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A Simplified Rapid-Freezing of Rat Embryos
by Liquid Nitrogen Gas
Yoshitaka Fujii, Kyozo UTsumi and Masataka YUHARA
(Labolatory of Animal Reproduction) ‘

A succesfull low temperaure preservation of mammalian embryos was first reported
in mouse in 1972, Survival of cryopresereved mammalian embryos has required both
slow cocling and slow warming, For the purpcse of cryopreservation of mammalian
embryos, a freeze-thaw cycle shoud be more simplified, This experiment was to de-
velop a simplified rapid-freezing of rat embryos,

Erythritol was used as a cryoprotectant, since it did not impaire the development
of rat embryos in vitro at relatively high concentration, Rat embryos were cooled by
three-step cooling procedure in liquid nitrogen gas, The highest survival of the emb-
ryos (54%) was obtained when embryos were cooled from 25°C to—20°C at 2. 25°C/
min, then to—60°C at 8 °C/min, and to—180°C at 22°C/min, The embryos were
thawed by immersing the straws directly into water bath at 30°C,

The relationship bewtween holding temperature at the first cooling step and survival
ratio was examined, Survival required a holding temperature at about —20°C, and
the lower holding temperatur resulted in lower survival ratio, Rat embryos were also
cooled in other cryoprotectant, But inositol, ethylene glycol and glycerin were not
found effective in preserving the embryos,
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B D & FHARIE 2 SVEBRIC & - T EicEr., BohmRRINERRK T3
EptE I, ERcfsn. WEERBRAENEEK AENSLIEM 4 1o
i =Y > 2800E A /ml ZRINL 722 vz,

FIHBERE LT in vitro TOROFKEBEELRITTREEFEEYEOEEZR 22D IT,
FERTRPABOAEKC S S 2 EE CHEREDE2ENU LK 2AE L. #E8R
KB R D b BRER DA - R LI BFENCE L TfTE, Tablel KRLTH 220
ZNOFREEORAIONEE L. Z20BERCET D BEBNCEREEERON - 1ok
B L TS, BEKRBRTIEMESEL, BE KRB EOA - cRENILTRERAT 255

EUT. ZUTZoBOMDEFEEIEEHRHEURRRIOEENCER & Bbih 2584118
BIEANORER TR, RBEEFEEYE & U Tk polyvinyl pyrolidone (PVP), hydr-
oxy ethyl starch (HES), hydroxy ethyl chitin (HEC), inositol, erythritol, % L TH%
B & LT DMSO, ethylene glycol % {#- iz,

BURRIEYIE 2 1 B TORERE D 5 erythritol EERHEYE L L THEHL TV B E
Bbhizo T, HHBEHEOME 2 erythritol 2 HWTTRo7z. 37 MEPERT
5 % erythritol % (RIEIVEIE/K : AEANE/GIED 2 ¢ 1 OB erythritol 25 %
BIIL 28 2 Ete Bt L1098 E U, Bz 10% erythritol #8 (FEEEHIT erythritol %
10BFRMUI2HR) 2B ERESH2ER b o —OREIRI0GE N, Iy NEOARER
BZDAPO—%F o =2 RZ AN, Fr=2RX—%—196°C F CIREEEY 2H % B
M TFRES ¥ A HE T - 7o, BUIE 2 b 0 — 2T 5 HLD 1 L TEEE30°C 0R
BB T, H3iE—18°C ethanol /N R T 25BN TH 530°C OEBIREL T2 -1z,
RS O erythritol OFEFIE, BEc@Nsniz sy MNE2IET 8%, 6%, 4%, 3%,
2%, 1% erythritol i (FEFERYEIE/KIC erythritol 2L 72K 2 E&teKETILICB LA
ATTs -1z, 9y MREERR i 70U EBE» NIz, BOEFEOBRER, Z20J v b
HeEE KRB T3EESL, BE KRB 2RI TR L T, URBHEREN
EEZBITRERAOHEERZBR LTI - 7. ERABIEREE~ORERTRUI.

BHBKEER MR OEFEEOBEZRRM A0, 7y MNERBETAE, Fr=R4—
ZE1IBEORUOOSIKREZBRESF 2 Lo sy nEsc@lE L. ZRUTORER
OEHIZ AT erythritol 2EHEEEYEH - U THOTE L EEROE D - IHEBRICELT T
etz BURIZ A b o~ 2 RAERE» S L TEEC 0BRBICEL T2 5 1.

nw, BREREEYIEIC erythritol 2 AW TE LS N1 E § EEEROE > - o HEE R 2
FWT S v hNER erythritol DN QB REWE 2 Ao CHERB L . BRHRETEE L
Tl& inositol, ethylene glycol, glycerin, & & L T DMSO % fuiz.

