$3c] X & B Yoz HYch McGrth BUITH)L X
&Hiol FDASl BHAY HAEE & M¥E BXo mi
2o o712 ME R kAKROZ AP MM B
Mt BRo] sk #HAch BW, Leibost Mazur(1978a,b)
€ W& ME®R mousesHe] 4£%# UA FDAE ol
4820, Schilling ®(1979)& A% Ez SMEEAM
DAPI(4'- 6' diamidino phenylindole)st FDA® &Y Al¢
¢ 237} Aok oJYKFDA-testol oj#] JHAM HaA
Hoz2 2 AU ALY BAE ¢ 4 A FHE
7HAER M o] 7lgcl Bale] MK R A 2atoh o) 45
oA M €22 o B ATE ¥3o 2o} ¢ A
22 Aa¥d. dAM & FRAM 199295 mouse £3
@9 WML WE YYPANA 7MY F& FEKGD EI0)E
o] 83l XREEZ porcine, cow, rabbit, mouses} rate)
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SPMRSA= SEEMEMS] DEREYER St MM dRle 481
¥4l FDA-test®] ol 7154 & HEH 3ol
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ICR mouse, XE] SRS 2 HMFL ERY % 2
7 LR, 88 Aixs A9 A4E SARAN AR
2 ol daE Ao MANPS$09% NaCl,
penicillin GK:0.075g/], streptomycin sulfate:0.05¢/1)7} 5o
Ue BYE2TIN A 1AL ool APz evra
of dYel ZASHAST. 2 B FMAM 18-26 gageFA}
Po2 MmIiE KM sonl, PBS2 3% washing % ¥
2okl BAEE U3 o] dFMEY Rayele wa}
3 growp2 2 ¥Rt AN}

group A ; BEEEZE WmESHS HI¥F Atight
oocytes).

group B | SBEMEMR7E WHoMCZ XA A(partial
ooCytes).

group C ; SAE#M7E £3=A 42 Z(poor oocytes).
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MESRA B (Vitrification solution)®) ZXA4L Ficoll 30%,
glycerol 20%, ethylen glycol 1096, sucrose 10% + PBS2.
2 o]fo] oo MEKE Iml FAIE FFAY 05 ml
strawel  dAE  FU%H7] Mol olgd  PSGMI), air
bubble(20ul), PS(30ul), air bubble(20u), 50ul2] Wi e
2 EAS#AHFig 1A).

vitrification solution WM dilution media

JEBEB straw powder plug
RRARE  cotton plug

air
embryos in VS

Figure 1. Configuration of vitrification solution, dilution medium
and air in 0.25 ml] straw, just before loading embryos
(A) and after sealing with straw powder (B)



P2 RN

PMIE(7-107/straw) & MR droped AP % & W
402 i §7o0 nj EuP strawh] MREHA
mouth pipet&2 &7 straw powder2 ¥HI3ti(Fig 1B),
FE(26 11 T)NM LN; container(-196T)AAd A3 B&X
M Ao, BN FHEME 4N 1028 4N
A YAYBEYL BER dAE BT EARAM 1025
EEUM MRS & BTAS HEME KEH] A PS
#(PBS+10% sucrose)ol 57 ¥ EEete HM¥E PBSH
o 38 &3 ¥ FDA-test2 A #A}g

3. FDA-test

(1) FDAM &

FDA 44942 fluorescein diacetate(Sigma, CatNo.
F-7378) 5mg/ml acetone®] stock solution(Linda &
Trounson., 1980)& 1:400000¢] &2 PBSst HA4¥Act
WREMN PR TE(26:T)AM 2-328<¢ FDA 44
of AW ¥ PBS2 &A ABEXHMMS UVlighto
M S8E TS MEMMME B460, G520 filterst
Mercury lamp?t Mi#¥ reflected-light fluorescence
microscope(OLYMPUS)& AH4-8d}.

