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Survival of Frozen Rat Embryos:Ice Formation on Rat Blastocyst

during Freezing Process

Kyozo Utsumi, Eizi OxkiMAsU and Masataka YUHARA
(Laboratory of Animal Reproduction)

Recently, a deep-freezing preservation of mammalian egg, e. g. of mouse, rat and
rabbit, has succeeded experimentally by application of dimethylsulfoxide (DMSO).
However, the mechanism of such protective substance as DMSO and Glycerol for
mammalian embryo as well as for sperm has not been made clear yet in many re-
spects.

The study reported in the present paper was designed to observe microscopically the
process of ice formation in deep-freezing of rat embryos in reference to protective
substances : DMSO and Glycerol.

Preliminarily, the cleavage of rat blastocysts after deep-freezing was tested by means
of im wvitro incubation, and DMSO (8 %) was proved to be more effective than
Glycerol (5 %) for the freezing of embryo. '

In case of no protective substances in saline : serum (2:1), the process of darkening
in one-cell egg of rat was observed under the microscope. The intracellular freezing,
so-called flashing, was proved to be fatal in the embryo. When rat blastocysts were
cooled below -20°C in the medium, the extracellular ice crystal ceased the migratory
recrystallization and constituted irregular dendrite. The fact that the shrinkage of the
embryo was scarcely observed was supposedly due to the formation of intracellular ice
crystal in the egg.

As for the freezing of the embryo in the medium containing 5 % Glycerol, the
extracellular crystallization was induced progressively to form the irregular feather-
type crystal, intermediatetype of irregular dendrite and coase spherulite. The extra-
cellular migratory recrystallization developed and resulted in the shrinkage of the
embryo at temperature above-80°C. Both the fixation of extracellular migratory
recrystallization and the sub-dehydration of the free-intracellular water below—-80°C
seem to be responsible for motality of the embryo.

In the medium of 8 % DMSQO, the extracellular migratory recrystallization occured,
by the shrinkage of the embryo, in the same manner as in the case of 5% Glycerol
except for the following change at temperature above-132°C (eutectic point of DMSO).
Below the eutectic point of DMSO, the numeral crevices grew, regardless of arrange-
ment of the ice crystal. The consistency of opacity of the embryo throughout the
cooling process suggests that intracellular ice formation was, if any, scarce. This was
considered to show the effective action of DMSO for the freezing of rat embryos.
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Table 1. Protective Effect of DMSO and Glycerol for Freezing Rat Blastocyst

. No. of % of % of
Erggggtlcw;e Freezing process samples 6va ova
1 = tested survive cleave
8 % DMSO DA------ 190%. ... LNz 15 6l (48/79) 67 (32/48)
8 % DMSO DA LN, 4 0 (0/20) 0(0/ 0
5 9% Glycerol DA.----.- 190%-- - LN; 4 15 ( 3/20) 0(0/3)
5 % Glycerol DA LN: 4 0 ( 0/24) 0(0/ 0

* exposed for 10 minutes to LN;-gas

DRBELIIES, LBDODEERERL, T0HH 61 %OREBEAERIC L - T Expand L
T3, —F, DA »oEE LN ~BELALLOR—FOEERSELINTHIEL. 5%
Y% vERMUERPORERIZ DA 5 LN, ~BHELILES, bTrEEDR
FRb0bB LN, FOMMAEEIZ DMSO 0ozhicsg b, &A%k - Ts Expand
BEDONTHRY., 35K DA 25 LN NERLABDOR—BIOEEREF LN TN
V.

