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I FL ENIIE D S RAF IS, FEEDRR M FEDBALE I DR F A fEE L. KHE DO HH
R B RODEISOETTH D130 0D TR HBEOERITHIL T 2 B R
PEATREOMERFIC b EEIN TS, /o, B POERBERIZE W TS AEREET B 7
5 LDIEEH N & LT, TOEREWMEHIN TS

FL B D B A RAFOWEFEI . Smith (1952, 1953) 23, K511k U T IREERIR 03
pExntcy ) Ea—)b (Polgeetal, 1949) Z T Y FIREBHABRO 72 HIZRIEL
&9 & UEBRITR E 508, € OF204:H] . KEEUHFEOERIIR o 72, Lol |
Whittingham et al. (1972) & Wilmut (1972)i3 £ VML LT, 7Y — )b &5 R oA
LT DX FIVZIVT +F 2 FERBRENE & UTHOT, BREBRASEE T K > THAIR
17 Uro< 7 ZIR SRR &m0 2R 2 &2 S Uic, Z ORklh 2 2. iiFlE)
WD SR AF 123 B TR A ITTE R Uy DI KBV NEN) D IN-F- I D G R AT
ISR X N5y M R, 19785 RIS, 1973; Mg &5, 1974a, b; Whittingham, 1975;
74 & Bank & Maurer, 1974; Whittingham & Adams, 1976; Tsunoda & Sugie, 1977),

R%Tld. by U (Willadsen et al., 1974; Schwier et al., 1990)% X ¥ ¥ (Bilton & Moor,
1976a)DAth, HEIZ7 I TIE, Wilmut & Rowson (1973)i8 & 5 dc 4] DRRENPID i A LA 5 |
TR IZRGHEAL 21 5 & U7 B BBl P D e & 1S A LHEIPEZAT 5
7 ¥ R DR D L AERE D T2 6D D ks SRAFEN SRR R D ZE e Bl D—> & UTE
9% B DVTE F& 124 H A 72 (Bilton & Moor, 1976b; Willadsen et al., 1976; Leibo & Mazur, 1978;
Trounson ct al., 1978; Willadsen, 1980; Niemann ct al., 1982; Renard ct al., 1982; Leibo, 1983,
1984, 1986a, b, 1988; Renard & Heyman, 1983; Chupin ct al., 1984; Massip & Van Der Zwalmen,
1984; Suzuki et al., 1990; Niemann, 1991), & O#5 %, BAETIE. MO BAERIELIN &, W50
MDA ST RHEEMIIBOTHILS Ao 2 EELENEL 570, TD2H, 7 VRO
RASERAEIS T Bl & LT X 6120 @ DRE UIc Bk IRIF R DI fFTE SR S 1

BT BT R b BB WIERNENE LB ORFRHPH S X) IZD 0T HURAUK
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HOoNDEIITTE 57, U L. BRIEHEICIEEMAAmHREENLETH 52 &, WHZ
RIffZ2%d 5 & kG ORI — & KRl k72 Uk 9~ O TRl Eese P D mo ik
G D DK BIN - TRFHTE RN & FEOYEE TRl ik & O BETR &1
WRISEORITERAE D BT LENSH O . BRI NEET BH I LR EDRFHHEE
Lo Thb,

ZAUTRF Uy Luyet (19372 K DB I NI T ZMLRIFEZ. MEANAN DK & S K78
WHNZ KO 77T 2L B THKREHRRIE TRAET 5 H1ET, Al AL & 2 gy &
IR A GHIT B HMISIAEANC LS EFZ oz, €O ESHS
N7 - 72 (Luyet, 1966; Rapatz et al., 1966; Fahy et al., 1984; Fahy, 1988), L) L. &iLED
S ORI E 2 A 2 EIC &0 | M (Grout & Henshaw, 1978) ELHL i fiel (James,
1980)IZ BN T DA T ZMERAFD I He = . Rall & Fahy (1985)i3< ™7 X 8 #ii ltlfiie D7 =
ZACARAEIT ) Uy WFLBIRD 7 5 ZILRAED al et A2 R Uiz, T OMIhERIZ, Fkx
REYIDORIZE WTH 7 ZMURFDO T 7o — FOEERISIERIL Uiz, X0 Bk 7
Z 2L A DT D <7 ZIWD 77 5 2L AFE D kD4 2 Sheffen et al. (1986)12 X » THd &
NIZDAIZLH EL T, EB/NFYTIHE <7 Z(GFFS, 1986; ] By & H, 1987, AR5,
1987; Kasai ct al., 1990). 5 + k(Kono et al., 1988; Ischenko et al., 1992; Nakamichi et al.,
1993). 7 #H & (Kobayashi et al., 1990; Smorag et al.; 1989, Smorag & Gadja, 1991; Kasai et al.,
1992; Papis et al., 1993), F /-, X% Tl kY V(Schwier et al., 1990), 7 % (Yoshino et al.,
1993; Kobayashi et al., 1994; Dobrinsky & Johnson, 1994)|2 45Ty H T ZAUARALE D B HilH3
el Bl

