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the unicellular pronuclear stage, at the mul-

INTRODUCTION ticellular cleavage stages or at the blastocyst

stage using different freezing protocols with

Cryopreservation has now become an es- either dimethylsulfoxide (DMSO), 1,2-propane-
sential assisted reproduction technique in hu- diol (PROH) or glycerol as cryoprotective age-
man in vitro fertilization (IVF) program for nts (Trounson and Mohr, 1983; Cohen et al.,
the patients to have the opportunity of preg- 1988; Feichtinger et al, 1991; Veek et al,
nancies from more than one embryo transfer 1993; Kaufmann et al., 1995). Also, for these
without having to be subjected to controlled developmental stages freezing method has
ovarian hyperstimulation and oocyte retrieval mainly employed slow controlled-rate cooling
each time (Abbeel et al., 1997; Baker, 1997). (Friedler et al., 1988). These methods require
Human embryos have been cryopreserved at expensive equipment and arc time-consuming.
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However, to elude these disadvantages, simpl-
er and faster freezing methods have been de-
veloped such as vitrification (Rall and Fahy,
1985) and ultra-rapid freezing (Trounson et al.,
1987). In addition, several pregnancies by ultra-
rapid freezing were reported in human (Troun-
son, 1990; Barg and Feichtinger., 1990; Gordts
et al., 1990; Feichtinger et al, 1991). On the
other hand, Martino et al., (1996) demonstrated
that highly developmental capacity of bovine
oocytes can be obtained by a new ultra-rapid
freezing method using electron microscope (EM)
grids. This fact was proved in our results
(Kim et al., 1998a,b). Based on these data, we
tested whether the developmental capacity of
human multi-pronuclear (PN) zygotes after ultra-
rapid freezing using EM grids can be main-
tained.

MATERIALS AND METHODS
1. Recovery of human multi-PN zygotes

Human abnormally fertilized oocytes were
obtained from patients undergoing IVF. Briefly,
the patients, after pituitary-gonadal suppression
with a luteinizing hormone releasing hormone
(LHRH) agonist (Buserelin, Hoechst), were sti-
mulated with gonadotrophin (FSH/hMG or
bMG alone) followed by the administration of
human chorionic gonadotrophin (hCG; Hume-
gon, Organon) for final stage of follicular ma-
turation. Preovulatory oocytes were retrieved at
34~36 h after hCG injection, cultured and in-
seminated with final concentration of 1x10°
sperm/mi. PN zygote was determined 16~18 h
after insemination for the presence and numb-
er of pronuclei, and polyspermic zygotes ex-
hibiting more than two pronuclei (multi-PN zy-
gotes) were separated from normal fertilized
oocytes to be utilized for the study. Also, the
multi-PN zygotes were divided into the three-
PN (3PN) zygotes or more than 3PN zygotes
(= 4PN).

2. Ultra-rapid freezing

The procedure used to freeze the mult-PN
zygotes was the same as described in previous
study (Kim et al., 1998a, b). This experiment
has two specific factors. Firstly, electron mi-
croscope grids (EM grids, Pelco international)
were used as a physical support to achieve
very high cooling rates when it was plunged
into liquid nitrogen (LN). Secondly, as frecz-
ing solution, EFS30 which containing of 30%
ethylene glycol, 18% ficoll, 0.5 M sucrose and
10% FBS added D-PBS was used. A mean
number of multi-PN zygotes loaded on one
grid were about 5. Freezing was undertaken at
22-24 h after insemination. The total time that
elapsed from the immersion of multi-PN zy-
gotes to cryoprotectants to the plunge of grid
loaded multi-PN zygotes into LN; was about
30 sec.

3. Thawing and in vitro culture

For the thawing, cryoprotectants were re-
moved by 3-step procedures at 37°C. The grids
were transferred as soon as possible rapidly
into 0.5 M sucrose (S) diluted in PBS. And
then they were transferred into 0.25 MS-PBS
and 0.125 MS-PBS. Each step needs for 1 min.
After 3 min., recovered multi-PN zygotes were
washed and co-cultured in cumulus cell mono-
layer drop added m-CR1 medium (Park et al.,
1996) supplemented with 10% FBS.