7 v MEREOREEEIEN CO25 % - UEX95%, WE8Y%, BE37. 0°C pREeisM iciEEm
PENTEE -1, Ehod v =24 ~EOBHATOEEOHE R, EEREOBRETERL,
HEOA ST A b —2 AN I v =22 ~EORE»EH ~o 2% o2 VEERTHARE L
7o, HHBEREER ORI R, ERCHBHERI N AV v EE CERBER 2
Fip 2 b e -, BOMA TV AR THEN 22 VAABRE2HRE L, BEENK
BEEZEEICTTT -1z Fig. 1).
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in vitro KT 3 5 v MROFEEHICKIZTTMIEA & M & REYE 023 Table
1R L7z, PVP, HES, HEC, inositol %6, HixHEBENEREIKI b shizild T2
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Fig, 1 A liquid nitrogen tank, straw in canistar and thermometer
The canistar is placed in liquid nitrogen gas phase,
Thermocouple is insereted in the straw,

Table 1 Effect of both penetrating and nonpenetrating cryoprotectants on

unfrozen rat embryos in vitro

No. of No. of
Cryoprotectant embryos full-expanded
(mol wt) % (M) cultured blastocysts (%)
P.V.P,
¢40000) 2 (0.0003) 10 0 ¢ O
hydroxy ethyl 6 5 2 (40)
starch 8 6 3 (50
hydroxy ethyl 1 6 6 (100)
chitin 2 6 6 (100)
3 6 6 (100
inositol 4 (0.23) 4 4 (100}
(1807 8 (0.48) 4 4 (100)
10 (0.62) 2 0 ¢ O
erythritol 9 (0.81) 4 4 (100}
(122) 12 (1.12) 4 4 (100)
16 (1.45) 3 3 (100)
DMSO 8 (1.1 3 3 (100
(78 16 (2.44) 3 3 Qoo
ethylene glycol 6 (1.03) 4 4 (100)
( 62) 12 (2.20) 3 3 (100
15 (2.85) 3 1 (39
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OFEEHZ2EL CHEHEINT. IT2Ch s oMANESEEEVERTTEVNKEV Y, &
BETLEKZLZNOBKARELL TUSWEENRYETH - 7o, MlaNEsE#SYyE
@ erythritol &, HIFERNESEEYE O DMSO Tk HENESBRERIEE T BEERE N
IR S izh -1z,

FEBIZBOTIR Sy MNEOSHEEFEPENO 12 LT 31729, EGHEEWE IR
Fd DMSO & % glycerin & - 2N EBREDE L H 3 BHFBCHEL TV S EEA
b AMENEEEEDEOEE 2E OBEoFR2HEA . -7, HENVERERBIER
THEOREMICHE 2 57 inh - 1- erythritol (169 0BEE THROHREE 100%) »H0
HERBHNA SR LT,

2, FHBBREELEOEEERE

IHIB PR L BRE D 7 v NEQETFROEER Table 2 [WRU 7z, Table2 KR h
2BYH, Fr22RE—REREERTALCECTIOLRICE » = 25 ~EREM —50°C

Table 2 Effect of cooling and warming rate on the survival of rat embryos

No. of embryos No, of

Cryoprotectant Temperature at stepwise cooling & thawing recovered full-expanded
(%) (min) No. of embryos blastocysts
frozen (%)
erythritol 25 —50 —120 -—-190 LN -18 30 6
(10 B0 a  ao (2) (2 9 1 an
25 —50 —90 -—190 LN -18 30 3
(35 o  ao (2) (2) 5 0 (0)
25 -70 LN 30 6
20) (2) 6 0 (o)
25 =70 -—-120 —190 LN 30 10
20 o ao (2) T 4 (40
25 =70 —1256 —190 LN 30 25
20 (5) (5) (2) s 14 640

EBEEIRL, BRNTF v =25 —2 T TEERE LI0A%I-120°Cikiz s X5 L, &
CF e = AE — 2 NTFTHEERE LUI0S#Iz —190°Ciziz 3 k 5 it L -l ksEFIdic ity iz,
AR 2 b o — %15 72A —18°C ethanol /N ZFIZ 240 A4, 30°C BIEAF TR HEI
T, ZOBOEFERIZILY TH -1 BBBIKERO25°C 2 5 —50°C~, —90°C
~N, Bie—190°C~, ZUTHEEREBHBEERPEZ T EERIEL OB TH -1z,
ZCTHR1REZER» S —70°C 2 THEIL, B—70°C » 5 EEREERR AN
BEERI OB TH 1205, —10°C » 5 —120°C, —190°C, # U THEEE~E, ZE»
b 3B TIRIAERIC AN, 30°CRETHERT 2R % & - BTd0% D EFEENES h
72, ZLT—120°C & ~190°C D2 27w 72 X W BEBHTITFS  c titk y, £HERRE
gl e bB4% iz iz,