P70 BUNT (I Massip et al. (1986)%, Sheffen et al. (1986)D< ™7 ZTD f5 k4 LT,
HARDY S AL U 7o B IS RIRIC B W T T R R O A2 1572, L Ly — kISR
BAO O 5 B IRl AE Al o 3. IMRIBD 77 5 ZALARAED W HE = D3 &

A17-(Massip et al., 1986; %4 &, 1990; Van Der Zwalmen et al., 1989), #F 7z 74, AV 2517

MDA E S 72> Ty T ORAMMMEN S EOAIL S REEMIIL T HEHRLTE
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ANSZREHERIR IZ B U T, WEREH T ZIERTFICBE S A PHEH &S 1378 < . T OFPRIEKR
ATHDo 61T, 7 2 ORISR DER AR D721 1E . BB C i R A7
DRI THRDTRERS HTE DR M ETH 5 o FARHEEIETIE T TIC, U AL .
WERBT, HBWMER N O —NTHRG. ZIEY B HS  EHERATE 5 5 U E R
N SN TS (Leibo 1983; Renard & Heymann, 1983; Massip & Van Der Zwalmen
1984; Voelkel & Hu, 1992a, b), LA U, H 5 ZAUEAE LTz 7 & ORISR H13K 6T O Bt
DAL XN TUVEN . 5 ZLAAE TR B AN IO SRR E % I B 729

RIS . TG DORRICH T 2B A EZ 5 & X SIS Bk i s R A R

B4 5 ZMURENTRN TH 5 LI NG, 7 TAPIE TIE. RIS R OIR A U,
WAL D ' 5 Z AL D FA S E 36 K ONH 5 ZAUARAERENC 3513 B RO M s a1

WTHIA 7D, 9. oLy a— i E7 ) o= S RILBREDOKRE

AiFotoe IRIT, MilEEEEOBENI:ZF L 7)) 3—IVERANT, K OFEHWLT Y
DRI SZKE RN D 7T 5 ZALARAE DT 2 ik A 72
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Rall & Fahy (1985)id~ 7 Z 8 fila Il % . WHFELEMIM TR U TH Z ZIERLFEITIK
Ulz, £ D%, Sheffen etal. (1986)I3ALDHIHi/L A Z (LK. XL, 25%D 7 &
D—)L&25% DR ELY V7Y a—)LERMUICHT S ZEE RO I XIMURELIC<
7 ZMRIZ BN TH R O OB REH & Ui, Valdesetal. (1990) 37 o —J)L &7
ELV 7)) a—)VTH T 2L UTc< ™ AWMl a4 sits dE FEmEe 2 O T @iz U, filiaiy
WA HIZIOK SDMEER T, BRIKH T AL TnBE I A MER LI, £ LTI DHHK
DB T ZD. =7 ARDREFEH D@ W EFHOHE PO —D2TH S EE LI, L
L. [AEEOHLED A S5 ZALHAE I 6] U AAT - 7277 VA Tl Al S h
TUNVE L (Massip etal., 1986; 41 &, 1990), Van Der Zwalmen et al. (1989){% 7' 1) & 1 — )L &
TaELV 7Y a=I)LERMUILA S 26K 2 A0 RO Z RO i &% 12117
I EILK > TH T R LTI D A A7 2 /R LTy, mWVERR TR o s -
foo Flo, UV ORISR HERICAIETIX. 775 RILERAFIT DU THRET U 7o i 1378 < .
ZORHIIRANTH S, TZTEHRETHR, 7V o—vEFo L 7Y a—-IVDOREE
K% N 5 AR % b ST RASZRIRD AT 5 AL D Pl g ik KU Z X
EARAFBFR I3 U B DA PRI DI THIA 2 EAHMNE LT F OHHEIZDNT
MRt &2 mA 7o,
IR D 7] 7 2t LA 7 AL DR
2. 1T 2R~ DOYEBE DI D AAE I T KT
3 .77 7 ZALLRAF 1 DM D A7 DB
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1. 7 DRSNS AL D 1 H

D E S, Tl & F il (1992) 125 - TIT - 72
1) JHIEIH-F- DR e
JERE XN BERREMEY & OINEA PR 1k Uy JHERECE i o/l (FEAE2~5mm)
£ D 19G ISk U7 SmUEGH A1 & O R 2 W5 [ERILU 720 I3t
(5% 7 3+ -1l : Fetal Bovine Serum, FBSIF JIITCM-199) T 3 [0l Opkife . [WE AT
20~2115H], 2% CO,, 98% air | 38.5°C. Wi faRIDFM: FTlAEAEZT - 7o BEAET
Il 2 1004 D A JRZRIN-1-% K48 U 72,
2) K5 ALE
37 CHYT 4 — 5 —/NZAHPTREFEREY & O MFEHG R 2 ffE%. 10mMA 7 214 (717 =
A R/ T A b, Sigma, USA)E LU0 g g/mino Sy (AR o, WRBED 278
L7z B O(Brackett & Oliphant, 1973)# T7Z: 8 L. 700 xg. 5 4D mla s> A 2 [lfF 5 =
EIZE D KOtk L OSTHRGEESHEZTT - THAITHW 7S,
3) KA 2R B L MRS A2

