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INTRODUCTION

Embryos frozen in glycerol showed a low viabil-
ity after being directly placed in an isotonic solu-
tion or transferred to recipient animals without
removing the cryoprotectant'?. Frozen-thawed
embryos will be vulnerable to osmotic injuries
owing to excessive expansion, if they are frozen
in a cryoprotectant which has a low permeability
to embryo cells such as glycerol and are directly
placed in an isotonic condition. However, os-
motic injuries could be reduced when embryos
were frozen in high permeable cryoprotectants
even if embryos were diluted directly in an
isotonic solution without dilution. The direct
dilution of cryoprotectants from frozen-thawed
embryos have been reported for dimethyl sulfox-
ide (DMSO0)*??, methanol*'?, propylene glycol
(PG)'® and ethylene glycol (EG)®*1117),

Highly permeable cryoprotectants can be used
alone for direct transfer of bovine embryos with-
out the addition of nonpermeable agents. Suzuki
et al.®reported a high pregnancy rate when
embryos frozen in PG were transferred directly to
the recipient animals. Voelkel and Hu'”!® repor-
ted that EG could be used effectively for direct
transfer of bovine embryos. We also confirmed
that EG was an effective cryoprotectant for
direct transfer of bovine embryos®. Direct trans-
fer is of much more practical use under on-farm

conditions because no laboratory equipment is
needed for dilution of cryoprotectants. Also
direct transfer can eliminate technical errors
made during the dilution of cryoprotectants. In
addition, embryos frozen-thawed in such cryo-
protectant show high survival rates when the
embryos are transferred directly into an isotonic
solution after thawing. It is possible that
cryopotectants can be diluted directly by placing
embryos in an isotonic solution. The direct dilu-
tion method is commonly used for in vitro
produced bovine embryos frozen-thawed in
EG3-5%141522  From a practical standpoint, the
freezing method using high permeable cryo-
protectants can be effectively used when confirm-
ing the embryos viability before transferring
them to recipient animals, or when multiple
frozen-thawed embryos are used in various exper-
iments. The possibility exists that the viability
of frozen-thawed embryos will vary among indi-
viduals if frozen embryos are diluted directly in
an isotonic solution under varying field condi-
tions. As far as we know, no reports have been
examined the effect of direct dilution conditions
on the viability of bovine in vivo embryos frozen-
thawed in ethylene glycol. The present study
was conducted to examine the effect of the direct
dilution conditions on the viability of bovine em-
bryos frozen-thawed in 1.8M EG.
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MATERIALS AND METHODS

Embryos

Embryos were collected nonsurgically from
superovulated Japanese Black and cross-breed
cows on day 7 or 8 after estrus. Follicle stimulat-
ing hormone (FSH; Antrin Pharmaceutical Ind.,
Denka, Kawasaki, Japan) was injected intramus-
cularly (i.m.) at decreasing doses twice daily over
4 days (total 28 AU; 5/5, 4/4, 3/3, 2 and 2 AU).
Luteolysis was induced by injecting 750 ug clo-
prostenol (Estrumate, Sumitomo Pharmaceutical
Ind., Osaka, Japan) im. 48 h after the initial
injection of FSH. Artificial insemination was
performed on the day of estrus and again the
following morning with frozen semen from a
Japanese Black bull. The embryos were
examined microscopically to determine their
morphological quality and developmental stage
as previously described”. Two hundred twenty-
four embryos of excellent to fair quality ranging
from the compacted morula to blastocysts stage
were used in the present study. The embryos
were washed with several changes of modified
Dulbecco’s phosphate-buffered saline containing
1g/1 of glucose, 0.036 g/1 Na pyruvate (Gibco,
Laboratories, Grand Island, NY, U.S.A), and sup-
plemented with 209§ heat-inactivated calf serum
(Gibco, Laboratories, Grand Island, NY, U.S.A)
(PBS-CS). The embryos were then maintained in
PBS-CS at room temperature (25°C to 30°C) or on
a hot plate at 36°C until used.