(2) FDA score
FDA-scoret T&3% 2 %Mol oj3to] MEAAL.
Ps: MR 27 SodXd A RHEAGY100%
&%)
P4: SPMEERS) 80%7F ¥F& wWAY PSEch 2487 BEA
9%& RMdc R4 H:80%)
P3: SRSl 60%7F ¥%& d& A, Et P4 HiA
93§ R UG H:60%)
P2 SmREEel 40%7 ¥%& we A, o P3RO HIA
Y4E RMEe A2 AH40%)
PL: BpMasEel 20%7F ¥%€ dt 2, Ex PG HEHA
Y38 BEdc A0 H:20%)
PO: Y48 A8 REsA g 20709 Negative)
35 FDA-scoret T8 Aol ojdte] HESHAD.
Mean score = [(AX5)+(BX4)+(Cx3)+(Dx2)+(Ex1)] / N
A No. of P5 B : No. of P4
C : No. of P3 D : No. of P2
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E : No. of P1 N : Total of PO ™ PS5

4 ¥t o

B 2472 FDA-scoreel i8] Minitabel T-test2 23
o.

I &% 9 E%

Mouse follicular cocytess] MEMME WA M3 %
mol oA g HaaNs YA £F KREL FDAA
ko2 BPY ¢ A& THES HEHNI] Ao, Ml
AM A4 tlgds dEGE GTFAXY FR4ed o
3 groupo2 EREHACH, FHEH ¥ FDA-test2 4%
ATY A% Table 13 Ak

BmiEs 5 XM MEMNZL TS F mxs
e H(Aicumulus cell tight oocytes)® #oMo2 WH
¥ 2A(Bicumulus cell partial oocytes), 123 FEEAM7t
weksiA 2ad 2 (Cicumulus-poor oocytes)S2 W78t
1, A%t B oocytesoh X M#FSo e HEARTE @2
E 289 FDA-score # MEScE Table 1444 oocytes
9] 47X vitrification ¥ mouse ococytest Y¥HJo2
2% Agellovd A B, CodMd #4% P34(68%),
P29(58%), P4.1(82%)38] FDA-score® YENZZ M Bif
M7t A A %€ C oocytesE A oocytesst W7}
UAAT B oocytesel visl WEMQ Aol yehAdc
(P<0.05). 1AL MR MW ABR3F oocytess] ol M
¥ BEAREA o3 MMM BT AN BE A5 B
X, 3R MEA HENS ki KBRK
(rehydration) & p#we =z M @EAA o} e K7
o] MEH XxAE HRIZZ A AR BRREY N2
Azsiol, B2ty Ag B oocytesoh M Fily B3
M RE BME 2% ud o 22 £4%E ¥ 4
A& Roz EHET Whittingham(1977) 2 mouse °fAl
15M-DMSO 2 &% MMM YE 4E82 cumulus cells
ol »ad A ¢l A(746 vs 668%)MM HEHA Aol
b gle Aoz Bude E A¥de #ARY Aol us
uielch. 22132 Carrol 5(1989)] A&®  cumulus cells&
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Table 1. The survival rate of different kinds vitrified mouse follicular
oocyte by FDA-test

No. of embryos evaluated
No.of Oocytes by FDA test(%) Mean

Oocyte‘ oocytes & FDA
categories recovered(%) Cumulus PS5 P4 P3 P2 Pl PO score

Oocytess 39 0 0 3 2 15 34%

A 59 ) © ©0 6 3 (B (69
Cumulus 9 5 0 7 3 K 33 1£

(15 ® © 12 65 (0 (28

Oocytes 17 0 0 2 0 12 2¢

B 3l ) 0 © © O (P (8)
Cumubis 0 0 0 3 2 % 03

© © © (10 6 (89 (6)

c 19 Oocytess 15 0 0 1 0 3 41
M O O©® 6 © U6 &

* A oocytes tightly surrounded by cumulus cells
B: oocytes partially surrounded by cumulus cells
C: oocytes poorly surrounded by cumulus cell
*4 Means with different superscripts are significantly different(*® ¥
P<0.05, *™ *% b= ¥4 peg o)),

Table 2. The survival rate of different kinds vitrified rat follicular oocyte

by FDA-test.
No. of embryos evaluated
No.of Oocytes by FDA test(%) Mean
Oocyte® oocytes & FDA

categories recovered(%) Cumulus PS5 P4 P3 P2 Pl PO score

Oocytes % 2 2 0 0 4 42

A 3 ) © ® O O 12 6
Cumulus 20 6 4 0 0 3 41

(61) (18) (12) (O © (9 8)

Oocytes 8 0 6 5 1 7 26°

B 44 (30) @ @AU8 @ 20 (R
Cumuus 6 3 2 5 3 8 23

(22) 1) () U8 (1) (30) (46)