K5I IX1.0 X 107cells/ml & U BB E 2R T T2 K8 IR ~E A9 5 2 &I
Lo THKEZAT - 1oo SKEHID REE K. I T2 O BAEHE THWCT 4 v ¥ 2 ORI
(5%FBSES D TCM-199)~ & U JH - HIfaiE | T2%CO0,, 98% air, 38.5°C. {JEdFID
Sl B TR RAE 24T o oo WERST ORI, IR 78/E BB A B FCiizs Uy I faih]
MeAFEA U 7B RE P INC IR 78R (Fig. 1) 2 Ll ik Urc,
2. 777 ZMURAF D HEAK

WD H S5 ZAARAE 5 EOH T ZAUARAEE D IR O ks (R E A R BrEsd RIS
FAND sl % 4 B0 RHE & LT 20% 17 i ( Calf Serum; CS) Z 5 U 72 & ik

TCM-199 (TCM-199 7 — )LHa + 5SmM jefig/k 5 K1) 77 L + 20 mM Hepes) % U072,




3 JRDHEAA DI

7T ZIEIEAND P, 703 T RMURAE. AR OMIZ. EHIZIMY g ¥ &2 L
PR HTIREE UTce DUWVTHEARK T 3 [nlptite. A 10% CSIRIMEIETCM-199H 1 D gl
frAfublg T2 %CO,, 98% air, 38.5°C, {JERMID M F T DA EF 221 T - 72,
Hea 1. JHUARE K OISR I T ORI EIIBIZIC & D AAFEDHIEEAT - 1o Bidtk.
MERTIDO R T — VL EICREE Ut e A2 & U7z (Fig. 2),
4 HEGTEF ISR S ik

BIBRIT B BEAEOHET LI, x ME (Steel & Torrie, 1980) % T - 72,

[958 1 WA D AT = Z b LWL Z AL D e

5 ZALIK DM ERE#ENE 12137 ) £ o— )L (Sigma, USA), YoEL 7 ) a—)b
(Sigma, USA) & 7o (3 ili i (REM'HE OF IR AW A Wi, EARKIZ10~60% D4 BE R
HEVVEL 2RI U 72 i8I A 0.25mIs 55D 75 X F » 7 A b @ — (Crystal pipett, IMV, France )
ICEED . A O — R EHBERAERTAEAT 52 LI D 2BBH Uic, b oMKRARER
FICRFR. A o —%215COKPICRIITIREDTHI LIZk->TEE MR L, R b

0 —WHEKD A b KON 7 ZILDFEid. Sheffen etal. (1986)D Ji7EIIE - 720 T
BHb, HARFEENOKHIESIC L O A L7c R o =250 7 (b, Kbz EkeEd
EIRIEEHERF L7c R o =245 2Mb, 7o, BHIEHIH S (LU ha—0D 9 B,
MR, OKEER L TAB U X b o —20i 75 246, EUREERMER L CX o —%Jk
A= 21L& ¥E U7z (Figs. 3,4)
(928 2 ] 77 5 2L~ D MR EE DD EAEPEIC T KT 9 %

1) 578 BHBD 7T 5 ZALIADUREE ISR D A AF T I KIF T

K1 DR L BEREIZH Z 2L UL D RIS A7 5 26 U 7SO A= D
7Utn—)b, FobEL 7)) 3—)VF I MR REYE O & E IR A MK 2 AN
I o BT TR Z 1043 [ 5 I T TIL

L7c SR 77 5 Z MLl % & 2 01 e




. WEREMEORREIT, RINEER. WOEEOHEEIT > 72, bk
HAAEDIR SN TR A RIRT D Z{biHl & Uiz,

2) T ZMEHE~ DDAl 5 1 DE ISR D AL B KIF 9 58

IR 2.1) OHEREID. PIEOMDALA NI BIFTH - 7247 Z 2. 37HbH.
22.5% 7Y Ea—ib, 22.5% TtV 7Y a—=)VERIN U KK A2 REER D5 24t
e L THNWS

T ZALBEN DR DOF-id. LU FOSHBO FEIZE 0. KEE (I-step) 6 &

(16-step) ~ODEFETHr - 7z(Table 1),

(1) 1ERFE : HEENT 7 LRI Z A L1843 E Lic, (2) 2B : 250 D13E %
DA T ZALHIZ8S ] IRWNTH T ZALIKRIZI04HEE L7z, (3) 4R : myID3>D
RIZKA . IRWTH T LIRS MIRE Lice (4) 8B : e e hDMRIZK24 3
DEELICR. 77 AMLRITAFHEFE U7z, (5) 16K : T T NDOHICK 145 M L7
. o7 LB ARG Lic, €T D ST MR Tk, AR 2L THENE
Bide U7c, F7o, W 250775 T Pl U7c MO IR RE & FEfk I K OVEI Lt T Tl
A Wy
(K8 3 177 & RILRAF- £ DM D HEAF P DB RT

