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Effects of Cryoprotectants and Sucrose Dilution on the
Survival of Unfertilized and Fertilized
Mouse Eggs after Freezing and Thawing

Introduction

The cryopreservation of fertilized mannalian eggs has been applied to various species since
Whittingham reported the high survival rate of frozen-thawed fertilized mouse eggs. While a great
deal of information has been generated regarding factors affecting survival of frozen-thawed mouse
embryos, relatively little is known about optimal freezing and thawing methods for unfertilized
mouse eggs.

The objectives of this study were to examine the effects of (1) addition of cryoprotectant ((1)-a
Glycerol of (1)-b DMSO) and (2) sucrose dilution {(2)-a one-step or (2)-b 5-step) on unfertillzed and

fertilized mouse eggs.

Material and method

Sources of ova

Female Sic: ICR mice, aged 6-8 weeks, were maintained on a 14h light: 10h dark cycle Females
were induced to superovulate with a modification of a protocol previously reported (Whittingham et
al, 1972). Hyperstimulation of the ovaries was obtained by intraperitoneal injection of 5.0 to 7.5 LU.
of pregnant mare serum gonadotropin (PMSG) (Serotropin, Teikokuzoki, Japan) followed 48 hours
later by intraperitoneal injection of 5.0 to 7.5 LU. of human chorionic gonadotropin (hCG) (HCG
MOCHIDA, Mochida, Japan).

The unfertilized oocytes were collected by dissecting the ovidacts on Dulbecco’s phosphate-buf-
fered saline supplemented with 5% fetal calf serum (PBS -+ 5% FCS) at room temperature, 14-16h
after the hCG injection. They were then treated with hyaluronidase (Pharmsia Co.), 0.lmg/mé in
PBS+5% FCS until the cumulus cells were removed and washed twice with fresh PBS + 5% FCS.

While, after the hCG injection, the other females were paired with males of a similar strain

(approxi. 8-15 weeks), and inspected the next day for copulation plugs.

Freezing

PBS + 5% FCS containing (1)-a 10% glycerol and 0.25M sucrose or (1)-b 1.5M dimethylsulpho-
xide (DMSO) and 0.25M sucrose was added concentration (5-minute interval) at room tempera-
ture. Eggs were pipetted into 0.25 ml plastic insemination straw (Fujihira Inc. Tokyo, Japan) which

was heat-sealed.



The eggs were frozen with a computerized, staged freezing apparatus (CRYOEMBRYO-PSP-
HOXAN, Japan). The temperature was reduced from 25C to -5C at the rate of 1C /minute, and
they were held at -5C for 5 minutes to allow seeding to take place. After seeding, the samples were
cooled to -35C at the rate of 0.3°C/minute and held at -35C for 5 minutes before being transferred

into liquid nitrogen.

Tawing

The eggs were thawed in a 37°C water bath. Subsequently, PBS + 5% FCS equlibrated was
added to dilute these cryoprotectans in 0.5M sucrose at (2)-a one-step or (2)-b 5-step interval. The
first dilution method was 5-step dilution at 5 minutes in 0.5M sucrose, the other was one-step dilu-
tion in 0.5M sucrose. All eggs recovered after experimental treatments were cultured inspective of
assesment of egg viability.

The frozen-thawed unfertilized eggs were fertilized in vitro by the microdrop method in a mod-
ified Krebs-Ringer bicarbonate medium at 37°C under gas-phase of 5%CO2 in air. Two-cell embryos
were cleaved for 24 hr. While the frozen-thawed 8-or 16-cell embryos were cultured for 72 hr and
development to the expanded blastocyst stage, used as the end point for each experiment, was asses-

sed.

Statistical analysis

Comparisons between proportions were perfomed with the chi-square test.

Results

The frozen-thawed oocytes and control freshly collected oocytes (14-16h after hCG) were
added directly to the sperm suspension after incubation for 5-6h in modified Krebs-Ringer bicarbon-
ate (m-KRB) at 37C in 5% CO; in air, the oocytes were recovered and washed in modified Whit-
ten’s medium. While the frozen-thawed 8-or 16-embryos and control freshly collected embryos

(68-72h after mating) were recovered and washed in modified Whitten’s medium at 37°C in 5%
CO; in air.

The highest survival rate of unfertilized mouse eggs was obtained when the freezing medium
contained 1.5M DMSO + 0.25M sucrose and 5-step sucrose dilution method was used. The survival
rate by this method was significantly higher than the other three methods. The highest survival rate
of frozen-thawed 8-cell embryos was obtained when the freezing medium contained. 10% glycerol +
0.25M sucrose and one-step sucrose dilution method was used. However, there was no significant

difference in survival rate of fertilized embryos among the four methods.



Discussion

It is uncertain how survival is achieved by 5-step sucrose dilution method on unfertilized mouse
eggs. The use of sucrose is relatively impermeable to unfertillized eggs of fertilized embryos and
causes cellular dehydration as an extracellulal solution. The exposure to DMSO necessary before
freezing suggests that a combination of partial dehydration by sucrose and DMSO and partial
penetration of the unfertilized eggs by DMSO enables the cells to slowcool to -196°C without the
formation of lethal intracellular ice.