C 12 Oocyts 3 0 0 0 0 9 13
) © © © © 7B (%)

* Means with different superscripts are significantly different(P<0.01).
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AAY mouse cocytes¥ 15M-DMSO2 €% MEMME
69%7t YeiH o2 Fyeolcy B1 A

0]4<% rat oocytese] MR MME Sin@me w4 4
elol & FDA-score & Table 21 Uetigidh A B, C
oocytesoll M Z+2 84,52, 26 % & A& R, EAR
7 AREHA 2slo e dxHA)e 21¥A ¥e B, C
oocytes®tt %€ 43§ JehHRUTHP<001). 22 Hik
Al A dAst ¥ee 244 Jehie] (AR,
B:52/46) °lE& A9 VY A& o, F2 AAE & &
o2l 42Ect. Antonio F(1988)& KBRM rat cocytes
& cumulus celle] ¥39 Yef} ue} 4 $H2 Uy
DMSOZ & BMEY A3 cumulus cellol Be ZAd4
2 AZgol ¥Atn Budd B 4YH FAY AHE
el 2l ch{cumulus-tight : 70 %, cumulus-partial : 42
9%, cumulus-free : 17 %). ol ¥ vjA4d% rat oocytesol
A cumulus cell®& MEENT JZ§3 AHPAHQY @)
Atk AT & 4HS2 mousedd HAE ¥ HER
€ rats] KL ERAME ol§ 7te4& AN 29
o 23y cumulus cell® XREA mousedd M oocytesk.
o UyRded ratlAd e 2 dAME goz2 K
BAdol ¥ositn Yzdd.

XE vl4< Mmoo HRL M F YZ &L Table
33t 2d. ol§ 4A FEEMZE XYA H2so e A
oocyteselM & FH9 oocytes(B, OB ¥& AE%
(P<0.05)& YERACI(A:TB %, B:58 %, C:52 %) rats} fAb
% 7%f JYehigld 3232 rabbit cocytes®] 2L W
EuRg YZ&°) mousett rat Bt HojAE A 93
2l cumulus cells®l cocytes Bth JEFo| Faurte 2ol
ot olAL £9Y FHAM TE 39 dAAM § & g
£ mucin®o] &A# vitrification solution®] w2} W57
584 R399 A2 wEHY & o B2 Fay M
& FAY 2o YFo] 2 WEAE F718cer ¥ R
22 Ag¥d Vincent(1989) 5ol 9&d cumulus celld
A3t Propanediol® DMSO® ¢ ¢UiR AdA
W& MEE in vivo $HNA 39%9 %2 4F&L 22
A,

XfEE 3 HAE A& ETe dAe FHo YE FRo
2A HA gEMRIFe] KM, 8HFE FDA-testo] o8

ZAE £RAEANE Table 49 2o HEamel 544
E(group A, B, O)ol & FH¥# ¥ ZALE FDA-scoret
2}z P2.4(48%), P25(50%) 1212 PL1(22%)C.2A SRR
7t 2d davl (group A S} B) SRE @7} Hoke 5B
MR 4Zgo] A dYeude A B & UAHP >
0.05). Didion ¥(1990)2 Pig oocytesl Al & A17]1A oh
¢ AL oocytes 9 cumuluse EF XL wEYo,
15M glycerol + 0.5M sucrose® programmable freezer®
o3¢ 818 52 #3 % ®EE YEMAE oocytest HY
sizlen PREMEIUC] 509 Mitkel ®XE JEiWdL &K
E8313 LRite & XM RRL AT RRT YEi
Aed, ole WK MREHEY ERA f0] Ae R
2 Bndd

A9l KK RIS MEMME £XAE 4L Table 5
st gt A, B, C oocytesol M 2} 76, 62, 60%2) & &%
detdlo]  SEMARY  FadHse  dugledl 2R
vitrification¥ ¥ ¥ P& 2RAHP<O®). ol @&
AEE2 FNGARET AFAM Y537 oAYAY g
2 AY% A4t 8¢ 43§ UEQ AHolt. 29
oocytes ol ¥ A §3] By oocytes} FDAR Q@
A EARE ZAY Bie doH 4 e 434
Otai §(1992)2 v|44% bovine oocytesd# WARBAA
propanediol2 MR MU WA Al 36 - 37.2% 9
o0, olF & 424%71 FEMol SUR L1 - 31%%ol
blastocysts7H A wesictn ¥coh a2n 2 F(1993)0
983 oocytes - cumulus complexes® 1.5M DMSO, 15M
propanediol 2 ML MM 2z} 542 633%9) HE&
2} 744, 789%9] 454& 2@ v U