1) 775 ZALBEA DDAl J7 i D& DAL F KT8

D H 5 ZAEHEAD LIS 2. 2) DHIEITH S TL, 20 4, 8% K UI6BMETE - 72,
HEHETHER. BREEh TR bo—FAH T 2R EHLITBREIL, RY v—F— (F
A NV ITK DB =V, R b — R RERERPAEERA L TAEBH L1,
3~THMBARERT TR LR, A ha—%215CKPT8MHIREHITH I EITLY
A U Btk AfEtEa e Ui,

2) L6BfsThd K OB LD thig

(1) 168k « B 2. 2) TG T 16BLHE OIS A 1AM 3 OIE% kil L 7c B,

75 243457 i U 7o (Table 2),




(2) 2B¢R&7L : Massip ctal. (1986) O 5EICHE - T, WA £ 3P MiAN (10%27°) o —
e 20% 70 EL 2 7)) a—)VIRIMO RN 1045 BIEAE SEfiig. 45 2L~ E %
B L3I0 HIMEER U 7o,

TN TNDHIET Pl Z# T 1R MRERPABEAUTHERE L. iR, IEELE
A Ufz(Table 2),

(85 4 177 5 RACALEE U7 IS 7 ) — XL ) A1 & B8l

Fujikawa(1991)D FILIZHE > THRO TV =X T 57 F v — « LY B EEELL, 2hZh
DJjiETHEE U 7RO M NANEIR D 775 2 b F LR TE IR Ot 2 (L2815 Uz,
T L, LOEPETLE F 7CIE2B S TEIC K D 775 ZMLIEAN DM 54T 5 72 &200H0 R A ., 10
ulD 7] 5 2L EFITY T IV RV T — LT RO EARImmOFENEA I EHE Uiz, R
T\ MZEDOEIH U TIVFRIVT — SRR SR ITHEERA U TESSBH U, B Loy v
TIviE. -107°C, 1 X10°GUEICHBEXI Nic 7 U — X LY 7 %% (FD-7000) 124 A L .
Wre 20Dy F 7%, TI5FF —H—R o E2RMEICES S8, 0%, RO
TV =FIKD AR B U T LT AERER U, LT HO#EE L EERKIZE
T -F-(JEM-1200EX) S 558 2 FHU T ISR 100KV T T 5 72, ‘

(5255 5 177 7 ZALBRAEME D IEH 1S IE - L U~ DR ERED KR

Kk 3 DFIR KD | Ik BAELERD E - 7Vl ik E O TWA N 5 Z LRAE L . Al
B 2o onzneh LT SOWBRZTT - TIh 5 L UBE FADRA REE BT Uz,
RO L 6BPEEIC K O Ptk A 5 ZMLARAE LI R% 5 ~ 9 H RIS R AR A7 U7k
A U JEREFEIBIERIC L DI EfE S eI i E . S RXF v 7 2 b p—~JEARE &
EBITEED FEMH A R L X o2 e 10802, I TR L3 SR B Al 217 -
2o F7o, XTHX & UTRRRAAS L (Rl & Uy, 1991) Tk . Mg U 7oko 25k %
WHDZMT VBRI LT, T7bH, 10% 7 ) 2o — LIRINO EAKICKEHEA L, %
i PTI0G3l tR. MK E EBICTIRF v 7 ZAba—HNRG Ui, X ha—(3#s —

Wik, -6°CITRF LT a7 5 L7 ) —H — (Freezer, Programable, IWNAKDA 7 )L 21 — JLoN
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ICHRA U 1 3 [EEREF 9 B IICAIDK 2470 [ATRETX &1 9 40 FMREE Lic, £ 0.
-30°C & T-0.3°C/min DAL TREABITIHH L7cth, MR ERTITHEA UTHEERE Lz, 5
~ 9 HHRARER T TRIE L7288, IRIZRER Uce X b o — 2B FO 2K T108 [
FeL7ct%, 3B5COKPTIOMRIRE S 352 EICkDaliEE,. KOS LEZ o -0
TR (0.25MY a BEIRIMDI ARG DA S LEAZ o —NTIRAXE . Bdf Yy
DHF BREZIT - 1otk BHRUIZHEL 72,

T L DITYRZ WriE, B hiB 60 H DL 85k 2 Wi 1 (SSD210DX, Aloka) iz Bl 41
SMHzOD R il -7 i e U T Fr ST IS K 0 1T 5 70 70, E FOBIERII G F 7212

