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INTRODUCTION

Many investigators have reported that mam-
malian embryos could be successfully cryo-
preserved (Whittingham er al., 1972; Friedler
et al., 1988; Kim ef al., 1996a). However, de-
velopmental capacity of cryopreserved oocytes
was still poor compared to that of embryonic
stages, because the cryopreservation method of
oocytes was not optimal resulting in overall
reduced survival and fertilization rates (Glenister
et gl., 1987). These failure may be due to zona

_87 -

hardening (Carroll et al., 1990), spindle disr-
uption (Aigner ef al, 1992) and chromosome
abnormality (Bouquet et al., 1992) by freezing.
Earlier studies on oocytes cryopreservation have
performed the slow or conventional cooling
procedures using dimethylsulfoxide (DMSO)
and 1,2-propanediol (Whittingham, 1972; Troun-
son and Kirby, 1989; Aigner et al., 1992). Re-
cently, ultra-rapid freezing and vitrification
which were rapid and simple freezing method
(Kola et al, 1988; Nakagata, 1989; Kono et
al., 1991) have been introduced in the oocytes
cryopreservation. Shaw ef al. (1991) reported



high development rates of vitrified-thawed mouse
oocytes after fertilization in vitro. Successful
vitrification requires a high concentration of
cryopreservation and optimal freezing pro-
cedure that minimize both osmotic damage
and chemical toxicity.

Kim et al. (1996a) reported that mouse zy-
gotes could be vitrified by EFS40 which based
on 40% ethylene glycol which exposed to EFS
40 for 30 sec. However, unfertilized oocytes of
mouse have lower permeability to cryopro-
tectant, thus sufficient time for the cryopro-
tectant to permeate into the cells is need
(Rayos et al., 1994).

Therefore, this study was conducted to
select the opfimal vitrification solution to main-
tain the survival of mouse oocytes. In vitro/in
vivo development and cell number of cryopre-
served mouse oocytes using selected vitrification
solution were examined.

MATERIALS AND METHODS
1. Production of zygotes in vitro

Superovulated mouse oocytes were obtained
from CS57BL/CBA F1 hybrid female mice by
7.5 1U PMSG and 7.5 IU hCG 48 hr apart.
Cumulus cells were removed by incubating in
M2 medium containing 0.03% hyaluronidase.
The denuded oocytes were washed three times
and pooled in fresh M2 medium before vit-
rification or fertilization in vitro.

2. Experimental groups

Oocytes with normal morphology were dis-
tributed to three experimental groups. The first
group was served as a control. The second
group was put through the same procedure as
vitrification except being plunged into liquid
nitrogen (LN) (exposed). The third group was
vitrified using the procedure described below.

3. Vitrification and thawing

QOocytes were frozen according to our mod-
ified protocol described by Kim ef al. (1996a).
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All freezing solution were made with M2 con-
taining 10% FBS, and manipulations were car-
ried out at 257 room temperature. Vitrification
solution (VS) was used EFS (ethylene glycol,
18% ficoll and 0.5 M sucrose in M2 medium).
The cumulus-free mouse oocytes were first ex-
posed to 10% ethylene glycol (EG) for 10 min.
Then, oocytes were transferred individual EFS
consisting of 30, 35 and 40% BG for 30 sec
before being plunged into LN,. Vitrified sam-
ples were warmed in a 25C water bath; then
cryoprotectant was removed by two-step methods
which oocytes were exposed to 0.5 M sucrose-
M2 medium and M2 medium for 5 min at
257, respectively and then transferred to
fresh M2 medium for 10 min at 37C.

4, Assessment of in vitrofin vivo develop-
ment

Morphologically normal eggs at 1 hr after
thawing or exposure were underwent in-
semination in vitro with epididymal sperm (1-
2x10%ml) in M16 medium. After being in-
cubated for 6 hr, some oocytes were stained
by hoechst for the assessment of fertilization.
Also, the remainders were cultured and scored
the cleavage rates to the two-cells stage at 24
hr after insemination. Development to the blas-
tocysts was assessed at day 4 after insemination.
And some of these blastocysts were transf-
erred to the uterus of day 3 pseudopregnant fe-
male ICR recipients. The recipients were kill-
ed on day 15 of pregnancy and the number of
live and resorbing fetuses as well as the im-
plantation sites were determined.

5. Inner cell mass ICM) and trophectoderm
(TE) cell count

Day 5 cultured embryos were stained as des-
cribed by Kim et al. (1996b). The cell numb-
ers of ICM and TE cell in vitrified-thawed em-
bryos by differential labelling of the nuclei
with immunosurgery and polynucleotide-spec-
ific fluorochromes were compared to that of
exposed and control.



6. Data analysis

All the experiments were repeated at least

three times. Data were analyzed by chi-square
tests.

