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decades (Whittingham et al., 1972). In recent
T.INTRODUCTION years, attention has been focused on vitrifi-

cation as a simple and rapid alternative to the

Preservation of oocytes and embryos at vari- conventional  freezing methods for
ous developmental stages has been established cryopreservation of mammalian embryos (Fahy
by cryopreservation methods for last two et al., 1984).
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Vitrification could be avoid the potential risk
of cellular injury caused by the formation of in-
tracellular ice. In 1985, Rall and Fahy reported
the first instance of successful vitrification of
8-cell mouse embryos. The vitrification solution
they used (VS1) was based on dimethyl sulfox-
ide (DMSO) supplemented with acetamide, pro-
pylene glycol and polyethylene glycol as cryop-
rotectants. This method was applied to the
cryopreservation mouse oocytes and embryos at
various developmental stages (l-cell, 2-cell,
4-cell, 8-cell, blastocyst) (Hsu et al., 1986; Kono
and Tsunoda, 1987: Matsumoto et al., 1987).
However, the initial vitrification solution (VS1)
was highly toxic and embryos must be exposed
to this solution at 4C.

Kasai et al. (1990) reported that mouse mor-
ula could be vitrified by a simple method. It was
showed that a new vitrification solution, EFS40,
based on ethylene glycol which permeates the
cell rapidly and has low toxicity. This simple
method developed for morula was examined to
determine whether it was effective for mouse
embryos at other developmental stages. It has
been demonstrated suitable conditions for the
vitrification of zona-intact mouse blastocysts
using either an ethylene glycol-based solution
(Zhu et al., 1993) or a glycerol-based solution
(Zhu et al.,, 1994). Also, they achieved vitrifi-
cation of hatched mouse blastocysts (Zhu et al.,
1996). Indeed, modifications of the original vitri-
fication technique or a simple vitrification sol-
ution were used in other species, pig or bovine
embryos produced in wvitro (Dobrinsky et al.,
1994:; Kuwayama et al., 1994).

However, it is not known whether this simple
method is also effective for use on mouse zygot-
es, at stages other than the morula stage. Ther-
efore, these experiments were conducted to de-
termine the conditions for successful and ef-

ficient cryopreservation of mouse zygotes with 2

pronuclei, using simple vitrification procedures

in an ethylene glycol-based solution,

I. MATERIALS AND METHODS

1. Production of zygotes in vitro

Hybrid F, female mice (4~6 weeks old) from
C57BL /6 x CBA/N were superovulated by
intraperitoneal (i.p.) injection of 5 I.U. preg-
nant mare serum gonadotrophin (PMSG ; Sig-
ma), followed by 5 I.U. human chorionic gon-
adotrophin (hCG ; Sigma) 50 h later. The cum-
ulus-oocyte complexes (COCs) recovered by
tearing the oviducts with medium M2 at 13.5 hr
after hCG injection. After pre-incubation for 30
min., capacitated sperm were inseminated with
COCs. After in wvitro fertilization, the embryos
were cultured in M16 medium for 4~12 hrs,
Zygotes, 2 pronuclei and second polar body for-
med, were used in experiment for vitrification

during in vitro culture (Fig. 1A).

2 Vitrification solutions

The wvitrification solution, EFS40, described
by Zhu et al. (1993) was used in the present
experiments. This solution was prepared as 40%
(v /v) ethylene glycol (Sigma) in modified Dul-
becco’s phosphate-buffered saline (mDPBS, Gib-
co BRL) containing 30% (w /v) Ficoll 70 (aver-
age molecular weight 70,000, Sigma) plus 0.5 M
sucrose (Sigma). 20% (v /v) ethylene glycol
(20% EG) in mDPBS was used as an equili-

bration solution,

3. Vitrification studies

The 0.25 ml french straws (I.M.V., Laigle)
were loaded vitrification solution and 0.5 M su-
crose solution at room temperature (25°C) by
suction with a syringe. All embryos were treat-
ed in a room at 25C. Embryos were vitrified by

modification of procedures outlined by Kim et
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al. (1996 a,b). In the one-step method, zygotes
were first suspended in EFS40 and then trans-
ferred to the straw for 1 min. In the two-step
method, embryos were equilibrated with PBS
medium containing 20% EG for 1, 3, 5 min. and
exposed in EFS40 for 1min, For vitrification, the
first part of the straw filled with sucrose (4 cm)
was slowly immersed into liquid nitrogen(ILN,) ;
the remaining part of the straw was then plun-
ged into LN,,