T DEKITIT 5 72,

€S

K 1 B DHT 5 2B KA T 2L D e

BHIRFIC AT 5 2L U7 KR OB RIS B X ORI 5 24k Uy - 7o [ R
ZTable 3IT/R U7, b L, WEIRFIIH S ZL L. Do, MRKCBEA 5 246 L 220
7)ta—ib, 7ol 7)) a—)bk O MEEREYE O % IR OB TR
i, £ TS0, 40 L LXU45%TH - 12,
K 2 .77 5 ZALBEADWEEDIED AP I K1

1) FIEDHUIKD AT T ZILEANDBEE DD AAEPEIC B K IF 38

KR 1 TEESNIAHNT MK, OB Ea—IL50%, FubEL 7Y a—)b
40% 35 & OVl il PR DGR Aild5% (7)) to—)L22.5% + Fu L w7 ) a—
IV22.5%) 73 LIARWITINA 1053 RS Lo B OE(ERIZEZ N Fh4l, 158 L U57% T
& - 7o(Table 4), ZDFER LD | FHAE B DAL LIRS G -1/ ) ko—ILE SO
EV Y 7Y a— LDERIBAMASDE S EH S XK. $10HH22.5%5 1) to—ILb &
U22.5% Ta BV 7)) A= )VIRIMOIEREZLL T OEBRTDH 5 2L EPE Uiz,
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2) T RN DDA i 1D FNDIRD ELEMEIC F L1F 5

KR 2. 1) TRESNICH T ZMEBEANFEETENE NVl 24T - 1D HREOE
fitki%. Table 5128 Uick 9 IZ4B L EOXICHE W THZEIZEWMEDE: S5 11 72(P<0.01),
o PR O MO 2 U FHME TRIEE LIk R. 1 B X2 BPETH 7 2L~ D
Wi 24T - 7R TR, BT OEF UWEER MO TELATRIBRANRBO o ilc, £, 4
B L O 8 B TIIBEDEWN G DAL & E DM DY HN B S 7c, — f L6 TV
fir U 7o T MERFEO#a/NEIBIER S N7z, B OLRIEITAED o 11780 - 72(Fig. 5),
K 3 .77 T ZALRAE B DR DA FPE D Beat

1) 75 ZILBEN DDA 11 DN DR D PRI I KX 52
HEETENTNIRE PR 777 ZMURLE U7 DRt DAL, Table 6127 L
7ok DIT 4 BEELL FICE D THBEICR WAL 511 72(P<0.05),

2 ) 16BeREds K 2B D ik

16 B fe: TULER U 7 D #7 5 ZALBRAF R DA AEHRI1E83% (25/30) TH - 720 — i 2 R
BT 5 ZALOAE UICIR Tl g oAt 503 (030), i X[H D A7
RICHBEENRD SN 7 (P<0.01), F 7z, PliRFD RO UG % L 7 SaiMss TRIZE U 7o R
LOERPEIETILEE U 7c M TIE>EN I OLIE IR IN T Mo bBETH -7, Ll
NG, 2 BRFEETUM LA TR, BWmoLEv#E LnltGEsBlge s nic (Fig. 6)
Jb 4. 5 2L UMD 7 1 — XL 7Y Ak & B e

LOBER 1T K D LB U 7o o WAMICIZOK D F RS o g RIS ICH Z
2L TND & bR Shic (Fig. Ba)o & 7oy FUREIOMATHEEIC K& 4 MLIER
D SNIEI 5 o, TIEE BRI B 75 H% & 5 Py RE-7-(Intramembrane particle: IMP) 0D BESE
ZH Uil b2 < A ohiz (Fig. 8d), — . 2 BFSIETOEE L2 ibMila N & o [alkk
12775 ZIL L T B Z EDMfERR S 7z (Fig. 9, ML i LBk - DGEOIE he
R UL JRTEE R &R Es T OB NS 2 U < H2E U TR OB & 5 W I

Wh D& U L 1 UzzEAr (aparticular domain: Fig. 9e) VEIZ I,

¥




F8k 5. 77 T ZALRAEMRDIEH 1L G 1-F6 K UPE DI EFED KT
77 ZABRAER L0 % L0ERD 2 S ICBHE Lic & 2 A, 63D 2 (Z#60%) M
MR XTIz, TDH B SIEFREHAE AL /o (Fig. 7, pETHS0%) , i,
IR X D% 18 ik E Tld, 1089 S BHOZ T U vzls (SZla3S56%) L. 2N IR -
YA Ul GEEF-356%) , FEEBRX XX O 2R E KO F-RICHEETRED S
NI -7,
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Table 1. Exposure time and concentrations of cryoprotectants in each method

 Time of
transfer Concentration of cryoprotectants (%, V/V)
(min) 1-step 2-step 4-step 8-step 16-step
0 45 275 113 57 - 25
1 45 EAA) [, 3.7 4
2 45 22 11.3 115 8.5
3 45 2ers 11.3 11.3 k13
4 45 £ 225 16.9 14.1
5 45 2 22.5 16.9 16.9
6 45 2o D 22 19.7
7 45 2215 22:5 205 225
8 45 45 33.8 28.2 25.4
9 45 45 33.8 28.2 28.2
10 45 45 33.8 33.8 31
11 45 45 33.8 33.8 33.8
12 45 45 45 39.4 36.6
15 45 45 45 39.4 39.4
14 45 45 45 45 42.2
15 45 45 45 45 45
16 45 45 45 45 45

Cryoprotectants; élycch()—lm{ pr()pylcﬁé glycol =1: 1.