ZDEHT vy FRICKT A DMSO &7 ) v OREHERIG, REMETEEL
CERRZCEBBDON. BFORENEBEEL LD/ ) 2 v &, MEROEBICAL
LN Tn3E DMSO oRICH T ABESROARBERFFICHLBICINTHRLL. LLS
YY) vk DMSO OF BHEEOBEEENZNC LB8XT DMSO 0B E47Y &)Y
YO ENXIDE DD EN (-132°0C) cEBEHINTHAE. LirL, DMSO LA &
b DA 25 LN; KERLEA, ROHMRESBEEL CEREOHLBRIGSRLNECE
5, DA ORERTHEEXEMBABEKNE-TEYD, LN ~E20BTHRABEEEE
C7:bDEBEbNE. COCELRER® 0t 8% DMSO i b i3, DMSO oit
BRAZTEBALT -1B0°C LTI > THEOKESEET AL LD O MEINE. 108
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#FHE L, AVERILLY LREERES Y &) v TEBELTEREL TS, WHTTINGEAMD &
V&Y vk PVP, PVP &b DMSO OFH< U AR BIMTH I EEZHREL T 5.
AEBROHELIIE ST, BYEPEROBECPERZSECL - TR DA »5 LN, ~NER
LTHBIFRNEELZETCHN EELHA. WHITTINGHAMD |35 » + T~100°C LITTOR
ETROEESNROEECANLECECEEL TV 2ORARROBEEZTH L VA LD
S oY (-
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Flashing #¥#1, RBESPRELTVE0E, BOBESEENELTVWELDEEDNS.
b B AHA Flashing ZEC U2HRBBEBRREREOREZ4ELU 5. O X D ICHBRER
OB TFRAMBAKEBEIODLA, REEOEMCI s THETELCEBSHOMCEN
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UEMTREENCEET VI - BB 25ETS, Lot AMBRERESEC LT
DEFEBGHTHICENAHONTVEY, Ltk THEREEZECITVISIK
FBHLT, MBEADBHAKERL 08RO ERRECKRLOELEEbLNSE, 20L&
REBNOLDICEREINHEREY K Led- THhE B L -BA0MBNAOKEZBHE
L.

0°C »oabBoliEo B 2% (Spontaneous freezing) 1, DMSO X —Tlx —14°C,
7)Y YIRT—10°C, HMEBKTIE —16°C THY, H2F1R “RENLHEER (rregular
dendrite)” & “MHi /Ngk (Coarse spherulite)” @ HfEI% R U, Bt Irregular dendrite
DEFRRERLTINAE. T OFEIZ—EIT Heterogeneous nucleation O F WEETHT 3
LVIHROKBLE-HL TS, LErLLTNNOXBEREANDORBE IR EEA
BERERECTVWERVLEDEEDLNS.

WRIC T DMBBS B A THIEASEK SNV, BEEL2 T THEAKRKECED
HHREZERCXY, T23RETMEAKRBERESTEILRENSS. BHEY 0 &< DMSO
K<l “RAEKE (Hexagonal form)” WCHHERL, BAKRBICIVENMREBRIIZZ L
R, REBRTHZ7Y ) YRSEKOELE RS, WHRERTHARIAKEDIK
BERICAHSNBICBER. SRR ACEEATF3i1co0T, DMSO K (—~10°0)
OBEFERERIAEL LAAFICE/LL Plate-5) , AT ~20°C 2 SEHE LK, XK
BRI —40°C AHETRIEBEA BRI EBED LN, ) &) YRiZ —11°C 825
HRBZERL b Plate-8) 25, AFBKEE ABKEMNSEBELTED, DMSO K&l
BHBELUUKBEEET 5. B LICHBEAKEZFESNCEIIEAL, —40°C fHE
TREBREN TR TS, —F, WETE —10°C fE TR HKE & BRKENE
£ (Plate-3) L, BEOTRICHEZ L, FOXKROEALETAONZICTES, XEOR
By —20°0C CHOWVWETTHEHEINTVA., 2LCOES, IPMBELEFEL ORI LD
SEKBRESOE THRMANEZELEL D& B3,

oL DMSO &7 0 &) vy RMEAOBRIERRICI DKERAEAL, HE
BEBLTHIRCELSMENOEBABBEAKINT, MEAEZSZELTHREVEDOER
Pha., HEVRDECELT TR, BEEEOHBIENBKEZH CIERSRD ONE T &
HEXNH, COEEBRTRZV ) vs DMSO LEBEOEREG 2 ENERINS.

