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Effects of FDA-Test on the Survival and Conception Rate in
Vitrified Mouse Embryos
1. Effects of Addition Levels of FDA(Florescein Diacetate)
on Survival and Conception Rate in Vitrified Mouse Morulae
Kim, J. K, B. C. Yang, S. H. Moon, G. R. Ko, M. S. Kang and D. J. Jang
Collage of Agriculture, Cheju National University

SUMMARY

This study was carried out to test the effects of fluorescein diacetate(FDA 04 /ml, 0.54 /ml,
54 /ml, 10 /ml or 0 /ml, 54 /ml in PBS) treated before culture on the survival of vitrified
mouse morulae in vitrification solution(20% glycerol + 10% ethylene glycol + 30% ficoll + 10%

sucrose),

The results were summarized as follows:

1. The survival rate of the FDA-tested fresh mouse morulae after 24 hours culture was over

96%(P4.8) in the control or treatment groups with various levels of FDA, Because the rate

of mouse morulae which developed to hatched blastocysts was higer with the various levels

of FDA treatment (67%) than control(50%5), it was considered that toxicity of FDA did not

affect the survival of mouse morulae,

2. When mouse morulae were FDA-tested in FDA 0(control), 0.5, 5, and 104 /ml treatment
after vitrification, the development rate to expanded blastocyst were 66, 82, 64 and 76%,
and FDA scores were P4.2(84%), P4.7(94%), P4.2(84%) and P3.9(78%), respectively.

There were no significant differences between control and FDA treatments, but there were

significant difference between 0.5: /ml{(94%) and 104 /ml(78%) treatments(P<0.01).

3. The survival rates of cultured mouse morulae according to FDA-scores(P0 = non-fluor-

escence; P1~P5 = according to their fluorescence) after vitrification were P5;92%,

P4:67%, P3:42% and P2-P0;0%, respectively.

4. Implantation rates of morulae stage embryos cultured into early blastocysts and implanted
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into uterine hornes after vitrification were 14 and 11% embryos treated control(0 /ml)

and FDA 54 /ml and the normal fetus development was 2% embryos for both treatments.

Results of this present study indicated that toxicity of FDA does not affect not only the sur-

vival of fresh and vitrified mouse morulae but also the development rate and implantation of

fetus after transfer as well. The development rates of mouse morulae with the FDA score of P5,
P4 and P3 were 92, 67 and 42%, resepectively, it was considered that FDA-test was fit for the

judge of survival.
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FDA-test¥ Rotman ¥ Papermaster (1966)
ol Wbz SRS AFME WEstet HVE
AFREIQITE, 1 013 o] kS SAEI BRI
o] &3l #i#= bovine(Schilling & Dopke, 1978;
Schilling %, 1979ab, 1982; Frank %, 1986
Bielanski %, 1986), mouse(Leibo & Mazur,
1978a, b: Linda & Trounson, 1980: Schmidt %,
1985), rabbit{Schilling & Dopke, 1978: Schilling
s 1979a), pig oocyte(Didion %, 1990) %ol A )
lom, =ulols &L mouse ZAEPIOlA Kim %
(1988), Kang (1989 a, b), & 5(1991)°], =~
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PMSG 6 IU & =&kt 48 A2 & HCG 6 TU
Z FAste] gk A171 ICR mouse & B A9 #
HAFHSY 1112 48, ARTRE FEsod. v
o} vaginal plug”} #R2E 37 Bl s
HCG FAF 3 72~ 75850l Bl Firste] +=3 BB
HE fHsld mPBSE ¥E& #EHstd morula
stages EMkStA ). kst PBSE 3 #ikst #2
B o2 ERmS vk Eolste] ddd gratshch

2. ik - MR

HAE RS vitrification solution(ficoll 30%,
glycerol 20%, ethylene glycol 10%, sucrose 10%
+ PBS)-& #H[stcH Ko, 1991). #fgHES 1miF
A& AAAIZ] 0.25ml strawoll ]2l PBS(50.),
air bubble(2044), PBS(304), air bubble(20.d),
50 0] BASIHET O Z FASI Fr)skdtH(Fig. 1).

