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Abstract
Two hundred and forty-six immature

oocytes from 110 patients undergoing

PATEAr © FEH

intracytoplasmic sperm injection (ICSI)
treatients were recruited. The immature
oocy:es were incubated in vitro that 180
oocy es reaching the metaphase II (MII)
stage were collected. In experiment 1,
the MII oocytes (n=84) were randomly
pretreated with 1.5 M EG (EG1.5) for 0,
5, or 10 minutes, and then exposed to
55 M EG and 1.0 M sucrose (EG5.5)
for 9 seconds and loaded in straws. The
straws were plunged into liquid nitrogen.
The vitrified oocytes were warmed and
diluted in four steps with 1.0, 0.5, 0.25,
and C.125 M sucrose, for 2.5 minutes in
each solution. For experiment 2, the
oocytes (n=60) were pretreated with
EGL1.5 for 5 minutes, and then vitrified
with EGS.5 in 60, 90, or 120 seconds,
and diluted in four steps. In experiment
3, the oocytes (n=36) were pretreated
with 2G1.5 for 5 minutes, vitrified with
EG5.5 in 60 seconds and diluted in three
(0.5, 1.25, and 0.125 M sucrose) or four
steps. The oocytes (n=18) without any
treatment were used as controls. They
were inseminated by ICSI and cultured
in vito in the following days. The
survival rates after warming were
signif cantly  greater for  oocytes
pretreated with EG1.5 (65% for 0
minutz, 93% for 5 minutes, and 96% for
10 minutes). The oocytes vitrified in 60
and 90 seconds had a significantly




greater rate of fertilization (63% vs. 58%)
than those vitrified
(20%). There were no differences in

in 120 seconds

survival and fertilization for vitrified
oocytes diluted by three or four steps.
The cleavage rates of embryos to the
six- to eight-cell stage (40% vs. 38%)
were comparable to that of the control
group (58%). However, no blastocyst
formation was observed in any vitrified
oocytes, but one (8%) developed from
Vitrification of
human oocytes with EG in straws
a high

fertilization and

the control oocytes.

achieves rate of survival,
early cleavage of
Further studies should be
conducted for the

embryos.
improvement of
subsequent development and blastocyst
formation.
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Introduction and purpose

The cryopreservation of human
oocytes would make a significant
contribution to infertility treatments,
including its use for oocyte donation and
for patients about to lose ovarian
function from surgery, chemotherapy or
also

radiotherapy. It provides an

alternative to embryo preservation for

the avoidance of ethical problems.
However, only a few successful
pregnancies have arisen from

This
situation has been primarily attributed to

cryopreserved human oocytes.

poor  survival, fertilization, and

development of cryopreserved human

oocytes. Therefore, improving the

viab lity of cryopreserved human

oocytes is an important topic in
infertility treatment.
Hunter et al.  performed
vitrification of human oocytes using
of dimethyl

sulfcxide, propanediol, ethylene glycol

mixed cryoprotectants
and, acetamide, similar to the protocol
for rouse embryo vitrification by Rall
and Fahy, and achieved a survival rate of
65% and a fertilization rate of 45%.
Howzver, no cleavage of zygotes was
observed. Recently, ethylene glycol (EG)
comtined with sucrose has been
extensively studied in mammals as a
cryoprotectant for the vitrification of
oocytes and embryos because of its low
toxicity and rapid permeation of the cell.
It is thought that vitrification is superior
to tie conventional slow freezing
method for bovine oocytes that are very
sensitive to chilling. The purpose of our
study was to examine the effect of
vitrification with EG for human oocytes

in cor.ventional straws.

Materials and methods

A total of 1220 cumulus-corona-
oocyte complexes were retrieved in 110
ICSI cycles.
granulosa cells, 927 (76%) oocytes were
found to be at the metaphase 11 (MI1)
stage, 135 (11%) at the metaphase I (MI)
stage, 111 (9%) at the germinal vesicle
(GV) and 47 (4%) were
degencrative. MII oocytes with the first

After the removal of

stage,

polar body were selected for ICSI. The




MI oocytes were incubated in vitro for
18 hours and the GV oocytes for 24
hours with human tubal fluid medium
supplemented with 15% heat-inactivated
108 MII
oocytes were recovered from the MI
stage (80%) and 90 from the GV stage
(81%) for this study.

maternal serum. Overall,

Pretreatment and Vitrification
Solutions
The solutions for pretreatment,

vitrification, and dilution were prepared
using Dulbecco’s phosphate-buffered
saline plus 20% fetal cord serum. The
pretreatment solution contained 1.5 M
EG (EGL.5). The vitrification solution
consisted of 55 M EG and 1.0 M
sucrose (EGS.5).
Experiment 1 for Assessment of the
Effect of Pretreatment