EREEA UM moused MY nE FEMMst 25
o] %lE oocytest HEHo2 HAAY RMMI St
cocytesBCH HAMLMRSE ¥ HZ&E Yehhd =¥
rabbit oocytesel M= mucin$22 A ococytes?t £ 38
BASA ot XA e $£ #XE JehiA g1
E9d upbg 29U cumulus cells? #X& 2 dAE
o] gol wASHAL 122 &7 TF Fol wal 43 2
ol7} Btedl, oA oocytess] MR MME F& Foid
aA Ael7t Itk ¥ Nakagata(1989)el B} frAH3tgl
I, oy BA¢ F3s Bue YA dald gloME 3
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Table 3. The survival rate of different kinds vitrified rabbit follicular oocyte

by FDA-test.
No. of embryos evaluated
No.of Oocytes by FDA test(%) Mean
Oocyte® oocytes & FDA

categories recovered(%) Cumulus P5 P4 P3 P2 Pl PO score

Oocytes 19 4 10 5 1 0 39

A 39 (49 (10) 26) (13) (3) (©) ()
Cumulus 31 4 3 1 0 0 AT

(79 10 ® @G O (0 (94)

Oocytes 8 1 8 3 1 5 29

B 2% (3 @ BDU2 @ 19 (58
Cumuis 6 7 5 3 4 1 KV

() (20 (19 (12 (15 @ (64

C 49 Oocytes 17 2 3 9 5 13 26°
35 @ (6 18 (10 27) (52)

** Means with different superscripts are significantly different(P<0.06).

Table 4. The survival rate of different kinds vitrified porcine follicular oocyte

by FDA-test.
No. of embryos evaluated
No.of QOocytes by FDA test(%) Mean
Oocyte® oocytes & FDA

categories recovered(%) Cumulus P5 P4 P3 P2 P1 PO score

A 89 oocyte M4 2% 32 17 24
(16) (29) (36) (19) (48)

curmulus 6 10 31 2% 16 26

(I a1 (35) (29 (18) (52)

B 89 oocyte 7 5 28 3 18 1 25
(8) 6 (32) (34) () O (50

cumulus 7 10 0 31 1 27

(8 1) (34 B (12 (4)

C & oocyte 2 8 7 1*
2 9 @) (22)

® Means with different superscripts are  significantly different(P<0.01).
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e Aoz Alggn] oz oldf dig HYPo] o]Foje}
¥ ez Azdqg.

¥ A¥oMe FDA test ¥ i mRe A8 @3t
Avk EE M4 AS3 EAEM, 22 BRAA B
g3ted £AAH o] FDA-test7t HEo #H7} gcte
A€ 29800 g AMYoz2 Y &€ Eoled 7ld
¢ o2 AZ8Y. FDASAIRAYR € o £l 1YY
TR g8 4ol ¢ A date F4e SILER
tghtsA 214 g o daAs) SE@KEste] #% B
B 79 YA BEste Aol Pads, ojzo] g o
T WK MREA g2 dAs EARE &)X Rev s
o AnEd 1 Aol 4A ¥ 4 Uk Oocytesd
FDA-testel ¥ @& 8id 44 dXdo] @ o
F& giglen, Shilling ¥(1979a)°] rabbit®} cow2] HERE
XZHMMAN @kl FDASH DAPIE &g ol83d
49 oocytesdlAE FDA-score 7 Bouy, E79
oocytesIMe E%dan 3HAov, Antonio %(1988)2
DMSOZ ®BME MM KEM ratel oocytesel A Sk
ArEol 8ol e Aol 4Ho] Fhon, M oocytest

kY FDA Treatment Effect on Fertilization and Development of Qocytes
Table 5. The survival rate of different kinds vitrified cow follicular oocyte
by FDA-test
No. of embryos evaluated
No.of Oocytes by FDA test(%) Mean
Oocyte®  oocytes & FDA
categories recovered(%) Cumulus PS5 P4 P3 P2 Pl PO score
Oocytes 4 1 2 38
A 8 (500 (13) (13) () (76)
Cumulus 2 3 2 1 29"
() (38) (25) (13) (58)
Oocytes 3 2 ki
B 6 (50) (17) (33) 62)
Cumulus 2 1 2 1 17
(33) 11 @) U7 (34)
C 17 Oocytes 6 6 kig
(35) (29) (35) (60)
* Means with different superscripts are significantly different(P<0.05).
Aot gol E@, AMNE, £, %3 HEN el 2ols} MR K% A7t R MRS 75X EBE 4