SHEIN (T~ 1070 /straw) & FHAEH dropol A%
# vy F0)F strawd] HEBROE &7 straw
powder® HENSI:, ZiB(26x1C)NA LN, con-
taineroll 27 #BEsE HAS (220C /sec) AlZon, F
AR A 204 1002 3Tt s 38T &
Kol A 102 FF EEUA] AfES 1%, 41415 PBSo
59 &<t BBt RS maEEE %Sk PBS
o 3 %7 % FDA-testZ HA3lth.

3. FDA-test

FDA#-S fluorescein diacetate(Sigma, Cat.
No. F-7378) 5mg/ml acetone2 stock solution
(Linda & Trounson,, 1980) .2 $ii&sle] 1 ARl

(1) 0.54 stock/ml PBS(standard), (2) 54
stock /ml  PBS(SX10{%),(3) 104 stock /ml
PBS(Sx20ff)2 ZH3HA L, (4) HEEE 04
stock /ml PBS(FDA-free PBS) = 3}%{t}.
FALBLR 2 fresh embryose 4EHEE 2+ £
BRLE S B|E(26+1C)0A F3] 1055 FDA
of FHAIFIEA iz REEREES] U V. lightTel
A RS plESIE T 109 % & REe] KIS
FDA-free PBSE &7 # 40 #tHe3td o, 12850
E<¢t paraffin oil FollA] pizsd) sr@mol 74 5%
CO, k&9 37C incubatoroi| A} #2313},
FDA-scorexw thg-7} -2 HKito] oj&ta] #ilEstS
o},
P-5: T 4#Ek 2887 REgrS a3l
#hshe 2 (5% :1100% HE17)

P-4: 54&e] s5EERE 80%7F #2& wAY
positive-5E.T}F 2487} 555HA ¥4 Wkt
= (44 :80%)

P-3: =3 &) sEERS 60%7F @3S de A, £
+ positive-42.0} 55514 F 3L #Edt= A
34 :60%)

P-2: 3o 5EEkS 40%7) 38 me R, E
£ positive-3E.t} 353814 FF-E BHEE= A

27 :40%)

P-1: A& 45RkF 20%7 E3& e A, &
= positive-28.th 55317 &3-S #Hsie A
(1% :20%)

P-0: ¥3& A3 gk g R(0¥:0%,

negative)

—_

—

M vitrification solution REEEH dilution media

£5228 straw powder plug

BRRRE cotton plug

air

BB embryos in VS

Fig. 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).
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£ty FDA-scorex= th- 4ol o3l &= A},

Mean score = [(AX5)+(Bx4)+(Cx3)+ 6. KRt 4R
(Dx2)+(Ex1)] / N Hitorir-& FDA-scored] ¢l8f Minitabe] T-test
2 3.
A : No. of P-5 B : No. of P4
C : No. of P-3 D : No. of P-2
]
E : No. of P-1 M &R A &L
N : Total of P-0~P-5

FDA iAol +8e 8ol nl2le fa ol
4. ZAIP R = mlolaly) SlslA] ik AR IR S AR A) e
#3M-S 20% FCS(Gibco, Cat, No. 201-6170) #&F mouse morulae®] FDA Bzl we ujo

£ #/he ¥ pH 7.2~7.4, osmolity 270~290 m  A¥H= Table 19 vtehdk ube} vk,
osmol /kge.2 A% Ham's F10 & 0.22.m 9 Mouse F&E& SHiH30.2 fiiistel PBS® flush-
membrane filter 2 33 § 5% CO,, 37 incu- ing¥ ¥r##3 mouse morulaew HEAo| FDA-test
bator ol 4] FiEEEAlA WL AA]atch AA =% P5(100% #%)E Jehlon, 2485
#23¢ % control(FDA-free)ollA 90%(18 /20) 7}
5 Z4ke) 1BHE expanded blastocysts ©AI7bA] w3l 1, o]u)