4. Thawing and assessment of survival

After a few days of storage in LLN,, the straws
were placed in air for 3 sec. and then warmed
rapidly in water bath at 257C. The contents of
each straw were expelled into dish containing
0.8 ml of DPBS containing 0.75 M sucrose
(S-DPBS) by pushing the cotton plug and then
put into fresh 0.75 M S-DPBS for 4 min. The

embryos were transferred to 0.5 M, 0.25 M
S-DPBS for 3 mun., respectively. Finally, after
recovery in fresh DPBS for 5 min., zygotes were
cultured in a 50 ul droplet of M16 medium sup-
plemented with 4 mg /ml BSA. In all experi-
ments, dilution was performed at room tempera-
ture (25%¢). Survival rate after warming was
examined as cleavage rate to the 2-cell stage
after 24 hours of culture (Fig. 1B). The devel-
opment of 2-cell was assessed by their ability to
develop into blastocysts at day 4 (Fig. 1C) and
hatching blastocysts at day 5 culture (Fig. 1D),

5. Experimental design

Experiment 1. Production of 1-cell embryos
with 2 pronuclei
To determine the optimal time for collection

of zygotes with 2 pronuclei and second polar

Fig. 1. Morphology of mouse embryos; A: Zygotes before vitrification, B: 2-cell at 24 h, C: Blastoc-
ysts at 4 day, D: Hatching blastocysts at 5 day culture after thawing (< 300).
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body, embryos were examined at 18 to 26 hr
after hCG injection in vivo and in vitro. Zygotes
of poor quality were discarded and these of good

quality were used in individual experiments.

Experiment 2. Embryo development in vitro
on various vitrification methods

In wvitro produced zygotes were vitrified by
two methods. First, zygotes were directly ex-
posed to the vitrification solution (EFS40) at
257¢ for 1 min. Second, embryos were equilibrat-
ed with a dilute 20% EG for 1, 3, 5 min, before a
1 min. exposure to EFS40. After warming and
dilution, the vitrified embryos were cultured in

M16 up to the blastocyst stages.

Experiment 3. The effects of exposure time
in EFS40

We assessed the effects of the exposure time
(30, 60, 90, 120 sec.) to the vitrification solution
(EFS40) to investigate whether greater per-
meation of the cryoprotectant would improve

developmental rate.

Experiment 4. The Total and ICM cell counts
of blastocysts developed in vitrified-thawed
embryos.

Fresh and vitrified day-4 cultured embryos
were stained as described by Kim et al. (1996).
The cell numbers of Total and ICM in vitri-
fied-thawed embryos by differential labelling of
the nuclei with immunosurgery and polynuceot-
ide-specific fluorochromes were compared to

that of control.

6. Statistics

Survival rate of each treatment was compared
with that in the control group, with Chi-square
test using SAS Institute software and T-test,

. RESULTS

1. Production of 1-cell embryos with 2 pron-
uclei

To determine the optimal time for collection
of zygotes with 2 pronuclei and second polar
body, embyos were examined at 18~26 hr after
hCG injection in viwo and in vitro. After hCG 1n-
jection at 22~24 h, about over 85% of recovered
zygotes by IVF were used in this serial experi-

ments.

2. Embryo development in vitro on various
vitrification methods
The survival of zygotes was assessed by the
cleavage into 2-cell and 2-cell was cultured into
blastocysts at day 4 and hatching blastocysts at
day 5. As shown in Table 1, the survival of em-
bryos that were vitrified with two methods was
compared to that of control embryos. All of the
vitrified groups displayed significantly reduced
viahility when compared to control (42.5%), ex-
cept one-step method. In the one-step method,
the survival rate was obtained 85.5 % and 31.9%
of 2-cells were developed to hatching blastoc-
ysts. However, by the two-step method, the sur-
vival rate was 65.4~29.6%. Subsequently, when
zygotes were only exposed in EFS40, the rates
of cleavage and development were significantly
higher than that of others.
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Fig. 2. Percentage of fertilized eggs with two
pronuclei following time course after
hCG administration.
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eloping to hatching blastocyst. A 90 and 120