RESULTS

1. Effect of ethylene glycol concentration
on development

To select the optimal vitrification solution of
mouse oocytes, we examined the in vitro fer-
tilization and blastocysts formation of oocytes
vitrified to various EG levels (30, 35 and 40%).
The survival rates at EFS30, 35 and 40 were
95.5, 94.3 and 20.8%, respectively (Table 1). The
cleavage and blastocysts formation of EFS30
and 35 were significantly higher than those of

EFS40 (p<0.01). No significant difference were
between EFS30 and EFS35. However, higher
fertilization and blastocysts formation rates
were obtained in EFS35 than in EFS30. There-
fore, in the following experiment, oocytes were
vitrified in EFS35

2. Fertilization rates

The results of sperm penetration into the
oocytes at 6 hr after insemination were sum-
marized in Table 2. The pronuclear rates of vit-
rified oocytes were significantly lower than
those of control oocytes (p<0.05). But there
were not significant differences between con-
trol and exposed group. Moreover, polyspermy
rates of vitrified group (28.9%) were sig-
nificantly higher than those of control (5.2%)
and exposed (9.3%) group.

Table 1. Survival of vitrified-thawed oocytes exposed to EFS30, 35, 40 vitrification solution

No. of vitrified

No. of survived No. of inseminated

No. of embryos (%)

Treat.

oocytes OOC)’IGS oocytes 2-cell Day 4 blastocyst
EFS30 155 148 (95.5) 141 43 (30.5)° 30 (70.0)
EFS35 157 148 (94.3)° 148 71 (48.0)" 55 (77.5)
EFS40 125 26 (20.8)° 24 3 (12.5) 2 (66.7)

wb Superscripts were significantly different within the same column (p<0.01)

Table 2. Fertilization of vitrified and exposed mouse oocytes in EFS35

No. of examined

No. of oocytes fertilized

T Mean no. of
reatment

oocytes Total 2PN Polyspermic sperm/oocyte
Control 83 58 (69.9) 55 (66.3) 3 52 1.1
Exposed 85 54 (63.5) 49 (577 5 (93 1.2
Vitrified 83 45 (54.2) 28 (33.7) 13 (28.9) 1.6
a,z Superscripts were significantly different within the same column (p<0.05)
“* Superscripts were significantly different within the same column (p<0.01)

Table 3. In vitro development of mouse oocytes vitrified in EFS35
Treat. ~ No- of examined No. of survived No. of inseminated No. of (%)

' oocytes oocytes (%) oocytes 2-cell Day 4 blastocyst
Control 110 " 110 (100) 110 75 (68.2)° 60 (80.0)
Exposed 110 108 (98.2) 100 60 (60.0)*° 44 (73.3)
Vitrified 110 101 (91.8) 94 48 (51.1¢° 36 (75.0)

*® Superscripts were significantly different within the same column (p<0.05)
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3. In vitro development

The cleavage rates of vitrified oocytes (51.1%)
(Table 3) were significantly lower than those
of control and exposed (68.2, 60.0%) (p<0.05).
However, 75.0% of cleaved embryos in vit-
rified group developed to the blastocysts stages
at day 4 after insemination. This data was sim-
ilar to that of control and exposed (80.0, 73.3%).

4. Number of ICM and TE cell per blas-
tocysts

To evaluate embryo qualities, day 5 blas-
tocysts were fixed for counting their number
of ICM and TE cell. The counts of total and
ICM/TE cell number using differential la-
belling are summarized in Table 3. There were
no significant differences in the number of total
cell among fresh cultured blastocysts (100.9+
4.8), exposed (98.5+5.3) and vitrified (92.5+
2.9). Also, the ICM and TE cell number among
groups was not different.

5. In vivo development

The development in vivo after embryo transf-
er of blastocysts derived from vitrified oocytes

Table 4. Numbers of ICM and TE cell of day 5
blastocysts derived from vitrified oocytes

Cell number
No. of total cell

Treatment (Mean-+S.E.) (Mean+S.E.)
ICM TE
Control 100.9+4.8 19.1+1.7 81.843.7
Exposed 98.5+5.3 185+14 78.5+5.0
Vitrified 92.5+29 17.5+£1.0 74927

S.E.: standard error, ICM: inner cell mass
TE: trophectoderm cell

and of control blastocysts is shown in Table 5.
The blastocysts derived from vitrified-thawed
oocytes that developed to live fetuses (50.7%)
on 15 day were similar to those from control
(58.2%). Moreover, the implantation rate of vit-
rified (80.0%) was not significantly different
from that of control (78.2%).

DISCUSSION

The EG as a cryoprotectant was first ex-
amined by Miyamoto and Ishibashi (1994)
who found that embryos frozen in EG showed
survival rates that were equal to or higher than
embryos frozen in DMSO. In this study, more
than 90% of the frozen oocytes were recovered
and survived in EFS30 and 35 after thawing,
but most of oocytes were lysed immediately in
EFS40 (Table 1). When the straw vitrified in
EFS30 was thawed, vitrified glass of the EFS
30 droplet becomes temporarily opaque during
warming which is an indication of dev-
itrification (ice formation). It causes thermal
stress to oocytes. Forty percent EG cause lysis
of oocytes. Prolonged exposuré of oocytes to
high EG concentration caused bleb formations
on the embryos (Hotamisligil et al., 1996).
Rayos et al. (1994) reported that ethylene
glycol in combination with either sucrose or
trehalose can be used effectively in the quick
freezing of unfertilized mouse oocytes.