P8 RS 6~8 2 0] RSE M ICR mouse 39%(7 /18) 7} hatched blastocysts7t#] 5% #KEE

2, WEURFAS B mouse(7~10 M)s  F R

1:12 4&3te] vaginal plugZt S99 & o}3e 9 0.54 /ml(standard) A= 167§ ] morulae =5
A2l 192 st U2l 3ol #hEstH L, o] (16 /16) expanded blastocysts® Wgalgomn, o]
SHEINe) M) e B 1 FDA EME o} Sk % hatched blastocysts7t=] BEHRES Ebd 2
BE THale] 2447 % (early EE middle 50%6(8 /16) Atk 54 /ml(SX10)oM= Al 1418
blastocyst stage) 4l F&# ool FDA & ¢| morulaeZllA 93%(13 /14) 7} Bigatdow, 1
HOIT, Aol mEM PiT (5~7)2 217 Mkt % 46%/(6 /13) 7} hatched blastocysts &S vIEl
G} Rkl FEZS 140 #% BAMEASIA &AW T Wadtk 10 /ml(Sx20)NM = 1770¢] morulaeZ:
ol AR KIS ST 71%(12/17)7} 2485 s #% #ESIAT, hat-

Table 1. Effects of FDA concentration on the survival of fresh mouse morulae

No. (%) of embryos developed to Mean

Treatment? No. of Expanded Hatched FDA

(FDA /PBS) embryos blastocysts* blastocysts* score
Control 20 18(90) 7(39) 5.0
0.5/ /ml 16 16(100) 8(50) 5.0
5.4 /ml 14 13(93) 6(46) 5.0
1044 /ml 17 12(71) 6(50) 4.8

2 Control: FDA-free PBS
0.5zd /ml; Stock(FDA 5mg /ml acetone) 0.54 /ml PBS (standard)
54 /ml: Stock{FDA Smg /mi acetone) 54 /ml PBS (Sx10 times)
104 /ml; Stock(FDA 5mg /ml acetone) 10z /ml PBS (S X 20 times)
* Culture for 24hrs.
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ched blastocysts #kHEQ] Z& 50% 5T}, oju Z+ &
ROl A KR 24E5R 1% 2 E IRE FDA-test3 A3}
control, 0.5z /ml, 54 /miol| A =% P5.09] #k8ee
HALT 104 /mlel M= P4.8(96%) & JehA o}
BREE ARET AT 223 HEEE 248%R % hat-
ched Dblastocysts7}x 223 2L HEE
(FDA-free PBS)o|*Ect FDARER A 47t =
& HE YERASITE B2 R et o
mouse morulaer= FDABE S Linda & Trounson
(1980)°] 3.3k 1% (1:400,000~800,000) &) 104%
(54 /ml), £= 201ﬁ(10#1 /ml) 742 A o]E 9]
gl v S viX A U

ol# 3t %%% %ﬁ'ﬁﬁét& embryosE FDA &= U

V. lightoll 2 & 10 vitro, in vivo BEF Ol 8e 3

7] ¢+t Linda & Trounson(1980) &) #iied —
3, FDA-test: @mpgmEel o] vsst 2=
(Bielanski %, 1986) &= 23] EEE7}F o 234
b= Schilling %(1976) & Bug —x Aok

Libol midks a2 she) mumiflh S0 R
embryosol|lA] & whH o2 FDA #ER] EE 1% 48
B B2t sER S R Table 29 2o},

#EE (FDA-free PBS), 0.54 stock /ml PBS
(standard #EF), 54 stock /ml PBS(Sx10) 1]
31 104 stock /ml PBS(S x20) 2 I 1% #Z3gsle]
24880l late morulae-blastocysts@ 543 Jigo)
%% 94%(30/32), 100%(22/22), 96%(27 /28),

97%(28 /29) 01031, 488%R 3Z# 1% expanded blas-

tocysts7tA] W3 gEES &% 21(70%), 18
(82%), 18(67%), 22(79%)°]#, oluje] FDA-

scorex &% P4.2, P47, P4.2, P3.92 A #mES}
& EEEYSE FoArE iU HP>0.01), FDA
BFEEZS 0.54 /mle} o] W] 200 (104 /ml)
o= w2 fFAAE Yt (P<0.01).

webd FDARR BE+E FDA stock 54 /ml
PBS(Sx10) 7kA= &7t ¢lvkar & 4 9lem FDA
BT #£15S k37 A7 EiR(26C)
A 0.54 /ml7} 555 LA ko] BEE TR O, 5 /ml
PBS= 147 LIA) FDA-score® 4348 7158 B0k
s JEich

X BEES 4#3] 10404 FDA & UV, light Tl &
HAIZ o= 2 FDA-scoreE 'wWhe] whigdhed sk, s
% F= #HEol o] &3l TUES in vitro #B1E B

& Zol= Aol LEsIch Bridc)