3. The effects of exposure time in EFS40 sec. of exposure time resulted in dramatically
To examine the effect of the exposure time on reduced survival and developmental rates com-
vitrification solution, zygotes were exposed for pared to the shorter exposure time,
30, 60, 90, 120 sec. in EFS 40. As shown in T-
able 2, the optimum exposure time was found to 4. The Total and ICM cell counts of blasto-
be 30 sec., giving 95.9% cleavage rate and an cysts developed in vitrified-thawed embryos
overall rate of 63.8% of vitrified zygotes dev- To evaluate embryo qualities, blastocysts de-

Table 1. Survival in vitro of mouse zygote vitrified after various treatments

Exposure time (min) No. of Development
Treatment - : -
20% EG EFS40 zygotes 2-cell (D1) > BL (D4) > Hing (D5)
40* 27° 172
Control - - “ (90.9) (67.5) (42.5)
Vitrified 474 25 15%
(one-step) B ! 5 (85.5) (53.2) (31.9)
Vitrified 34° 15 6
(two-step) 1 1 52 (65.4) (44.1) (17.7)
30 3d 1¢
3 L %6 (53.6) (10.0) (3.3)
16°
5 1 54 (29.6) o 0!

#dDifferent superscripts within column were significantly different (p<0.05).

Table 2. Survival of mouse zygotes according to exposure time at EFS40

Treatment  Exposure time No. of Development L
(sec.) EFS40 zygotes 2-cell (D1) > BL (D4) > Hing (D5)
Control - 40 407 (100.0) 37 (92.5) 307 (75.0)
Vitrified 30 49 472 (95.9) 32° (68.1) 30 (63.8)
60 49 37° (72.4) 18° (48.7) 9° (24.3)
90 43 20° (46.5) 3¢ (15.0) 1€ (5.0)
120 33 11¢ (33.3) 3 (27.3) 1¢ (9.1)
ad Different superscripts within column were significantly different (p<0.05).
Table 3. Numbers of ICM and TE cell of vitrified-thawed blastocysts
Development Cell number
Treatment No. of 2-cell Blastocyst ICM Total
zygotes (D1) (D4) M+SEM  Proportion(%) (M+SEM)
50 49
Control 54 (92.6) (98.0) 12.3£4.6 22.7 54.0+15.2
o 58 29
Vitrified 73 (79.5) (50.0) 13.5+4.0 21.4 63.2+16.9
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veloped from vitrified-thawed embryos were
stained by the differential labelling of Total and
ICM nuclei. The counts of Total and ICM cell
number using differential labelling are summar-
1zed in Table 3. There is no significantly differ-
ence in the number of total cell between day 4
fresh cultured blastocysts (54.0+15.2) and vitrif-
ied (63.2+16.9). This result demonstrates that
vitrified zygote could be normal development
into good quality blastocysts in wvitro. However,
in the proportion of ICM, control blastocysts
were slightly higher than vitrified embryos.

IV. DISCUSSION

Zygotes produced by IVFEF were vitrified by a
method of Kim et al.. (1996 a,b) with some mod-
ifications. Kim et al., (1996 b) reported a higher
survival rate (82.9~88.4%) of blastocyst by the
two-step vitrification method which exposes
blastocyst stage embryos in 20% EG for 5 min.
and then EFS 40 for 1 min, at 25C. However,
the zygotes differ structurally from the blastoc-
ysts with a large blastocoel. In the vitrification
of zygotes, the survival rate after two-step ex-
posure (65.4~29.6%) was decreased following
the pre-permeation time longer. The good sur-
vival rate was not obtained by a two-step met-
hod which enables pre-permeation, but by a
one-step method (85.5%), which exposes zygot-
es in EFS40 for 1 min. (Table 1). The present
result shows that mouse zygotes are more sensi-
tive to cryopreservation than blastocysts.