LHL, ZOROEBEETRICONT/ ) Y vYRTid —80°C i (Plate-6) THEfEZAK
ROBEBEESN, WAROEHERET - TS, LN, 0REICE - Th (Plate-7) K&
OEMIZBEAENRL, —80°C TRBERME/H LTS CEBERENL. HETIR
—20°CAfiit 5 —80°C (Plate-4) WE LT, HRAAOKBELCELBETILAERD S
iz, —7%, DMSO K7, BETRICELOVARAKERSGENALEEL (Plate-9) |
DMSO o#tiE A (—132°C) TAIMKEOBH MBI - /2. —150~160°C TH/KE &
EERIC, KOBHEMBEL, FNUTORETOEIRED ST, Lird, MR
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AKBOBEBIEZZZ 0D, FRRNOBRKISARSO Z THESEESN, MENEE
HEODREBRIBICEL L0 EELNE. COBRIE, FTHEBRDS )2 YITXBED
HEENDMSO K3 2NLDELLLREDHEBPO—DEEDESE. —7, DMSO KT
DKBEDENT —RERKDFET R (—132°C) T KBBLELOBDONE I &5,
FHCHEAOE EHARDSBRAKS N, HEAEBEZHLEL 2D, 3EPBRICHIELLLDD
EEDLNE. —BICKERT E2EBESENEE, BARAEOREICLAELINIINVIELY,
MizoERICET 2 BEEROBENRENIEZE, ABEANEENECD KLV E WhitTy
5. BMEEREZELUTHE D, BAKESEEICENS, 7)Y v DMSO REDFRE
BROFZBMHOELR, 20 RHERERLFERT IMEIAKEIC I ZHBA~DORKHIE
fERICH L, AohOBETENCERLTLEbDEEbNE. L, DMSO oFis
SV DB ED 50°C PlES RNz, MRAXKRICK 2N E ko Bk
EACAITEBCEREDFE— 1O RLAL S CEOEFCHEMICERT 2508
BEinr.
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8% DMSO %1%, DA »5 LN; # R 10458 EHR LN, KTRELALS OB HED RIFILR
WmEon, 5% )Y &L, DA »OoHEBOERELZEDRELLE . TN
b DA »oERE LN, ~BELZBAREFEREZELNLL - .
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MO TEREENVETEE S NVHEBENEL BRI N,
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RBREDONT, RRRARESOIETCENLUTORETHIERNERSZEEL TCNBT &8
HE I,

8% DMSO MK THEFELLES, KBEOEREBHIZZ ) ) YEABRORBAZRL
7275, —80°C » 5 DMSO O BESE THRKEDOHEIEBRISEAD OGN, KOERD
ZORETTEN., ¥5iIk —150~160°C fHEICB I TOKRE OIS & 13 MERICK R
CBESAD, 2Pk, —197°C STE/MAREDONEL . T, HENOREED
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Plate 1. Pre-flashing in 1-cell egg ; The left cell (arrow) does not show intracellular nuclea-
tion. The right appears to be be darkened by minute intracellular nucleation.

Plate 2. Post-flashing in 1-cell egg : The left (arrow) shows a intracellular nucleation. The
reduced opacity in the right seems to be caused by migratory recrystallization.

Plate 3. No protective substance at-10°C (x33) : Extracellular fins and coarse crystals distri-
bute heterogeneously.

Plate 4. No protective substance at-80°C (x67) : Extracellular recrystallization had ceased at
temperature above-20°C. Blastocyst retained their original pattern

Plate 5. 8% DMSO at-10°C (x33) : Migratory recrystallization from irregular dendrite to
hexagonal form is extracellularly observed.

Plate 6. 8 %5 DMSO at-80°C (x33) : Cornification and enlargement of extracellular ice crystal
occured. progressively Shrinkage of blastocyst takes place consistently from-20°C.
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Plate 7. 8% DMSO at-190°C (x67) : Crevices take place extracellularly regardless of ice
crystal, while both extracellular crystal and shrinkage of blastocyst had ceased at-132°C

Plate 8. 5% Glycerol at-10°C (x 33) : Blastocyst begin to shrink. Pattern of extracellular
crystal resembles those of 8 %5 DMSO.

Plate 9. 5% Glycerol at~80°C (x33) : Extracellular crystal ceased to migrate. Shrinkage of
blastocyst has stopped.

Plate 10. 5% Glycerol at-120°C (x67) : Pattern of ice crystal is not different from that of
Plate 9.