@ﬁiﬁ%@ ire] BWEEILS Table 13 H&AS u
FDARF = Adaglo] st R 24b5RH siaend
90%/(control) Ll o] expanded blastocysts® g
(control: 90%)3tH o}, #HkkRefE I (Table 2)o
ME 48mpRA7EA) fEEESE 4 W24 o9} H|g BE
AR%E (control:94%) & HR]l AL 743 #HEY +
Ak, BAZMA & RS Bk Mg JiFolA FDA
Ziemel 1015 71HR19] e £V} gl AoE Sl
s9len, o8] g Ko Bielanski % (1986)©] bov-
ine embryos®] FDA-teste} 230l A HHRES A2
2o B (33 vs 20) & B A —HE, HE-m
fi% cattle embryosollA] FDA2} DAPIE Algs) 4
T PIESR HES AL BE &l sidde
Shilling %(1982) o] #&9te —F 3},

Table 3& 345 -Aif# mouse morulaee] FDA %

Table 2. Effects of FDA concentration on the survival of vitrified mouse morulae

No. of No. of No. (%) of embryos developed to Mean

Treatment embryos embryos Late morulae Expanded FDA
(FDA /PBS) frozen recovered(%) -blastocyst* blastocyst™ score
Control 41 32(78) 30(94) 21(66) 4,2%
0.54 /ml 26 22(85) 22(100) 18(82) 4.7%
5¢d /ml 31 28(90) 27(96) 18(64) 4,2%
1044 /ml 33 29(88) 28(97) 22(76) 3.9

* Culture for 24hrs.
* Culture for 48hrs.

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



Table 3. The development rate of mouse morulae cultured according to FDA-score after vitrifi-

cation
No. of No. embryos of developed to  No. (%) of total No. (%) of
FDA embryos Late morula* Expanded* survived degenerated
score recovered - early blast. blastocysts embryos embryos
P5 72 29 37 66(92) 6( 8)
P4 30 18 2 20(67) 10( 33)
P3 12 5 0 5(42) 7( 58)
P2 6 0 0 0(0) 6(100)
P1 7 0 0 0(0) 7(100)
PO 7 0 0 0(0) 7(100)

* Culture for 48hrs.

BAN(P5~P0) 48850 #53 1% 3EY £HES A%
gk Rojr},

WA AR FDA-testellA] P5(100% #4)& |}
B 7289 mouse morulael F-10004 48wsR £
#7#% late morulae®} expanded blastocysts 71X
92%(66 /72) 2 ol RiFstew, Bik" Aol
8% (6 /72)oltt, 18]al P4(80% A&)NAe 67%
(20/30)7} late morulaeolA] expanded blastoc-
ysts7hA] BiEiREES B ow, P3(60% #%78) oA
= 1218% 318 (35%) 1to] late morulae 74A] 523
o o o) wastA] Btk P2olA 6fEe] g1
Fe A iEslA ¥T BEEL = B UKEE
yebden, P1(20% %7)3 P0(0% #£4F)dA=
48R5RA SRR 1% WS BHES JERNR Ut 28
22 P3 PTolAME 488%H 5% #% blastocy-
sts7hx| 9] BiES A S JElLR] ekt

°]712 Schilling %(1979 a, b)o] 258 FDA-
scoreE 4 HHo =2 5%Esld brilliant 85%, week
20%, partly 16%, negative 0%= &S Bl A8
B E2 gaEoIlo Y & HFRAEE Ve
f5E YeEpdoH, i Mg 4% ol HES 7
= #6713 FDA %ol= &2 fH81(0.96) ) Ut
= HEel —#%39H(Leibo & Mazur, 1978a,b).

Morulae stage®| mouse £A5IS HEE 52 &
a3+ 1% FDA EEE e} #EFE (control) & [&43F
o] f4HE Sl #2= Table 49 Vepdl vhe} 2o},

BE#E 5283 mouse morulae= FDA(S x10)
mE, e &Y E 314 git(control) Ham's F-1090
24K5R8 <k #3414 late morulaedllA] middle blas-
tocysts2 st S B4R 38 m—FE 208
mouse THA FHOZ MEsINcl olul Al ¥
W&, H-S FDARHRES 3lod [[— @l + X2