Freezing and thawing of the embryos

The cryoprotectant used in the present study
was 1.8M EG (Wako pure chemical Ind., Osaka,
Japan) dissolved in PBS-CS, and the embryos
were frozen as previously described®. The em-
bryos were transferred into the freezing medium
first, then each embryo was loaded into a 0.25 ml
French plastic straw (I.M.V., L’Aigle, France)
filled only with cryoprotectant solution. The
embryos were equilibrated for 10 to 33 min (total
time in the dish plus the straw) at room tempera-
ture. The straws were then placed directly into
the precooled chamber of a programmable
freezer (ET-1, Fujihira, Tokyo, Japan, and ET-

UM, Fuyjiva Yano Science, Hokkaido, Japan) at
—7°C. After 2 min, the straws were seeded,
maintained at —7°C for another 8 min, and cooled
to —30°C at 0.3°C/min before being plunged into
liquid nitrogen. The straws were thawed by
immersion in a 30°C water bath until all the ice
had disappeared.

Experiment 1

The effect of dilution temperature on the viabil-
ity of embryos frozen-thawed in 1.8M EG was
examined. The frozen-thawed embryos along
with 0.1 ml of the freezing medium, were each
transferred directly into 2 to 3 ml of PBS-CS, then
held for 10 to 30 min at 22°C or 38.5C. PBS-CS
was kept at 22°C or 38.5°C until use, respectively.
The embryos were maintained in an incubator at
38.5C or in room at 22°C during dilution. The
embryos were washed with several changes of
fresh PBS- CS, then placed in a 100 ] drop of
TCM-199 (Gibco, Laboratories, Grand Island, NY,
U.S.A) medium supplemented with 109§ CS on a
petri dish under paraffin oil. They were incubat-
ed at 38.5C in an atmosphere of 5% CO,in
humidified air. The viability of the embryos was
assessed by their ability to develop from compact-
ed morula to blastocysts and from blastocysts to
expanding blastocysts after a 48 hr culture.

Experiment 2

This experiment was conducted to examine the
effect of PBS-CS volume for direct dilution on
viability when the frozen-thawed embryos in 1.8M
EG were diluted directly in PBS-CS. Dilution of
EG was performed using the following three
methods. The frozen-thawed embryos along
with 0.1 ml of the freezing medium, were transfer-
red directly into 0.5 ml (6-fold) of PBS-CS or 5 ml
(51-fold) PBS-CS, then held for 10 min, and diluted
step-wise (6% EG, 3% EG, 09§ EG). PBS-CS was
warmed to 38.5°C until use in this experiment, and
embryos were maintained in an incubator at
38.5C during dilution. The culture and assess-
ment of embryonic development were performed
in the same manner as Experiment 1.



One-step dilution of frozen-thawed bovine embryos. 55

Statistical analysis
The statistical significance of the results was
evaluated by x? test.

RESULTS

The viability of frozen-thawed embryos after
culture when the EG was diluted directly in PBS-
CS at 22°C or 38.5C are shown in Table1. The
viability after culture was significantly lower for
embryos diluted at 22°C (26%) than for those at
38.5C (50%) or stepwise (50%)(P<0.05). The
viability of frozen-thawed embryos were affected
by dilution temperature, and significantly im-
proved at 38.5C as compared with 22°C (Experi-
ment 1). The viability frozen-thawed embryos
after culture when the EG was diluted by the
three methods are shown in Table 2. There were
no significant differences in viability after culture
between the dilution methods. The PBS-CS vol-
ume for direct dilution did not influenced viability
of frozen-thawed embryos (Experiment 2).