4. Evaluation of frozen-thawed multi-PN
zygote

To analyse the cryoinjury according to freez-
ing and thawing of multi-PN zygotes, survival,
cleavage and blastocyst formation were exam-
ined (Fig. 1). Embryo survival was defined as
the percentages of recovered embryos that were
morphologically intact after thawing and sub-
sequent dilution of the cryoprotectant. Espe-
cially, passage through syngamy to the first
cleavage was as an indicator of developmental
potential of frozen-thawed multi-PN zygotes.
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Fig. 1. In vitro developmental morphology of hu-
man multi-PN zygotes after freezing and thawing ul-
tra rapidly. (A) Multi-PN zygotes just before freez-
ing (B) Cleaved embryos at 24 h after thawing. It
showed also uncleaved multi-PN zygotes. (C) Early
or hatching blastocyst developed from multi-PN zy-
gotes at day 6 after thawing. x200.

Final assessment of developmental capacity in
this study was determined with blastocyst for-
mation at day 6 after IVF.

5. Statistical analysis

Difference in the rates of survival and de-
velopment among treatment group was com-
pared using the Chi-square test (p<0.05).

RESULTS

The survival of the human multi-PN zygotes
and the corresponding development rates after
ultra-rapid freezing using EM grid are shown
in Table 1. When the multi-PN zygotes were
uitra rapidly frozen and thawed, the survival
rates were all high in two groups (3PN; 81.4%
and >4PN; 95.8%). In PN number, cleavage
rates between control and freezing group were
not significantly different in each group (3PN;
81.3% & 85.4% and >4PN; 90.0% & 95.7%).
In addition, when the in vitfro development
rates after thawing were examined on day 6
post insemination, total in vitro development
potential of multi-PN zygotes after ultra-rapid
freezing (15.9%) was indicated significantly
lower than that of control multi-PN zygotes
(40.9%) (p<0.05). However, the development
result of freezing 3PN group (22.0%) was not
differed to that of control 3PN group (38.5%),
although freezing >4PN group (4.5%) was
significantly lower than control >4PN group
(44.4%) (p<0.05).

DISCUSSION

Since the first report on a pregnancy from a
frozen-thawed human embryo (Trounson and
Mohr, 1983) and the first recorded birth after
such a transfer (Zeilmaker et al., 1984), many
IVF groups have worked out their standards
for a cryopreservation program. However, the
results obtained are still cleary worse than with
fresh embryos or in comparison with other
mammalian species. In addition, there is no
doubt that there is a marked advantage of ultra-
rapid freezing when compared to conventional
slow freezing methods in terms of cost and
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Table 1. Cryopreservation of human multi-PN zygotes by ultra-rapid freezing using EM grid

Treat No. of Repli. No.. of No. of cleaved No. of blastocyst™ (on day6)
3-or 4PN survived  (on day2)  Cayitation  >ErB Total
3PN 16 2 13 (81.3) 2 3 5 (38.5)
Control  >4PN 10 9 (90.0) 1 3 4 (44.4y
Total 26 4 22 (84.6) 3 6 9 (40.9F
3PN 59 11 43 (81.4) 41 (85.4) 6 3 9 (22.00"
Freezing =4PN 24 7 23 (95.8) 22 (95.7) 1 1(45)
Total 83 18 71 (85.5) 63 (88.7) 6 4 10 (15.9Y