13




Tablc 2 Exposurc time and concentrations of cryoprotectants in cach stcp

Conccntrdtl()n ()f cryoprotectants?(% V/VL

Time 16- stcp
(min) 2-step” (% of VS)

1 10% Glycerol + 20% propylene glycol 2.9

2 51

3 8.5

4 11.3

5 14.1

6 16.9

7 19.7

8 22.5

9 25.4
10 \/ 28.2
11 VS® 30s 31
12 33.8
13 36.6
14 39.4
15 42.2
16 45
17 45
18 . 45

Blaetocy%tq were equ111bratcd by the method of Massip et al. (1986); the 2-step method.
"Blastocysts were equilibrated by the 16- -step method (Kuwayama et al., 1992a).
VS8=22.5% glycerol + 22.5% propylene glycol.
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Table 3. Visual aspects on vitrification solutions in straws after cooling
in liquid nitrogen (LN,) or during warming in water bath

Conc. »»Propylcne glycol Glycerol _ Propylene glyébl
+ glycerol

(v/v) cooling warming  cooling warming cooling warming
10% M M M M M M
20% M M M M M M
25% [ M M M M M
30% o AN M* [ M [ M
35% T M j R M ! AR M
0% - -T—-- T T M T M
45% T & T M - T
50% b i 4§ ¢ AN O T Lt

60% T T 4 g T T
T=Transparent=Vitrified. '
M=Milky=Not Vitrified.
[=Intermediate=Not Vitrified.

“Dotted line () shows critical concentrations of cryoprotectants which allow for
vitrification during cooling.
* Solid line () shows critical concentrations of cryoprotectants which allow for

vitrification during warming.
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Table 4. In vitro survival of bovine blastocysts after exposure
to vitrification solutions for 10 min®

Conc. (%) of cryoprotectéhts No. of Total no.()ifwﬁl\li()f—(%j»()?
Glycerol Propylene glycol trials blastocysts blastocysts

examined survived
50 0 3 29 12(41)"
0 40 3 27 4(15)°
22.5 22,5 3 28 16(57)°
“After removal of cryoprotectants, blastocysts were cultured for
24h.
““Values with different superscripts are significantly different
(P<0.05).

Table 5. In vitro survival of bovine blastocysts equilibrated
in vitrification solution by different procedures’

Equilibration No. of Total no. of No. (%) of
procedures trials blastocysts blastocysts
examined survived
1-step 3 50 28(56)°
2-step 3 65 58(89)°
4-step 3 50 50(100)°
8-step 3 50 50(100)°
16-step 3 61 61(100)°

“After equilibration and removal of cryoprotectants, blastocysts
were cultured for 24h.
““%Values with different superscripts are significantly different
(P<0.05).

Table 6. In vitro survival of vitrified-warmed bovine
blastocysts treated with different procedures®

Equilibration = No. of Total no. of No. (%) of

procedure trials blastocysts blastocysts

: examined survived
1-step 3 40 0(0)°
2-step 3 40 S(13y
4-step 3 38 30(79)°
8-step 3 38 31(82)°
16-step 3 38 33(87)°

“After vitrification and removal of cryoprotectants,
blastocysts were cultured for 24h.

*“Values with different superscripts are significantly
different (P<0.05).
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Fig. 1. Ablastocyst derived from in vitro maturation, in vitro fertilization and in vitro culture.

Fig. 2. Surviving blastocysts vitrified-warmed and cultured for 24 h.
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Fig. 4. A straw showing transparent aspect (vitrified).
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Figs. 5. Blastocysts equilibrated by 1-step (a), 2-step (b), 4-step (c), 8-step (d) and 16-step (¢).
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Figs. 6. Blastocysts equilibrated in vitrification solution by the 16-step method (a) and the 2-step
method (b).