A number of studies have suggested that
cooling of unfertilized oocytes, even'to room
temperature, may impair their ability to be fer-
tilized and developed normally (Glenister et al.,
1987; Wood et al, 1992). In the study re-
ported here, we obtained a high mean per-

Table 5. In vivo development of blastocysts derived from vitrified mouse oocytes

No. of transferred

Treat. No. of pregnant blastocyst No. of Day 15 of gestation (%)
recipient (%)
Total PR Live fetuses  Resorption site Total implantation
Control 10/13 (76.9) 73 55 32 (58.2) 11 (20.0) 43 (78.2)
Vitrified ~ 10/12 (83.3) 87 75 38 (50.7) 22 (29.3) 60 (80.0)

PR: Pregnant recipient



centages of morphologically normal oocytes
{over 90%). Although a high survival rate was
obtained, we reported a mean percentages of
two-cells that was lower than exposed and con-
trol. In addition, polyspermy was significantly
increased in vitrified group. Carroll et al
(1990) reported an increased frequency of po-
lyploidy in frozen-thawed oocytes compared
with the non-frozen control. They explained
that this was caused mainly by the retention of
the second polar body. Also, an increased fre-
quency of polyploidy may be due to po-
lyspermy (Rayos et al, 1994). However, the
development rate of vitrified-thawed oocytes
to the blastocysts stage after in vitro fer-
tilization was not significantly different com-
pared to that of exposed and control. It has
been reported that cooling of oocytes, ex-

posure to vitrification solution can have a zo-

na-hardening and fertilization-decreasing effect
(Johnson et al., 1988; Wood et al., 1992). Since
exposure to the cryoprotectant did not de-
crease fertilization rates in our study, it is pos-
sible that the fertilization decreasing effect is
related to variations in the freezing itself.

We also performed comparing ICM and TE
cell number in control (19.14+1.7, 81.8£3.7),
exposed (18.5+1.4, 78.545.0) and vitrified
group (17.54+1.0, 74.942.7). There were no
differences among groups. Live normal fetuses
on day 15 obtained after transfer of blastocysts
derived from frozen-thawed oocytes were sim-
ilar to those of control. These results de-
monstrated that blastocysts derived from fro-
zen-thawed oocytes had not lost their ability
to enter mitotic division. Moreover, the im-
plantation rates and live fetus rates to the blas-
tocysts obtained from vitrified-thawed oocytes
that were inseminated and cultured in vitro
were similar to those of control (Table 5).
This finding was inconsistent with reports by
Van der Elst et al. (1993), who showed that ul-
trarapid freezing induced abnormal fetus.

In conclusion, mouse unfertilized oocytes
were cryopreserved by in this proposed vit-
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rification method which used ethylene glycol
(EFS35). However, further study should be
necessitated to increase fertilization rates and
find more suitable method. Overall, the results
presented here suggest that vitrification could
be an acceptable method for cryopreservation
of unfertilized ova.

SUMMARY

This study was carried out to investigate in
vitro/in vivo development of vitrified mouse
oocytes. Mouse oocytes were vitrified using
EFS30, 35 and 40 (30, 35 and 40% ethylene
glycol, 18% ficoll and 0.5 M sucrose in M2
medium). After being exposed or vitrified-
thawed, oocytes of normal morphology were
inseminated in vitro by 1-2x10%ml of ep-
ididymal sperm. The rates of fertilization, in
vitrofin vivo development and cell number
(inner cell mass and tropectoderm cell) of blas-
tocysts in each treatment group were examined.
The results obtained in these experiments were
summarized as follows: The cleavage rates
were obtained in EFS35 containing 35% ethy-
lene glycol higher than in EFS30 and EFS40.
The development rate of vitrified-thawed
oocytes to two-cell stage after in vitro fer-
tilization (51.1%) was significantly different
compared to that of exposed to vitrification
solution without cooling (60.0%) and control
(68.2%) (p<0.05). However, there were no diff-
erences in the blastocyst formation from the
cleaved embryos among groups (75.0, 73.3
and 80.0%). Also, the mean number of cells
per blastocysts of vitrified group (92.5£2.9)
was similar to that of the exposed (98.5+5.3)
and control (100.94-4.8). In vivo development
of the blastocysts derived from vitrified-thawed
oocytes resulted in fetal development (50.7%)
and implantation rates (80.0%) which are very
similar to those of control (582, 78.2%).
These results suggest that mouse oocytes could
be cryopreserved using vitrification solution
(EFS35) based on ethylene glycol.
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