¥k, LOBELEFEDE» > HECSWTHENZITI-EE IR Fig. 2 iU, Fo
BEGBHERERGE S TKEREL, 9T OBEKL, WI0AH» S BRACTREL, 205
#—-20°Cieizh, ZhpbERMICTRL255%E —60°C itz b, BrRBEIICTRE LI0SHE
—180°C iz g - 7z,



T o MROSFERE 29

e /
£
o
£ — 50-
g
)
=
—1004
—150-
—200 : 7

T T I I T
5 10 15 20 25 30

Time (min)

Fig. 2 The cooling curve (left) and the thawing curve (right),

3. BHIHKEER L EOEEE

10% erythritol 2 BEREMEE LTI v MNREZBHERE L 2 BICE  EEROE» - 12
BHERBEEZ?EAE LT, E1EE BI0207) OF x =X F4—DE3I23FTIE
baeriEo sy rRoRI tBEEILE 2nFnobEE CoRBROEFERIZZNE
f Fig. 3, Table3 g L7z, Fig. 3 & Table 34,56, BHEER, C, Do, BUERED
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Fig, 3 The cooling curve at subzero temperature,
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Table 3 Relationship between the cooling rate at subzero
temperature and the survival of rat embryos

No, of embryos

. recovered No.of
Cooling rate -
No, of embryos full-expanded
frozen blastocysts (%)
13
A (n=3) T 0 (o)
13
B - L
(n=3) 11 12 (86)
13
C =3 _—
(n=3) 3 7 (54)
10
D =3 ———e
(n=3) 10 6 (60)
15
E (n=3) —— 6 (40
( T )
13
F (n=3) o — 3 (23)
13
G (a=3) . 3 @D
14
H (n=3) SN 1
10
g
I (n=3) _— 1 3o
10

HEE TIIEFRIEL, AHIKEERO TR & 3 ET ULz (E:40%, F :23%,
G:21%, H:10%, 1:10%).

4, BEEHEEVECLSIEREERFER

erythritol S fLOEREEYE 2 BTy MNEZEE U OMBEEZOEEE ;. Table
4R LTz . erythritol 2D DMSO (JLils 2 EAERESIR %2R U, BD 10%

Table 4 Effect of cryoprotectants on the survival of rat embryos

No, of No. of No, of No. of
Cryoprotectant @ embryos embryos embryos full-expanded
frozen recovered cultured blastocysts (%)
erythritol a0 26 25 19 14 64)
(8) 6 9 3 6 (0)
DMSO ao 5 5 5 2 4o
(8) 10 6 6 (60)
inositol (8) 10 9 0 0 (0)
ethyleneglycol a2 14 13 0 0 (0)
glycerin (8) 4 4 0 0 (0)
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erythritol 2 Fi 1286, EEXSAS T, 8 % DMSO 2 IZEE, EFEXR0% TH -1,
U Ledsh, MBEAEREESEYE @ inositol & HEEREEREYE D ethylene glycol &
glycerin TIRFIBEROKICE L EFHEED ONT, EFERIVTHOHEL 0B TH -1,
723 erythritol OREZI0B 05 8 BITTIT 3 LEFERIZO0%S ThH -1z, ¥ 72 DMSO D
E% 8 %o 10B I BT B L EFERIZ60% 0> 5 4A0% T hHs -1z,

= =

BBl o & B U THRRBRICS U THE 2RI T, La»d 1Y
h OMFEEAEN KRS VNIcY, BERFECRBEEBENEEE SN TSR, UL, KB
TR EREEHEYE & | T10% erythritol 2 729 v NEOEREEMES B iz,

F oy = A2 —EORENEEBRINT —50°C Kz 3 X5 kR UES, RoBEIRE
FEBIRTE205 0 5300 0EIC —15°C 56 —~18°C K E TULTHEL TN b, BlifE
BOROEFTEN B, > OB RAGHIUKEERNETEcrp EEL N 3. WRE
i, F+x=RA4—EOBEEPEBEHEEHE205T-10°C i3 LU Ee, KoBEEIR
Pig. 2 WRITE D BEEHEBHE0DT-20°C Kz TFRLTEY, 20%-196°C T2 =2
F o FTHEHENIIBECEETENEL - 120 T, BHEKEEERIR —20°C 2 TTFTS
NEFPEF LN EEZ LN S, IRERRIERENC BBCRUNEBOEERNEP -
12DT, BERHINIHIEIIEERB L TV REROEEENE L 25 ) 2BRER
O E XT3, 2B, F+=22-BEOREEBREBE05T-70°CitizsL5
KUTHETE, —10°Ch b BERERESEERAN D NIz ImES O ICEFENTD &
Nz ot it —20°C » b EE —196°C ¥ TROBENX T b hic kR E R
U T AIFE PRSI PR ERR 2B C U, = REEOMIEMEROXKER S SEiTE
Zh, 205 OKENTREH U THUNEEZ2EA Toreizp® 2Ei1bh3, 2L7T F+
=24 —~EQEBE® —70°C 5 ~190°C F T4 TRITIZEL D 310907 TR
BT HSETER M E > T2 Dk, —20°C 25 —180°C $ CHOBER L Y JHEI T3
ETIEAAECIZEL T Z0MBPIKEDOREIZNIL LD EZELZLN S,