Fig. 7. Anewborn calf obtained after the transfer of a vitrified-warmed blastocyst derived from
in vitro maturation, in vitro fertilization and in vitro culture.
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Figs. 8. Freeze-fracture electron micrographs of blastocysts equilibrated by the 16-step method, cooled
and prepared for electron microscopy, showing complete vitrification through the sample and
absence of the distinct ultrastructural changes. (a) Low magnification of part of a blastocyst (x4, 500).
(b) Higher magnification of the extracellular area (E) and exoplasmic fracture face (EF) of the plasma
membrane with microvilli (arrows) in a blastocyst (x56, 800). (c) Higher magnification of the cavity

(L), and cytoplasm (C) in a blastocyst (x50, 000). (d) Exoplasmic fracture face in the plasma

membranes, showing little aggregation of intramembrane particles (x59, 600).
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Figs. 9. Freeze-fracture electron micrographs of blastocysts equilibrated by the 2-step method, cooled
and prepared for electron microscopy, showing complete vitrification through the sample and
occurﬂ'éncc of ultrastructural changes. (a) Low magnification of part of a shrunken blastocyst

(x8, 800). (b) Higher magnification of the extracellular area (E) and exoplasmic fracture face (EF) of
the plasma membrane with microvilli (arrows) in a blastocyst (x56, 800). (c) Higher magnification of
the cavity (L), and cytoplasm (C) in a blastocyst (x50, 000). (d) Part of a shrunken blastocyst,
showing formation of vesicles (arrows) in a cavity (L) due to equilibration (x8, 000). (¢) Exoplasmic

fracture face in the plasma membranes, showing aparticular domain (x64, 000).
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Table 7. In vitro survival of bovine blastocysts equilibrated in
vitrification solutions containing glycerol or ethylene glycol”

- éfﬁ)- No. of Total no. of No. (%) of ‘
protectant trials blastocysts blastocysts
examined survived
Glycerol 3 31 27(87)
Ethylene glycol 3 30 30(100)

“After cquilibration and removal of cryoprotectants, blastocysts
were cultured for 24 h.

Table 8. [In vitro survival of bovine blastocysts vitrified by
vitrification solutions containing glycerol or ethylene glycol’

- Cryo- No. of Total no. of No. (%) of
protectant trials blastocysts blastocysts
examined survived
Glycerol 3 30 21(70)
Ethylene glycol 3 30 226733

‘After warming and removal of cryoprotectants, blastocysts
were cultured for 24 h.

Table 9. In vitro survival of vitrified-warmed bovine
blastocysts after dilution with diluent containing
various concentrations of egg yolk®

 No. of . of  No. (%) of

Concentration  No. of  Total no. of

of egg yolk trials blastocysts blastocysts
(%, v/v) examined survived
0 3 30 21(70)°
5 3 30 27(90)°
10 3 30 29(97)°
15 3 30 29(97)°

20 3 30 oGRS T

‘After vitrification and removal of cryoprotectants, blastocyts

| were cultured for 24h.
| ““Values with different superscripts arc significantly different

| (P<0.05).
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Table 10. In vitro survival of vitrified-warmed bovine
blastocysts diluted with different methods®

~ Dilution No. of  Total no.  No. (%) of

method trials blastocysts blastocysts
cxamined survived

i 3 30 27(90)
g 3 30 22(73)"

g 3 30 28(93)
4° 3 30 0(0)*

" After vitrification and removal of cryoprotectants, blastocysts were
cultured for 24h.

® Vitrified-warmed blastocysts were diluted in a dish.

° Blastocysts were aspirated into the bottom of straws and 150 (1 of
diluent (10% egg yolk, 0.5M sucrose and 20% CS in mPBS) were
injected onto the vitrification solution (VS) column without air partition.
After warming, VS and diluent were mixed in the straw.

? Blastocysts were introduced to the VS column (25 1 1) which had been
loaded under a column of diluent (150 ¢ 1; 10% egg yolk, 0.5M sucrose
and 20% CS in m-PBS). After warming, VS and diluent were mixed in
the straw.

¢ Vitrified-warmed blastocysts were washed without dilution step.

"Values with different superscripts are significantly different (P<0.05).
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Fig. 11. Diagram of the straws of method 2.
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Fig. 13. A newborn calf from direct transfer of vitrified and in straw

diluted blastocyst. 38
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Vitrification of bovine blastocysts derived from in vitro maturation,

in vitro fertilization and in vitro culture

Masashige Kuwayama

Animal Biotechnology Center, Livestock Improvement Association of Japan

Since the first report of successful cryopreservation of mouse embryos by
vitrification (Rall & Fahy, 1985), many studies have focused on the
cryopreservation of embryos from other species (Niemann, 1991). However, there
has been no report about the vitrification of bovine blastocysts derived from in vitro
maturation, in vitro fertilization and in vitro culture (IVMFC). Therefore, the
following studies have been carried out to establish efficient procedures for
cryopreservation of bovine blastocyst derived from IVMFC by vitrification.