The MII oocytes (n=84) were
randomly allocated to be pretreated with
EGL.5 for 0, 5, or 10 minutes. The
oocytes not treated or pretreated with
EGLS were transferred with minimal
medium into a drop (200 pL) of EGS.5
on a Petri dish and mixed for
equilibration. They were transferred to
another drop (200 pL) and loaded in a
0.25-mL plastic straw. The procedures
were performed at a room temperature
of 22 to 24 °C. The straw was plunged
into liquid nitrogen in 90 seconds since
the oocytes contacted with EGS.5. After
storage for 1 to 5 days, the straw was
taken out of the liquid nitrogen and held
in the air for 5 seconds. It was then

plunged into water at room temperature

for 10 seconds. The content containing
ooctes was expelled into a drop (400
uL) of 1.0 M sucrose on a Petri dish.
The oocytes were then transferred into
1.0, 0.5, 0.25, and 0.125 M sucrose in a
four-well dish, for 2.5 minutes in each
soluion. Finally, the oocytes were
washed and transferred into the culture
ICSI  was
minutes after the dilution of oocytes.

med um. performed 60
Experiment 2 for Assessment of the
Time of Exposure to Vitrification
Solution

The oocytes (n=60) were pretreated
with EG1.5 for 5 minutes and then
exposed to EGS.5 for 60, 90, or 120
seconds. They were cooled, warmed,
and diluted as described in the first
experiment.
Experiment 3 for Assessment of the
Steps of Dilution

The oocytes were pretreated with

EGL.5 for 5 minutes and vitrified with
EG5.5 in 60
warmed and diluted in three (n=18) or

seconds. They were
four steps (n=18). For the three-step
dilution, the oocytes in straws were
expelled into a drop (400 uL) of 0.5 M
sucrose and then transferred to 0.5, 0.25,
and 0.125 M sucrose, for 2.5 minutes in
The oocytes (n=18)
without any treatment were used as

each solution.

contrcls.

Resulis
The survival rate of vitrified
oocytes after warming and dilution was

signifizantly greater in the pretreatment




groups than in that without pretreatment.
It was not different between groups with
5 and 10 minutes of pretreatment. After
ICSI, the rates of damage, normal
fertilization, and abnormal fertilization
were similar among the three groups.
The percentages of early cleavage to the
stages of two to four and six to eight
cells were also not different. No morula
or blastocyst developed from these
vitrified oocytes.

The survival rates after warming
and dilution were not different among
the three groups. The damage rates after
ICSI were similar. The oocytes exposed
to EG5.5 for 60 or 90 seconds had
significantly greater rates of fertilization
than that exposed for 120 seconds. The
cleavage rate of zygotes appeared lower
in the 120-second group. The cleavage
rate for oocytes exposed for 60 seconds
tended to be higher than that for those
exposed for 90 seconds, but the
difference was not significant. The
embryos arrested at the stage of six to
eight cells.

There was no difference in survival
for vitrified oocytes between three- and
four-step dilutions. The rates of damage
after ICSI, fertilization, and cleavage
were not different between the two
groups. The percentages of normal
fertilization and early cleavage of
zygotes from vitrified oocytes were
lower than those of non-vitrified oocytes,
but the difference was not significant.
No blastocyst formation was observed

from the vitrified oocytes, and one

blastocyst developed from the control

oocytes.

Discussion

The present study demonstrated a
high survival rate of cryopreserved
human oocytes vitrified with 5.5 M EG
and 1.0 M sucrose in straws. This
morgphological survival rate appeared to
be greater than that of the conventional
slow freezing method reported in the
literature. The rates of normal
fertil zation and early cleavage of
vitrified oocytes were comparable to
those of the control. However, the
subsequent development and blastocyst
formation seemed impaired. Nonetheless,
considering  the high rate of

morphological ~ survival and early
development of vitrified oocytes, further
studies are warranted to improve the
growh potential of vitrified human
oocytes.

One-step vitrification with brief
exposure to a very concentrated
cryoprotectant was successfully used for
the cryopreservation of bovine oocytes
by Martino et al.. Otoi et al. found that
addition of

Cryop-otectants was superior to one-step

the three-step

vitrification ~ for  the survival of
cryopreserved bovine oocytes. In the
vitrification of human oocytes, we found
that oocytes pretreated with EG1.5 had a
significantly higher survival rate than
This
indicares that the permeation of EG in

those  without pretreatment.

the pretreatment enhances intracellular




vitrification. That would reduce the time
needed for exposure to a vitrification
solution of EGS5.5 that could be toxic for
oocytes.

In this study, we found that
oocytes exposed to EG5.5 for 60 or 90
seconds prior to cooling had a higher
rate of fertilization and cleavage than
those exposed for 120 seconds. This
indicated that prolonged exposure to the
concentrated cryoprotectant might have
induced a toxic effect. Whether
shortening the time of pretreatment and
exposure to vitrification solution can
improve the growth potential and
preserve the survival rate of vitrified
oocytes deserves further research.

The vitrified oocyte is sensitive to
osmotic changes after warming. A
stepwise dilution is usually used to
prevent excessive swelling and lysis of
the oocyte as the cryoprotectant leaves
the cell. Using the same vitrification
solution of EGS.5, Martino et al. diluted
vitrified bovine oocytes in three steps,
from 0.5 to 0.25 to 0.125 M sucrose.
Hong et al. performed a four-step
dilution for vitrified human oocytes and
found a better growth potential for
oocytes kept 2.5 minutes in each step
than those kept 5 minutes in each step.
In our study, there was no difference in
survival and  growth capacity for
vitrified human oocytes after three- or

four-step dilution.
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