Aty MEARAT MEE EAEME & Ui BEEY
B, WAEmo] 57 M Exmo2 MEAMt &
827l o EA(Cross & Brinsterl970; Cross. 1973;
Erickson & Sorensen, 1974) ¥ A %A ¥ & mouse SN
(A1-22 MEas)lN SFFralMol wekd dAoA
FDA score?t ®¥tou, WARMI K Bl $2 B2
F 471 HME A3} GEG ooz MEMKIT 23
slojol @ Aoz BMET

EY¥, RZM mouse oocytesd] Mis MMl U@ BES
olA Whittingham %(1972)2 81 W& M¥ Pyo=
4-13%9 # 4Z§ Hust o9 FOY YYoz -1%
T AAM RE®R 65-76 % o H4&EF #S57} Ad2d, x
xshel Aol uid diE R 4 HFEo| FkrhWhittingham
%, 1977). o HREKE AEE ARNE MW & AR
Mol o 4F# AFCIUY, X XML XKML MK B
Mtk FDA-testel @ £AMATEL2A FEAB WH
Aefsh BFAEFEAS WE, 22T oS MK LES
eSS RAZMAY Qo] 44 AL & Ac HEol
Ao, B3 o] @ KXW Moz HEHUY A
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o oz ¥ Bm XMWl ERY Aoz Algdd 2y
o2 19939574 & AF4ANA mouse FAHBRRE)E 4
3o ALE virification solutiond ol## ERE5Eo Ml
gR9) MRERANAM FDA-teste SHRESF} SREs@MEe) AJALE
B & Uoen dM2 3} morula, blastocysts)Eoh
ghRagRel AjEgo] oMz oz ol BE vitrification
solution 714o] Ba¥E BRste] FU

IV.W %

A XKW HMLE BEE EARFE PR 454
& FDA-tested o|¢ B3% F937] $i3te] dgsigion
Oocytest SRS %3 Jefo] w2} 3 group #7234
. A oocytet SEMR7E Paso ¥ Atight
oocytes)olt] B oocytet FEEMI} Bathos 29 A
(partial oocytes) 22l C oocytet SPEAEME7E ¥k}
22 Jpoor oocytes)olth. KEM{L MEEE 199249 &
ol o AP Agd Ae2M glycerol 0 %,
ethylene glycol, 10 %, Ficoll 30% & sucrose 10% 2 +
4ol Aok Oocyte(7-10)€ 10¥-2] HYAIZHE Ao ¥
025 ml strawel Wol Ageld Ay AMAL
container(-196T)ell AAAH AL A
MEMES A 2F YA9 FDA-scoret rat(4.2)elAM
rabbit(39) ,- cow(3.8), mouse(3.4)%} porcine(24)8.th =%t
AT cumulus celld ¥ rabbit(47)el M rau(4.l),
cow(2.9), porcine(2.6)% mouse(l.4)2th EUch MEMM Y
B 2& d&AE59 FDA-scoret &2 3.1(cow), 2.9(rabbit),
29%mouse), 2.6(rat) 2R 25(porcine)oltt. ATt
cumulus cell®] 7-%& rabbit(3.7)1 4 porcine(26). rat(2.3),
cow(1.7) and mouse(03)R2ch Edch HEMMY C 2§
d#2] FDA-scoret mouse(4.1)o1 A cow(29), rabbit(26),
rat(1.3)3 porcine(1.1)1 M B Etct.

Ee] BEANM mousels Asn ¥WRHoz2 FX
KB FREME X group A9 YA7F group B CollA
gan 4FRe] ERO8 FDA-testE HAUL o
oocytest= S & cumulus celllA T $3& Jello] B
Ao YZRYPARE 498 4+ Ae 7hsdE AANEY
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