The EFS40 solution is based on ethylene gly-
col as the permeating cryoprotectant and two
non-permeating agents, Ficoll and sucrose.
Although ethylene glycol is less commonly used
for embryo freezing than DMSO and glycerol,
the present study indicates that it has an advan-
tage of lower toxicity (Miyake et al., 1993). For

successful embryo preservation by vitrification,

permeation of cryoprotectant is considered es-
sential and its exposure time affects on the sur-
vival of embryos. Therefore, the exposure time
of the embryo to the vitrification solution needs
to be optimal to allow a sufficient amount of the
cryoprotectant to permeate into the embryo and
to avoid any toxic effects (Shaw et al., 1992:
Ali and Shelton, 1993a,b). In the study reported
here, we found that survival rate of embryos
after wvitrification decreased following to ex-
posure time longer (90, 120 sec.). The maximum
survival rate obtained in the one-step wvitrifi-
cation method was 95.9% with 30 sec. of ex-
posure to EFS40 at 25C (Table 2). And devel-
opmental rates into hatching blastocysts of thes-
e embryos (63.8%) were significantly higher
than those exposed for 60, 90, 120 sec. (24.3, 5.
0, 9.1%), respectively. In various exposure time
of vitrification methods, Nakagata (1989) sug-
gested that exposure time requires the shortest
period (only 5 to 15 sec.) for pretreatment of
embryos before rapid cooling. However, his met-
hod is less practical than other, since survival
rate drops sharply if pretreatment takes longer
than 10 to 15 sec. In practice, 30 sec. is enough
time to pretreat embryos for suspending them in
vitrification solutton and loading into a straw be-
fore plunging them into LN,.

Although survival and developmental rates of
embryos were reduced by vitrification compared
to those of control, cell number of developed vit-
rified-thawed embryos was not significantly dif-
ference compared to that of control. In addition,
cryopreservation of mammalian zygotes has po-
tential value for producing transgenic mice or
application of human embryos. Considering the
simplicity of the procedure, the high levels of
embryonic survival and development, this vitri-
fication method with EFS solution should be
suitable for zygotes stages. The present resuit

shows that it is also possible cryopreservation of
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any other species.

V.SUMMARY

This study was carried out to determine the
optimal condition for successful and efficient
cryopreservation of zygotes, 1-cell embryos, us-
ing EFS40 which was 40% (v /v) ethylene gly-

col diluted in DPBS medium containing 30% Fic-

oll (w/v) and 0.3 M sucrose. After mouse zy-
gote produced by I VF was vitrified by two freez
ing methods, the post-warming survival rates of
1-cell zygotes were assessed as cleavage to the
2-cell stage and development into the hatching
blastocysts at 5 day. In the one-step method,
when embryos were directly exposed to the vit-
rification solution at 25C for 1 min., survival
and development rates of zygotes were 85.5%
and 31.9% In the two-step method, embryos
were equilibrated with a dilute 20% EG for 1, 3,
5 min. before 1 min. exposure to EFS4(, re-
spectivaly., However, the rates of development
(17.7, 3.3, 0%) were lower than that of one-step
method. The highest survival rate (95,9%) was
obtained by one-step method which exposes em-
bryos in EFS40 for 30 sec. In this condition, 63.
8% of cleaved 2-cell developed into hatching
blastocysts. In the cell number of Total and
ICM using differential labelling technique, there
are no significant differences in the cell number
of Total and ICM between blastocysts devel-
oped in vitrified-thawed embryos (63.2+16.9,
13.5+4.0) and control balstocysts (54.0+15.2,
12.3+4.6). Therefore, these results show that
mouse zygotes can be successfully cryopres-
erved by a simple vitrification method although
developmental rates of vitrified embryos were
reduced. In conclusion, this proposed vitrifi-
cation procedures can be useful in the cryopres-

ervation of mouse I VF zygotes,

—125—

VI. REFERENCE

. Ali, J. and J. N. Shelton. 1993a. Vitrification

of preimplantation stages of mouse embryos.
J. Reprod. Fertil., 98:459-465.

. Ali, J. and J. N. Shelton. 1993b. Design of

vitrification solution for the cryopreservation
of embryos. J. Reprod. Fertil., 99:471-477.

. Dobrinsky, J. R. and L. A. Hohnson. 1994.

Cryopreservation of procine embryos by vit-
rification : a study of ix vitro development.
Theriogenology, 42:25-35.