1. Vitrification of IVMFC bovine blastocysts using glycerol and propylene glycol

Four experiments were conducted to determine the optimal conditions for the
vitrification of IVMFC bovine blastocysts and to investigate the relationship between
survival rates and ultrastructural appearance of the blastocysts after vitrification
using the freeze-replica technique. In Exp. 1, the optimal concentrations of glycerol
and propylene glycol in the basic medium (modified TCM199) for cooling and
warming without formation of ice crystals were determined. A straw containing
0.25 ml of the solution was plunged into liquid nitrogen (LN,), and then warmed.
Vitrification of the medium was observed when both glycerol and propylene glycol
were present at the concentrations higher than 45% (v/v) in the solution. In Exp. 2,
blastocysts were equilibrated in a solution containing 22.5% glycerol and 22.5%
propylene glycol in stepwise manners (1, 2, 4, 8, or 16 steps). After the removal
of the cryoprotectants, the blastocysts were cultured for 24 h in vitro. The survival
rates for the embryos equilibrated in 1, 2, 4, 8 and 16 step (s) were 56, 89, 100, 100
and 100%, respectively. Blastocysts equilibrated as above were vitrified in LN,
then warmed and cultured in vitro. Higher survival rates were obtained for
blastocysts equilibrated in 4, 8 and 16 steps (79, 82 and 87%, respectively) than for
those in 1 (0%) or 2 (10%) steps. In Exp. 3, blastocysts were equilibrated in
vitrification solution (VS: 22.5% glycerol + 22.5% propylene glycol) using either
the 16-step method (18 min in total) or the 2-step method (10% glycerol + 20%
propylene glycol for 10 min and then exposure to VS). The blastocysts were then
vitrified in LN,, and cultured for 24 h. While 83% of blastocysts survived following
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the 16-step method, no blastocysts survived by the 2-step method. In Exp. 4,
freeze-replica observations were carried out on blastocysts vitrified by the 16-step
and the 2-step methods. No ice crystals were observed in the cytoplasm,
blastocoelic cavity or extracellular areas of blastocysts, confirming complete
vitrification. Little ultrastructural change was observed in the plasma membrane of
the blastocysts equilibrated by the 16-step method. In contrast, blastocysts
equilibrated by the 2-step method exhibited distinct aggregation of intramembrane
particles and small vesicles in the plasma membranes. Ten blastocysts that survived
after vitrification were transferred to ten recipients. Six of them became pregnant
and 5 normal calves were obtained.
2. Vitrification of IVMFC bovine blastocysts using ethylene glycol and sucrose

Four experiments were conducted to develop a simple and efficient vitrification
method and an in-straw dilution method after vitrification for IVMFC bovine
blastocysts. In Exp. 1, blastocysts were equilibrated in 10% (v/v) glycerol and 20%
calf serum (CS) in modified phosphate buffered saline (mPBS) for 5 min, and
exposed to a vitrification solution (20% CS in mPBS + 1M sucrose) containing 30%
glycerol or 30% ethylene glycol. The embryos were then diluted out of the
cryoprotectants, and cultured for 24 h. The survival rates for the blastocysts
exposed to glycerol or to ethylene glycol were 87 and 100%, respectively.
Blastocysts equilibrated as described above were vitrified in LN,, warmed and
cultured for 24 h. High survival rates were obtained from both treatments (70% by
glycerol, 73% by ethylene glycol). In Exp. 2, blastocysts were vitrified by 30%
ethylene glycol + 1M sucrose solution as described above. After warming,
blastocysts were exposed to diluents containing 0.5M sucrose and 20% CS in mPBS
supplemented with either 0, 5, 10, 15 or 20% egg yolk. The highest survival rate
(97%) was obtained when the diluent contained 10 or 15% egg yolk. In Exp. 3,
blastocysts were equilibrated in mPBS containing 10% glycerol and 20% CS (5
min), exposed to VS (30% ethylene glycol, 1M sucrose and 20% CS in mPBS), and
then loaded into a straw by one of three methods. In group 1, blastocysts were
aspirated with 25 ¢ | of VS into a straw. In group 2, 25 1 1 of VS containing a
blastocyst was aspirated into the bottom of a straw and 150 ¢ 1 of diluent (10% egg
yolk, 0.5M sucrose and 20% CS in mPBS) was injected onto the VS column without
air partition. In group 3, blastocysts were introduced to the VS column (25 y 1)
which had been loaded under a column of 150 £ 1 of diluent (10% egg yolk, 0.5M
sucrose and 20% CS in mPBS). All straws were then sealed, plunged into LN, and
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stored for 3 to 5 days. After warming, VS and diluent were mixed in the straw for
30 sec, the blastocysts were then washed and cultured for 24 h. The highest survival
rate (93%) was obtained in Group 3. In Exp. 4, 20 vitrified-warmed and in-straw
diluted blastocysts were transferred to 20 recipients. Eleven of them became
pregnant and 9 normal calves were obtained.

These results demonstrate for the first time that by modification of the vitrification
procedure of in vivo derived bovine embryos, IVMFC bovine blastocysts can be
successfully cryopreserved.

To achieve high survival rates of blastocysts, both the cells and their extracellular
environment must be completely vitrified, and ultrastructural damage to the cell
membrane must be minimized. The method developed in this study for in-straw
dilution of vitrified blastocysts is simple and efficient. Consequently, vitrification of

bovine blastocycts has great practical and commercial application.
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