BHBUKEER & RoEFEEOBRI DO TOEBEE (Fig. 3 & Table3) @0 THE
BHEOBRDEEENEBEDSIB 2R UIZOD w%ﬂ@ﬁB@ﬁT%ot BHEREBoBE
EORE 2 BEB IR 155 5200 D iy — wTﬁ%>2WC®F§ﬁK@%3mcmé
BT, COBHBKEERCEESh TV AHEIK, Biz20%0—196°C ¥ ToHENE
BERBHCWA SN ALIBL Tz EELLNS, Z20RLE UTRERRD 30488
Zbhns,

1, —20°C 5 —190°C F COEBBHEABPIAL 5 LB AL LN 2HMlBkE 2D
HEERCBER 52 0 EBE T TOR T 5 X O CHlg KBk L.

2, MFENKETRRICHES O YR EE I U THEEIG U Tz,

3, Solution effect® LU CTHEMBIIGUT.

2 U TBHIBKEER O TN FEN —15°C 5 5 —20°C wBr» i 3 HEBEST 520
T, HHEEB »5 I i) THEROEFERZBRLZICED LU Tt TH A, HBH
HE A KBS TIRBHBUKEERD —15°C 5 —20°C ZEL 2 »Teiz ), BOBKss
RTDessf2EBRHINTHRENES 2R L, BEROROEFESTD bhizhoiz
borELONS,

LD k5T, KRB TEBREYE & LT erythritol 2T 3 v MNROBHERE
KERIH U128, C OEMEEIC S 5 BEIHRIZ19804E, MaUreeN J. Woob W il
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THEI NI~ Y AR OEHBRE KT A HEEHE I TBA EE UV T &R HEREN,
19794, T. ARHTAR EV 33X Y U ERERZ S 3 o RETHHBE L T, B
OEFR I ERBHEERMAE L 256 L S ERHRERB U BEE,L - T2 & 2REL,
B OEFERIICH T 4 BHEEEE O 2SI RN UL, - TEE, o 2BESTE
PR EZ 9 MNRERBFZBIEFF AL EWRINTOLE3DEELLNE, COEML, C
O 2 BESTHLOBILESRC 3 Mz 2 TH A CEBRBRINSG., 4%, 4K, X,
L2ER, RERZSo2EEFEOmMEE L EIN 5.

erythritol ®° DMSO o R#4hE & 133 @iz, inositol, ethylene glycol, glycerin @ 5
v PRI 3 EEERESREAPETIED SNz -7225, ThdB I v MRITHL T
BERHERE PS> T2 SRS 2 ¢ S iaHkgy, BEEREE & BEEEDE O
MEREBEIBREITINTWAYOT, s 32pBEEEERE O TS, Bl
HEBEEEDS LT3 7 v MNERBEFETE A EFEALN S,
REBIKBSWTERAHYO 7 v 0% DMSO DANOBKEHESEYHE, $/2bb eryth-
ritol TEEFEETEIIC &, L% BRBEEFBICHE L TEEEEVESFERINS T
BB EBTRRLTNS,

] -2

BB RS REE 2R T 2729, ZEHYROEFTAVELTI » MNEZAWY, &
HERN A & b HEERBRE 2 HA 12,

B RS E I HENERERIER T in vitro BT 55 v NEORBHEE & »
i3 & 7eh o 7z erythritol 2@EE Uz, BEFRIIEEHER, HOEEH205T —20°C,
2543 —60°C, 3043 —180°C iz % £ 51T L, BAESRE R b o —2REZEE 5 30°C
BENEBEAND LS UK, 20REENELIBE» .

109 erythritol 2 X % 9 v FEOEFBETHS VT, —20°C 25 —38°C = ToORHEIKE
B i - 2 BEE I & 2B OEERIIS0B L ETh -T2, —43°C 5 —74°C 2 TO
BHPKEER 21 - It HE I L AR OETERIZWO0BLUTT, U b BAEFKEER
DT > TEFERIET LT -T2, 2 U T oBHPUKERESE LRI OEEFEERD
BAfRD> b TS DRSBTS L 7.

erythritol 2BEREVEE U T » MNERERE LU BICR L EFEROED - LB AR
FRTCMOEBEEDEZANTI » MERREE LU TA IS, inositol, ethylene glycol,
glycerin TIXRIBTOEFERIZOBTH -1,
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