. Fahy, G. M., D. R. MacFarlane, C. A. Angel-

l and H. T. Meryman. 1984. Vitrification as
an approach to cryopreservation. Cryobiol-
ogy, 21:407.

. Hsu, T., H. Yamakawa, J. Yamanoi and S,

Ogawa. 1986. survival and transfer test of
mouse early embryos frozen by vitrification
method. Jpn. J. Anim. Reprod., 32:106-109.

. Kasai, M., H. Komi, A. Takakamo, H. Tsud-

era, T. Sakurai and T. Machida. 1990. A sim-
ple method for mouse embryo cryopreserva-
tion in a low toxicity vitrification solution,
without appreciable loss of viability. J. Rep-
rod. Fertil,, 89:91-97.

. Kim, E. Y., S. E. Kim, S. J. Uhm, S. H.

Yoon, S. P. Park and J. H. Lim. 1996.
ICM-Trophectoderm cell numbers of mouse
IVF /1VC blastocysts. Kor, J. Animal. Rep-
ord., 23:25-32,

. Kim, S. E, S. J. Uhm, E. Y. Kim, S. H.

Yoon, S. P. Park and J. H. Lim. 1996a.
Cryopreservation of mouse IVF /IVC blastoc-
ysts by vitrification, Kor. J. Fertil. Steril.,
23:41-49.

. Kim, S, E,, S. J. Uhm, E. Y. Kim, S. H.

Yoon, S. P. Park and J. H. Lim. 1996b. Im-
provement of straw loading method on sur-

vival of mouse IVF /IVC blastocysts cryop-



10.

11

12.

13.

14.

15.

reserved by vitrification. Kor. J. Anim. Rep-

rod., 20:35-42.

Kono T. and Y. Tsunoda, 1987. Frozen stor-
age of mouse embryos by vitrification. Jpn.
J. Anim. Reprod., 33:77-81.

Kuwayama, M., M. Tasak and S. Hamano.
1994. In straw dilution of bovine IVF-blas-
tocysts cryopreserved by vitrification, Ther-
iogenology, 41:231.

Matsumoto, T., M. Ishiwata, J. Yamanoi, H.
Yamakawa, Y. Kondo, S. Kawate and S.
Ogawa, 1987. Effect of sucrose dilution on
survival of mouse early embryos after being
frozen by vitrificaiton method. Jpn. J.
Anim. Repord., 33:200-205.

Miyake, T., M. Kasai, S. E. Zhu, T. Sakurai
and T. Machida. 1993. Vitrification of mous-
e oocytes and embryos at various stages of
development in an ethylene glycol-based sol-
ution by a simple method. Theriogenology,
40:121-134.

Nakagata, N. 1989. Survival of 2-cell mouse
embryos derived from fertilization in witro
after ultrarapid freezing and thawing. Jpn.
J. Fertil. Steril., 34:470-473.

Rall, W. F. and G. M, Fahy. 1985. Ice-free

cryopreservation of mouse embryos at

16.

17.

18.

19.

20.

—126—

—196°C by vitrification, Nature, 313:573-
575.

Shaw, P. W., A. G. Bernard, B. J. Fuller, J.
H. Hunter and R. W. Shaw. 1992. Vitrifi-
cation of mouse oocytes using short cryop-
rotectant exposure: Effects of varying ex-
posure times on survival. Mol. Rep. Dev.,
33:210-214.

Whittingham, D. G., S. P. Leibo and P. Maz-
ur. 1972. Survival of mouse embryos frozen
to —196C and —2697C. Science, 178:411-
414.

Zhu, S. E., M. Kasai, H. Otoge, T. Sakurai
and T. Machida. 1993. Cryopreservation of
expanded mouse blastocysts by vitrification
In ethylene glycol-based solutions. J. Rep-
rod. Fertil., 98:139-145.

Zhu, S. E., T. Sakurai, K. Edashige, T. Mac-
hida and M. Kasai, 1994, Optimization of
the precedures for the vitrification of expan-
ded mouse blastocysts in glycerol-based sol-
utions J. Reprod. Develop., 40:293-300.

Zhu, S. E., T. Sakurai, K. Edshige, T. Mac-
hida and M. Kasai. 1996. Cryopreservation
of zona-hatched mouse blastocysts. J. Rep-
rod. Fertil., 107:37-42.