"Blastocyst was defined as blastocoel cavity formation, **ErB; Early blastocyst
**4 Means in the column without common superscripts are significantly different (p<0.05)

time. Human embryos have been frozen ul-
trarapidly in media containing 2.0~3.0 M
DMSO and 0.24~0.5 M sucrose with high
rates of survival and development in vitro
(Trounson et al., 1988; Trounson and Sjtblom,
1988). More recently pregnancies obtained by
ultra-rapid freezing were reported by Trounson
{1990), Gordts et al. {1990), Barg and Feicht-
inger (1990), Feichtinger et al. (1991) and [.ai
et al. (1996). These results commonly demon-
strated that the ultra-rapid freezing method
should increasingly become the method of cho-
ice for human embryo freezing in IVF pro-
grams. However, in zygotes, ultra-rapid freez-
ing was not proved in efficient method when
compared to slow freezing method (Abbeel er
al., 1997). In this study, we introduced a new
and viable ultra-rapid freezing method at hu-
man PN stage embryo. However, we used multi-
FN zygotes produced in the results of ab-
normal fertilization in human IVF as an alt-
ernatives of normal 2PN embryo. Production
of multi-PN zygotes is not uncommon after in
vitro fertilization; the reported incidence of po-
lyploidy ranges from 1% to 25% in the litera-
ture, with most programs experiencing about
5% (Rudak et al, 1984; Van der Ven et al,
1985; Michelmann er al., 1986; Wramsby et al,
1987; Dandekar et al., 1990). We separated
the multi-PN zygotes into the 3PN zygotes or

more than 3PN zygotes {=4PN) to compare
the in vitro development and cryoinjury ac-
cording to PN number of abnormal zygotes. In
previous study using a new ultra-rapid freezing
method (Kim et al., 1998a,b), we confirmed
the developmental capacity of bovine oocytes
was maintained after thawing. Especially, in
mature oocytes, the blastocyst formation rate
was indicated similary to control data. Also, it
has known that the observation of bovine pro--
tocols can be directly transferred for human
system (Menezo and Zoly, 1997).

In this study, we reconfirmed the usability
of a new ultra-rapid freezing method using EM
grids when it was applied to the human multi-
PN zygotes. As shown in Table 1, after ultra-
rapid freezing and thawing, the high survival
rate (85.5%) and cleavage rate (88.7%) were
obtained, although total blastocyst formation
(15.9%) was significantly lower than that of
control (40.9%). However, the development
results of two treatment group were not diff-
ered in PN number. Although the specimens
used in this experiment were abnormally fer-
tilized embryos and the numbers are still too
small to fully evaluate of the method, this study
demonstrated that the new ultra-rapid freezing
method can be used as a method of human
PN zygotes cryopreservation.

Therefore, these results demonstrate that de-
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velopmental capacity of human muiti-PN zy-
gotes can be maintained by ultra-rapid freez-
ing method using EM grid and EFS30.

SUMMARY

The objective of this study was to test
whether the developmental capacity of human
multi-pronuclear (PN) zypotes after ultra-rapid
freezing using EM grid can be maintained. For
this experiment, multi-PN zygotes which pro-
duced in human IVF program were used as an
alternatives of normal 2PN zygotes, and they
were separated into 3PN or >4PN zygotes to
compare their in vitro development and cryoin-
jury according to PN number. As freczing solu-
tion, EFS30 which consisted of 30% ethylene
glycol, 18% ficoll, 0.5 M sucrose and 10%
FBS added D-PBS was used. The result ob-
tained in this experiment was summarized as
follows; When the multi-PN zygotes were ul-
trarapidly frozen and thawed, the high mean
percentages (85.5%) were survived. Also when
the cleavage rates between control and freezing
group were compared with PN number, there
were not significantly different in each group
(3PN; 81.3% & 85.4% and Z4PN; 90.0% &
95.7%). When the in vitro development rates
after thawing were ecxamined, freezing 3PN
group (22.0%) was not differed to control 3PN
group (38.5%), although the development result
of freezing >4PN group (4.5%) was signifi-
cantly lower than that of control 4PN group
(44.4%) (p<0.05). These results demonstrate
that developmental capacity of human zygote
can be obtained by ultra-rapid freezing method
using EM grid and EFS30.
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