Table 1 In vitro development of embryos frozen-
thawed in 1.8 M ethylene glycol after one-
step dilution: Effect of one-step dilution
temperatures of ethylene glycol

Experimental No. of Culture period (hours)
groups? embryos oh 24h 48h
22C 46 30(65.2)*  17(36.9) 12(26.0)°
38.5C 44 35(79.5) 22(50.0)  22(50.0)¢
Stepwise 44 32(72.7) 27(61.3)  22(50.0)°

* No. of viable embryos (%)
2 Embryos frozen in 1.8M EG were diluted in PBS-CS at 22C,
38.5C, or by stepwise.
b¢ Different superscripts denote significant difference (P<0.05).

Table 2 In vitro development of embryos frozen-
thawed in 1.8 M ethylene glycol after one-
step dilution: Effect of PBS-CS volume as
diluent for one-step dilution of ethylene glycol

Experimental No. of Culture period (hours)

groups? embryos oOh 24h 48h
Method A 30 24(80.0)*  21(70.0)  17(56.7)°
Method B 30 25(83.3) 19(63.3) 18(60.0)°
Stepwise 30 25(83.3) 19(63.3)  17(56.7)"

* No. of viable embryos (%)

@ Embryos frozen in 1.8M EG were diluted 6-fold (Method A)
and 51-fold (Method B) in PBS-CS at 38.5C or by stepwise.

*Values are not different.

DISCUSSION

Miyamoto and Ishibashi®*® reported that EG
can be effectively used for freezing and one-step
dilution in an isotonic solution out of cryo-
protectant in mouse and rat embryos. Songsasen
et al.'Preported that EG was superior to
propylene glycol or DMSO when sheep embryos
were frozen and then directly diluted in PBS.
Kojima et al.? reported that the survival rate of
rabbit embryos frozen-thawed in 1.5M DMSO
after one-step dilution in PBS and direct transfer
to recipient animals was equivalent to that of
embryos diluted by the stepwise method. How-
ever, low pregnancy rates were obtained after
direct transfer to recipient animals of bovine
embryos frozen-thawed with 1.5M DMSO.
Suzuki et al.’® demonstrated that 1.6M PG can be
effectively used for freezing, one-step dilution in
PBS, and direct transfer to recipient animals.
Voelkel and Hu'® reported that post-thaw viabil-
ity was higher for embryos frozen in 1.5M EG and
diluted directly in PBS than for embryos frozen
with 1.4M glycerol, 1.5M DMSO or 1.5M PG.
They also demonstrated that the pregnancy rate
after direct transfer of embryos frozen-thawed in
1.5M EG was equivalent to that of embryos
frozen-thawed in 1.4 M glycerol followed by step-
wise dilution. According to these reports, it
appears that there is variation among species or
cryoprotectant types in the viability of embryos
subjected to one-step dilution and direct transfer
after thawing. However, it is probable that EG
is more effective than other cryoprotectants for
direct transfer and one-step dilution in an isotonic
solutions for mouse, rat®”, sheep!" and bovine
embryos'®. The high permeability to embryo
cells is an advantage of EG over other cryo-
protectants'*'®. Recently, the one-step dilution
method in which embryos are directly diluted out
of a cryoprotectant is commonly used for bovine
IVF (in vitro fertilization) embryos frozen-thawed
in EG3~51415:22)

The present study was conducted to examine
the effects of conditions for one-step dilution in
PBS-CS on the viability of bovine in vivo embryos
frozen-thawed in 1.8M EG. In Experiment 1, the
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viability of frozen-thawed embryos after one-step
dilution in PBS-CS at 38.5C was significantly
improved compared with embryos diluted at 22°C.
This result clearly demonstrates that the dilution
temperature had a considerable effect on the
viability of embryos frozen-thawed in 1.8M EG
when dilution was performed by one-step dilution
in PBS-CS. The embryos frozen-thawed in 1.8M
EG could be diluted directly in PBS-CS safely if
dilution was performed at 38.5°C. The excessive
expansion of embryonic cells during dilution of
cryoprotectants is a serious problem for embryo
viability. In particular, the viability of embryos
may be adversely affected by osmotic injury when
frozen-thawed embryos are placed directly into
an isotonic solution. The effectiveness of the
elevation of temperature during dilution has been
reported in mouse?” and rabbit embryos!®V,
when DMSO was diluted from frozen-thawed
embryos by addition of PBS in a stepwise man-
ner. In these reports, higher viability was
obtained when DMSO was diluted from frozen-
thawed embryos at 37°C rather than 0°C or 20C in
mouse embryos. The results of Experiment 1
were supported by these reports.