Table 4. Effect of FDA-test and non FDA-test on the implantation rate of cultured(24hrs) mouse

morulae after vitrification

No. of  No. (%) of embryos No. (%) of
embryos transferred after Pregnants Resorption Normal
Treatment* recovered 24h culture /Recipients sites fetuses
Control 71 56(79) 3/11 8(14) 1(2)
FDA 70 57(81) 3/1 6(11) 1(2)

* Control; FDA-free PBS,
FDA: FDA stock 54 /ml PBS (Sx10 times)



& Biastor, M ML 148 A FEFRE
sl BEBE JuE mZSINT @ 119129 rec-
ipientsel]l Non FDA; 56 embryos, FDA; 57 em-
bryos& ##Este 3/11(27.3%) w17} EREIS.
o, #FE% BEET Qe BBSE control:14%(8),
FDA;11%(6) o0, EH BRZ #HEsty s
AL #& 22(1), 2%(1) 0|t o] &2 FDAKRRE
o mgEmEr 2719 MUK el 2RV gllch
Ferlifh Ao (AT 2 A3 i KBS st
2 8 Hlrry, 123 A F o2 ool BiES 3
o ol gt HrEny ER o] MBI A o= #mech

Linda & Trounson (1980)& mouse embryoss
FDA &3 1% #fsle] 45%7}, EEEE A 4929
IEERESIE #EERE 0T o)F ol HEEE A
3 skl z#]ar Schilling % (1976b) 2 FDA-
treatoll A EFE U] o] BEHAL FH £33 e}
A eksktlkn #4sst v A (FDA-treat:22 /35,
control ;16 /35).

FEMO2 FDAE o 83 45BES L5 BER
B i e 2 B oo BE Y Rl #ERel E
AAES & = UAo), A= @] FDA A2
E7F AUSE & F ATh

N =

A& EE-S vitrification solution(20% glycerol +
10% ethylene glycol + 30% ficoll + 10% su-
crose) &2 BEH H&S mouse morulaeE FDA
7w k#&Z1(FDA 0d /ml, 0.54 /ml, 544 /ml, 10
1/ml in PBS) 2 #3E#)%E # CO; incubatoroll A #%
#, =T recipientsol] #4#slGE o £HFE 9 FEK
of mIAE WS A A EisIEon E
H #E e U2 gL

1. FDA p#it% 24p5R B9 5533 ool 8%

A= FDA #mhwoki#gel Aol 96%(P4.8)
ol £FFE UYERNNLH, o] F HWRENA
50%, FDA BEEEA 67% LlEko] hatched
blastocystsZ #iEste] $MERTH #iEREC]
F2 Ao veh) FDA &IV} Figesnel wg
oA M8 F7} Qe Ao=E Ve

2. Mouse morulaeE HEE ##E % FDA BE

O(HMIE), 0.5, 5 104 /mio]* FDA-tests}
3%l & u expanded blastocysts7tR] %%
3 AL K%, 66, 82, 64, 76% o]tk o] W
FDA-scorex= %% P4.2(84%), P4.7(94%),
P4.2(84%), P3.9(78%) 2 #ES FDA &
BEMANAM e FEE7F gloloy, 054 /ml &
HEo 10d /ml EEAME HEE AATH
(P<0.01).
3. FDA-score3lI (PO, P1, P2, P3, P4, P5)& 4
HEte] EERLR AAEIRS 48mERT B9t K
% BWERES &% P5:92%, P4:67%,
P3;42%% #EsA o, P2 UTdME 25
SRALECT
4. FH#E RIS mouse morulaed 248%f0 S<F 12
%3 % H$RE(FDA 04 /ml) 8t FDA EHEE
(54 /ml)oll X %% 56, 57M82) early blastocy-
stsE #ifsled 140 # BKAES HRES FDA
EEEAAM £4& 14%(8), 11%(6) °18lz, o]
T IERM BiES B AL T EEoAM &%
2%(1) °1th
LiEe] #RoAAM & 4 Ql%o] FDA-testx (0.54
1/ml) e} 10 wi7kx ojuldk )7} silew Hgspst
BEEORS] AT fiEel EV gle AoE Yshde
), Lo MRS AARAT KR BHE i8S
XA ke fElsl s FDA-testollA
P5:92%, P4:67%, P3;42%7} $23% % 4 H&ES B
PogA AT ErpslEel A UL wRs F
At
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