Cooling and thawing condition should be adapted to the stage of development of the embryos to
obtain good survival.

The results demonstrated that the survival of slow frozed unfertilized oocytes are dependent on
the dilution method of cryoprotectant. Osmotic, histochemical and cytogenetic studies are in progress

to investigate this effect further.
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SOD W b PR PEIER 2 BT A2 LB R L, 727 AITHB W T r-h SOD &5 T,
KEDD 1 BHE 4 B 5ES PN LETH ), RDBVIHIFELRT I EMHALL, 2
i< 2BV T r-h SOD OFERHAFHI.2oBEB I LItk B LEZ 5N, PEG SOD id r-
hSOD & Wb EL., WhHAEREAEL Ty A EHIMEER O RHIC I 2 @5 HFLET
Hotz, 2O SOD VTR SHIMPEIER 2 FT 5 2 & X0, EHBR TN LA S 0l
KR BB L FOBE YRR ERT 2BERERIC & o THIRMEIA S & 2 TREMEATRIR
AN, FPERIHEIC L > THEONZIBEIFIIBVTZEORNE, THEBIUEHETFTRE
BHBEOFNLDORLEXDO AP o722 L, EHIZWT RO SOD O IFFEFITHERENENT &
LY REHSBEEKIC X 2HEBHHHL CH L TREIEWEZE R O, T v MIBW T PEG-
SOD # vy, ¥V ALY ELIHFELIIHHARO o NI NPEWREI L 2L 0P EAR
BHThbH, TEEBRE L ThCGHSHNIZH SOD 2% 5 LA R LB IHEIIERO o e h o
7o EHIZSODHEHE, BEER EAHAER TCATOEREMEERO oMo 12
PGs B & % DA RIAERIR 512 X 2 HEIRFNn S8R & B L TIfIER AR, LA LRI S 1 PGs
% &tr mediater @ trigger & L TIEUBEIEELRE LR T B TE Y, SROERERL
FETDH, TNIEMLEEEREB L U2 OEEEFBO—EH TH 5 superoxide radical & SOD DA
DR 7T T+ 45 Tk . #OMD scavenger system HES L T A WREM* HEEL T3
D EFABICEEBREOIIINNICB I ZEENRKE,POER P 2 I LICL D LRI D, FEIPH
HoED 505 SOD OFGEEH A hCG 5 HED S 4 BEHZ TH h 5D SOD DFBEIHFEFIC
Bk, SIRSII BV UESEES L U2 0EERBIIREEOBD TREICKEEL T
VHEER SN,

—7F. BT BITA SOD O4A 2 L Tix Laloraya 512 & 5 NBT % ol L -8kt
MRS HRE SN TB Y, RSB EMR R IR EEIROL N L HEL T, 40



B4 b RO BRI R B ML B X UA BRI B b 58\ SOD I\ 2w, LaL
COFECBC TIHEBEFREITEC, DFLI TR 0 LES LRV, 22T, REHABSEN
BET% J v b Cu. Zn-SOD Wt ¥ 22 VTR L2 25, &40 SOD OSH - E4% 25
CEEHOEPICLI, 2% ) Mn-SOD 3BTRS B S & CREEICHBIE L, Cu. Zn-SOD
EE TR, B IPERR I S AT B 2 L ATHIBAL 72, —#RIC Cu. Zn-SOD ik
HAIC, Mo-SOD I Fa vy FYTOR MY vy 7 ARGEHFET L L ShTB Y EYHES X OEE
BT EABASE, BECLVELZLY, F0ABNERITSICHEBEI ATV ARV, BILE
Tix Cu, Zn-SOD FHHRELUACERAR—X, #, SAVV—LIZHET LIS TWAE LS
T &72%% Marklund 5 (EHERESME A IC & 5B D Cu, Zn-SOD DFEERHE L T2, FETF*E
FEL VBT 503 B Vv Tk T T ER AL WA O Cu, Zn-SOD BHEET
CEREEMEVER D, U, SIE LRMEED SOD L2V THORH Cit Mn BE U
Cu, Zn-SOD WHFNSFEL TBHHIIIF, SO SHMLBES L VAT S 2 L1t iZT 5
TV LSS, EFPLBICBIT2 5 » MIE T NBT BRI EWT, HIFE#OBER
I SOD {EHEDRFFTENBH S, & 512 ABCEICBW TS Cu, Zn-SOD TR OREM DIETEA
RO NIz, FEHRT v MIBWTHIIEOBETIIERL»IZ 2 OBEIIET T 2 20T iRE kI
BT 5 SOD D/ EERET 2 LBDH 24%, HEkHEiEL SOD OBES MM S 5, LIk X b HESp
BB\ THEEBE L SOD PAENEELET S 2 LARBE A, 5D MaSOD & Cu. Zn-
SODTRELZIEER*FOZ L FHEEIN,