Voelkel and Hu'® reported that high post-thaw
viability was obtained after one-step dilution of
embryos frozen in 1.25 to 1.75 M EG at room
temperature. Our results were consistent with
those of Voelke and Hu'®, who held the embryos
in PBS for 5 min at 20C to 24°C after thawing,
then transferred the embryos into the culture
medium. In the present study, we held the em-
bryos in PBS-CS for 10 to 30 min at 22°C. These
differences in dilution procedure and freezing
conditions may have contributed to the variation
in results. Further experiments are needed to
determine the differences.

Although the dilution mechanism of embryos
transferred into the uterine horn of the recipient
animal is still unknown, EG is probable diluted by
very a small quantity of uterine fluid. There-
fore, the effect of PBS-CS volume on embryo
viability should be considered in addition to the
dilution temperature when frozen-thawed em-
bryos are diluted directly in PBS-CS. For this
reason, the effect of PBS-CS volume for direct

dilution on the viability of embryos frozen-thawed
in 1.8M EG was examined in Experiment 1. The
frozen-thawed embryos along with 0.1 ml of the
freezing medium, were added to 0.5 ml (6-fold) or
5 ml (51-fold) of PBS-CS at 38.5°C. There were
no significant differences between the 6-fold and
51-fold. The viability rates of both one-step
dilution methods were equivalent to that of em-
bryos diluted by the stepwise method. The
results of Experiment 2 demonstrate that the
viability of frozen-thawed bovine embryos in 1.8
M EG after one-step dilution in PBS-CS was not
affected by the solution volume.

In conclusion, the present study demonstrates
that dilution temperature is an important factor
when frozen-thawed bovine in vivo embryos in 1.
8 M EG are diluted directly in an isotonic solution.
Furthermore, the present study shows that EG
can be effectively used in the dilution of frozen-
thawed embryos by directly transferring embryos
into the isotonic solutions and that dilution proce-
dures can be simplified if EG is used as a cryo-
protectant for bovine in vivo embryos.

Summary

The present study was conducted to examine
the effect of the one-step dilution procedures on
the viability of bovine embryos frozen-thawed in
1.8 M ethylene glycol (EG). Embryos were col-
lected from superovulated cows on Day 7 or 8
after estrus. The embryos were transferred into
the freezing medium first, then each embryo was
loaded into a 0.25 ml straw filled only with freez-
ing medium. The embryos were equilibrated for
10 to 33 min at room temperature. The straws
were then placed directly into the precooled
chamber of a programmable freezer at —7C.
After 2 min, the straws were seeded, maintained
at —7°C for another 8 min, and cooled to —30C at
0.3°C /min before being plunged into liquid nitro-
gen. The straws were thawed by immersion in a
30°C water bath until all the ice had disappeared.
In Experiment 1, embryos frozen in 1.8M EG were
diluted in PBS-CS at 227C, 38.5C, or by stepwise.
The dilution temperature significantly influenced
the viability of embryos (269, 509 and 509,
respectively) (P<0.05). In Experiment 2, the
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frozen-thawed embryos along with 0.1 ml of the
freezing medium, were diluted 6-fold and 51-fold
in PBS-CS at 38.5C or by stepwise. There were
no differences in the viability of embryos between
the dilution procedurees (57%, 60% and 579%,
respectively). These results demonstrate that
the dilution temperature is an important factor
when bovine embryos frozen-thawed in 1.8M EG
are directly diluted in isotonic solution.
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